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112!!.Qf tory notes 

Tb• 110netary unit in ZiabablM is tbe dollar ($Zia). 

References to tonnes (t) are to .. tric tonnes. 

AAC 
AS'DI 
DOB 
GS 

GW 
IDC 
DIR 
Lonrbo 
SACA 
ZimglaH 
Zisco•t••l 
ZllDC 

ccs 
Cba 
CIC 
DU 
LOI 
llOR 
llPa 
PCB 
R&D 
RUL 
SIS 
TOA 
TGA 
DD 
DF 

Acron,_ 

Anglo .lllericaa Corporation 
.lllericaa Society for Testing aad Katerials 
Departaent of lletallurg7 of tbe Kinistry of Kines, Harare 
Departaent of Geological SUrYeJ of tbe Kinistry of llines, 

Bar are 
G & V Industrial Kinerals, Harare 
Industrial DeYelo11119nt Corporation of Ziababwa Ltd., Harare 
In•titate of lliniag Researcb of tb• UniYer1it7 of ZimbablM 
Loarbo ZiabablM Ltd. 
Staadarcl A11ociation of Central Africa, Harare 
ZillbablN Gla11 Inda1trie1 Ltd., GIMru 
ZillbablN Iron aad st .. 1 Co. Ltd., Redcliff 
ZimbablN Kilting DeYelo11119nt Corporation, Harare 

Technical abbreYiations 

cold crushing strengtb 
cb .. ical aaal71i1 
creep in compre11ion 
differential tber11&l anal71i1 
1011 oa ignition 
llOclalu1 of rupture 
•&a pascal 
pyr011etric cone equivalent 
re1earcb and develo11119nt 
refractorine11 under load 
soluble salts 
thermal dilat011etric anal71i1 
tber11&l gravi•tric anal11i1 
X-ray diffract011eter (or iiffract011etry) 
X-ray fluorescence 1pectr011etrtc anal11i1 

llention of tbe Dure of f lr111 and c,,...rclal products does not i11plJ 
endor1 ... nt bJ tbe Unf . .;e~ •ation1 Develo11119nt Progr._ CU.OP) or the United 
•ation1 Industrial Develo11119nt Organization (UllIDO). 

• 
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ABSTRACT 

Within the contezt of the large-scale project "Strengthening of goYern­
.. Dt support ••rYices in the non-91ttallic ainerals sector" <DP/Zill/83/006) an 
ezpert in testi~g, classifJiDg and eYaluating non-91ttallic raw .. terials was 
assigned to the project for 15 aonths, fraa 20 llaJ 1985 to 2 Septellber 1986. 

ID accordance with his job description, the ezpert carried out the 
following tasks: new it ... of equi(lllent for the testing of aineral raw 
.. terials were put into operation, among th- for OTA, TGA, '?DA and DD; 
numerous .. thods of ·testing aineral raw aaterials and finished ceraaic 
products w.re introduced at the Ceraaic Laborato17 of the Department of 
lletallur11 (DOii); the staff of the Laborato17 w.~e trained both bJ lecturing 
and on-the-job; about 120 samples w.re test-.d, among th- Yerr Yaluable ones 
for the future deYelo(lllent of refractori•s and ceraaic industries, such as 
aluaina-bearing <corund-, bauzite, tranite, fire-clars, kaolins, clars and 
feldspars) and magnesia-bearing rawaateriala (.agaesites and duaite, which 
can be used for the aanufacture of basic refractories). Samples of good raw 
.. terials for the aanuf acture of glass (li .. stone, quartz sands) w.re also 
eyaluated. All test results w.re caapiled on "samples log sheets", aYail•ble 
at the Department of lletallurgr. 

ID addition to his detailed recommeadatioas concerning the use and 
applicatioa of specific tetted raw .. t1rials for particular products, tb• 
ezpert proposes to set up a research and deYelo(lllent centre for DOD-91ttallic 
construction aaterials at DOii, on the b~•i• of the existing Ceraaic 
Laborato17, outlining its future functions, staffing, equi(lllent and financing. 
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IJITRODUCrIOll 

Th• Gowenmieat of Zillbablle is aware of the great ecoaoaical potential of 
tile local aoa--tallic raw .. terials. This projer.t st_. fraa the need of 
creating a •rst ... tic approach to tile probl .. of utilizing Zillbabwean 
aon--tallic raw aaterials. Th• purpose of the aission of tb• expert was 
first of all the creation of a specialized laboratory for the testing of 
noa--tallic raw aaterials. to furaisb i~ with th• necessary equipment. to 
train tile staff in operating tile equi.-.at. to introduce r•l•Yant -tllods of 
testing and to train th• staff in th• application of th••• •thods. to test 
aYailabl• smaplas for th• "Geological IDnatol"J' of Ziababwe" and for lb• 
technological part of tbis project. as wall as to select deposits of aoa­
-tallic raw .. terials vitb a high potential and to test the •-.Pl•• taken 
fr• tb .. bJ all aYailabl• -thods. 

Asbestos is not coyered b:r t.his project. th• aining and utilization of 
wllicb is wall denloped and bas a long tradition in th• couatry. 

Th• acthiti•• of the expert began on 21 Ba:r 1915 and luted atll.. 
2 Septeaber 1916. The .. in objecti••• of his aission. as ••t oat in bi• job 
description (aanez I>. v.re attained. 

Fr• th• Goyenmient'• side the project was saperYised bJ tbe director of 
tbe Depan-nt of lletalluru <DCm> of tb• llinistry of Ilia .. and the national 
project director, I. llutowo (B.Sc., II.Sc.). Th• counterpart staff wre: 

J. Bapirayana, cb .. ilt/geologist. bead of tbe Cermic Laboratory at ocm 
v. Vera, cbeaical engine-er 
T. Saab..,., cbealcal engineering 
•· Bara•anrita, geologist 
L. Dbliva:ro. cbeaist/anal:rst 
a. 11&n1au ... tallurgist 
s. Saungweae, technician. 

During tbe first 10 llODtb• of bis assignaeat <froa 23 June 1915 tbroagb 
11 April 1986) tbe expert co-operated directlJ vitb G. Lentei, vbo HrYed as 
expert in production and tecbnolog:r of ceraaics (post 11-02) and as econ•ic 
adYiser (post 11-03). 

YlYid co-operation started in Deceaber 1985 vitb tbe Ziababwe llining 
DeYelopment Corporation (ZllDC) on testing S111Ple1 for tb• "Geological Inventory 
of Zinbabwa" <s.11.•. •cube, diYisioaal geologist at ZllDC) in connection vitb 
subcontract •o. PIS/42 "Preparation oC tbe dest-tJPe inveatorr studJ of non­
.. tallic ainerals", vblcb lasted until tbe expert's d4p&rture. 
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IECOlmDDilIOllS 

1. Th• deYelopment of th• non-119tallic aineral• sector in Zillbat.. should be 
ba•ed, fir•t of all, on the proc•••ing alaaina-bearing ainerals, i.e. corundua, 
baazite, kJanite, taolin, fire-claJ, ball claJ• and flint claJ•· Bining and 
upgrading of th••• raw aaterial• •hould be farther d•Y•loped. 

2. OD that ba1i1 an al1111ino•ilicate refractories inda1tr, should be developed, 
11&Dafactaring high-dutJ and 1aper-dut1 fire-claf refractories, and u•ing 
refractor, cla1• (llwange fire-claf, Chiredzi flint claJ) and kaolin• (Tha.8oa), 
•• well a• other high-alaaina, -llit• and coraad- refractorie•, coaiag froa 
rich d•po•its of kJanit• and coraadaa (IJ Biae, Coac•••ion). 

3. Th• aboYe-119ntioned rewaaterials, u well•• feld•par• <Bit:ita, 
BorrcNdale), vbich are of the highe•t qaalitr and occur in large depodts, 
•bould be used for the maauf actare of alllost all tJpel of cerlllic vbitevare 
(tableware>, •aaitar, cerlllics and technical cer .. ics ( .. diam-and bigb-teasioa 
electrical ia•ulator•>· 

4. Por tb• •beet-gla11 indastr,, vbicb should soon be Htablisbed, th• aiaiag 
of deposit• of pare quart:: •aad• and lhle•toae •boald be developed. 

5. A u.. iadastr,, producing calcined aaslaked and slaked lhle, •boald be 
developed u a ... 11-1cale indastr, la rural areas and as a larse-•cale one, 
for industrial and coastractioa purpose•, based oa naaeroa• deposit• of 
lhle•toae in tbe coaatr,. 

6. The po••ibilitJ of a•ing clallestic aagaesites froa th• ladOll& and Pand• 
aines (Beitbridge) and daait• froa Great DJte for the aaauf actare of buic 
refractori••· •hould be farther investigated. 

1. Th• use of local doliaite, after dead burning, for the refractor, lining 
of OSJ&•n coaYertors at Ziscosteel, sbould be tried u saa. dolaaltes are of 
ver, high qaalitJ. 

8. Tecbnologi•• for tbe aaaafactare of refractor, calciam-alaainate c .... ts 
•hoald be investigated, using Peabalonga bauzit• as a •ourc• of alaaiaa, aacl 
u .. atoae froa the larlJ Vora aiae, or froa other deposits located cloH to 
Harare. 

9. A research aacl development centre for non-119tallic con•truction aaterial• 
should be set up at tbe Departaent of .. tallurgf, on the ba•i• of the ezistiag 
Cer .. ic Laborator,, it~ staff &Del equipment. Tb• centre's aain ta•kl should 
be: 

<a> To contina• testing local rswaaterials and give advice to the 
indu,tr, on th•ir proper applications; 

(b) to initiate and pursue co-o,.~ation with the indastr, in iapl ... nting 
technologies for th• aanufacture of new .. terial• in the field of ceraaics, 
eapeciallJ refractories, bJ undertaking related research; 

(c) To co-operate with i~du1trie1 a1in1 refractories and other ceraaic 
cl ... nt1 <e.g. acid-resistant cer .. ics) with regard to a proper application of 
th••• aaterials, bJ giving advice, te1tin1 and doing tbe n•c~••arr research; 

<d> io analr•• current technical literature in the relevant fields and 
1upplJ th• industry with all aec••••rr infol'llation; 
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<•> To co-operate vitb tbe UniYersit7 of Zillbabllle in tbe field of 
tecbaolo&J' of inorganic aateriels. botb in research and in training students; 

(f) To co-operate. on the basis of bilateral agre ... nts. with research 
and deYelopment institutes abroad. 

10. Tb• Department of lletallur&J' should urgentlJ i11Pl ... nt tbe following: 

(a) llove sensitive precision equipment such as DTAITG. dilatom.ter and 
colori .. ter to another rooa which is free of Yibrations and dust. e.g. to tbe 
rOOll adjacent to ZRD; 

<b> lstablish a libra~ or tecbaical documentation unit at DOii. vith one 
perll&llent librarian having a good knowledge of all tecbaical and scientific 
probl_. concerning DOii'• fields of activitJ. Current periodicals. new boots. 
publisher•• catalogues of boots, aaaufacturers' catalogues of new equipment • 
.. chines, tool• etc., should be displaJed and there should be a possibilltJ 
for photocoprtng. Close co-operation sboald be established witb the libraries 
at GS, DIR, the UniversitJ and SAC&; 

<c> Upgrade the capabilitr of tbe analrtical laborato~ bJ providing it 
vitb the necessarr reagents, .. terial• <e.g. platinaa dish•• and crucibles>. 
and in future with some n9V equipment for instrumental analr•h (e.g. DP>; 

(d) Insure that all equi11119nt ts supplied with a suff ictent ..oant of 
spare parts; 

'(e) Bir• an electronic engineer to take care of the equipment co~taining 
electronic circuits (ZRD. DTAITG, dilatom.ter. recorders, furnac••· 
colori .. ter. balances. th•rmostats etc.); 

(f) Upgrade the capabilities of the .. chanical and electri,al workshops, 
e.g. to facilitate the manufacture of precise steel dies for preHing shapes 
or pelletiztng ceraaic powders under high pressure; 

(g) Prepare a suitable space for the esisting and the future pilot-plant 
equi11119nt; 

<h> Organize tbe Ceraaic Laborato~ along the following lines: 

llain tasq 

(i) resting and evaluating non-11etallic raw aaterials and readJ­
aade products (e.g. refractories, all trpe1 of ceraaic1 etc.). 
Co-operation with ZllDC ani GS in testing raw materials and 
vitb the indu1t~ in testing tbeir products; 

(ii) R & D la technologies of processing non-1111tallic raw 
materials (e.g. kJanite. coruadua, b•usite, kaolin, 
flre-claJ, feldspars, bentonit~, quartz 1and1, rrapbite, 
dunlte, talc, lt .. 1tone, .. 1ne1ite, doloaite, vermiculite 
etc.>, their upgrading and tbe .. oufacture of various 
products (e.g. refractories, gla1s, ceraaics, c ... nt1 etc.>; 

(ill> R & D in tb• application of refractori11, e1peciallJ in tbe 
iron and steel industrJ, copper ... ltec1, nickel and cobalt 
industries, gold ... 1tiog furaaces, li .. indu1tr,, c ... nt 
kilns, glass indust~, cer .. ic indu1trie1 etc. (e.g. bJ 
preparing a catalogue of users of ~efr1ctories>; 
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<iv) Development of production of various ... 11 ceraaic <or 
refractor1> construction •l ... nts at DOii. vitb specific 
technical properties (e.g. graphite crucibles .... 11 
crucibles for induction furnaces. lids. supports. shapes>i 

{v) Develop new types of r ... ing aizes bJ using grog aade froa 
calcined t1anit•. boulder corundua or silica; 

<vi> Develop new types of r ... ing aasses vitb phosphate bond; 

<vii) Research on refractory binders and c ... nts; 

Staf flng 

(i) The aain counterpart in the project. J. llapiravana. should 
·beccme the head of the Laboratory; 

<ii) One person vith universitJ education in ch..t•try should be 
involved in thenul •thod• of te•ting <DTA. TGA. and 'lDA>. 
and in future in beat-conductivttJ .. asur ... nt• and · 
bigb-teaperature aicroscopJ; 

<iii) On• person vith universitJ education in aineralogy •hould be 
involved in optical petrography and DD <X-ra1 diffraction 
phase anal7sis. aineralogical analJ•i•>; 

<iv) One person vith university education in phJ•ical science 
should be involved in otber •tbod• of te•ting and adapting 
standard -tbod• <.um. BS); 

<v> ror all abov.-ntioned •tbods of testing two technidans 
sbould be employed; 

<vi> ror tbe technological part of tbe laborato1_·. two person• 
witb universitJ education (technology) sbould be hired, as 
w.11 a• two or tbree technicians; 

Additional agpipm1pt 

<i> ror tbe laboratory: 

- Vibrating ball aill frOll let•cb, in addition to tbe 
eststing laboratory sieving aacbine, to prepare •111ples 
tor otber laboratory tHts <Cb.A, DtA, Te:&, TDA, DD etc.>; 

- Additional bigb-teaperature laboratory furnace up to 
1,100 •c; 

Rigb-teaperature aicro•cope up to 1.100 •c; 

- RJdrocfclone•, di ... ter 50, 150 and 350 .. ; 

- Equipment for .. a•ur ... nts ot PCS ot refractorie•; 

- Rot-load testing furnace together witb s111ple drilling 
machine and precision grinding aacbin• for ltUL and CIC 
tHting; 
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- Petrographic aicroscope; 

- llercurJ po~osi .. ter; 

- Particle sizer (laser light instruaent) for deteraination 
of particle size distribution less than 5 µa; 

- HJdraulic press for aeasur ... nt of CCS of refractories, 
construction cer .. ics and concretes; 

Device for .. asur ... nt of theraal conductivitJ of cer .. ics 
and refractoriel up to 1,000 •c; 

- Dilat011eter up to 1,650 •c; 

- Lov-frequencJ ultrasonic device for non-destructive 
testing refractorf shapes, bricks, blocks, as well as 
electrical cer .. ic insulators; 

(ii) ror the pilot plant: 

- Oil-fired or electricallJ heated cbuaber furnace up to 
1,750 •c; 

- ldge runner aill; 

- DrJ .. gnetic separator; 

- Seai-industrial bJdraulic press; 

- Jet spraf drier; 

- Saall oil-fired rotarf kiln; 

(iii) Once the proposed additional equipment bas been delivered, 
introduce at DOii the following additional .. tbods of 
refractories testing: PCB, RUL, CIC, ccs, porositJ 
di1tribution, 1lag re1i1tance, theraal espan1ion up to 
1,650 •c, changes on reheating of refractories, and their 
non-destructive te1tiag <ultrasonic>. 

riaaacipg of the Cer .. ic Laborato£J 

the activiti•• of tbe Laborator1, i.e. aaalrsis and testing of raw 
materials and product•, esperti1e, consultancJ, 111&11-scale 
production, technical iaforaatioa etc., should be performed on a 
c01111ercial basis, i.e. all services givoa bJ th• Laboratorr should 
create some measurable income, to cover at lea1t partiallJ the cost• 
of running the equipment <v•rJ espensive spare part• and consuaabl••>· 
Some kind• of donations aight al10 be verf useful. 

11. Close co-operation with the industrJ, especiallJ on refractorie1, should 
be initiated bJ DOii, bJ organi%ing a 1 .. inar. the main users of refractories 
1bould be advised to prepare abort inforaation on: 

(a) the t1pe1 of refractories th•J use, for what purpose•, and their 
annual consumption and iaport; 



- 11 -

(b) Under which conditions the above-mentioned refractories are working 
<temperature, tJPe of .. cbanical and tbenaal stresses, c~rosion>; 

(c) Wbich difficulties th•J encounter. 

The aanuf acturers <ClaJProducts and Redcliff Castables) should be asked to 
give all iuforaation on: 

(a) The tJPe• of refractori•s th•J aanafactare and tbe possibilitJ of 
substituting sa.. of tbe imported ones; 

(b) Possibilities of i11proving the qaalltr of the aanafactared 
refractories. 

The problea of aining non-metallics should be highlighted bJ ZllDC, based 
on the results of the "Geologica1·1nventorr of ZillbablM". 

Th• following users of refractories should be invited: Ziscost .. 1 <lroa 
and steel line, cote factor,>, Biadara 8ictel corporation <nickel ... 1ters aad 
convertors>, copper plants (copper ... 1ters and convertors), ferro-cbralle aad 
fe~o-allors industries, Portland c ... at plants (Harare and lhllawa~>. 
tableware and sanitarr cerulics <•orbel, Villsgrove Potteries), glass indastrr 
<Ztmglass), Ziapbos, P0W9r plants (llwange, Harare>, iroa and steel foaadries, 
li .. industrr <BarlJ Vora), and others. 

12. To ensure a continuous successful development of the industries processing 
non-metallic raw aaterials, future activities in this area should be supported 
bJ a new UllDP/UllIDO project "Strengthening of technical advisor, capabilities 
for non-metallic aineral based industries". 
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I. AC;tlVITIIS 

A. A11•1 ... nt of reports on local raw aaterials 

Al set oat ln bis job description (annez I>, the ezpert first studied all 
reports relating to ~be activities of UllIDO in ~bis sector in Ziababve, a list 
of vbicb is reproduced a1 annex II. .lmong th••• were: Cohen's report on 
tyanit.e, Ylajcic's and Budiair's report on aagnesite and lllgeltanr•s as •11 
a1 Zita'• reports. lforri1on•s reports give broad inforaation on aluaina­
bearing aineral1, vberea1 Varner, Barlow, and Phaup deal vitb all po11ible 
aineral1, vbicb were found during geological ezploration in Ziababve. Th• 
anaual report for 1958 contains interesting information on the output of 
aineral1 of ind111trial value. 

On the ba1i1 of the gathered i.tor11&tioa the ezpert prepared a list of 
rocks and aineral1, depo1it1 of wlaich ..re found in Zillbabwe, and vbicb .. ,. or 
aight have an industrial applicatiea aa noa-metalllc raw aaterial1 (see 
annez III>. Th••• are aainlJ alualna and alualno1ilicate aineral1. It ... 
1ugge1ted to test at least 1oae of thea for tbe preparatiOf.l of the "Geological 
Inve&tol')' of Ziababwe•. 

Based on the illforaation obtained froa ZllDC on po11ible re1er'Y98 of 
non--talllc aineral1 in Zillbabve <•ee annez IV> and with a viw to aD 
imlediate application of th••• tJPe• of rawaaterial1, the ezpert 1agge1ted to 
give first prioritJ in testing to the following: coruadua (boulder aDd 
Cl'J'ltalline), bauzite, kyanite, !ire-cla11 <flint and ball tJPe), taolla1, 
feldspars, mont:.orillonite (bentonite), vet'lliculite, talc, diatoaaceoa1 earth, 
perlite, aagnelite, doloaite and calcite (liae1tone>. Same other raw 
.. terial1, lite a1be1to1, were not taken into account a1 their aining and 
application has been vel')' "911 developed for ll&DJ 1••r1 in ZiabalN9. Kinera11 
lite gibb1ite, uadalu1ite, ballor•ite, illite1, tridJllite, g)'P1ua or native 
1ulpbur bave not been found in con1iderable quantitie1. V•l'J' interesting froa 
tbe technological and econoaical point of view aigbt be tbe occurrence• of 
aineral zircon CZrSi04>. Po1slble reserve• of it in ZlllbablN are e1timated 
on 100 aillion tonne•. ROIMYer, no preci1e data could be obtained. 

there are numerou1 domestic raw .. terial1, 1om9 of tbea alr•adJ ained 
and available on the local aartet, vblle depo1lt1 of otber1 are tnown to 
geologl1t1 but are not J•t well ••tiaated. 

Of .. jor laportance for the develo11119at of a ceraaic indu1tl')', e1peciallJ 
of a refractorie1 iadu1tl')', are the depo1it1 of aineral1 th• cbeaical coapo1ition 
of wbich ellbrace1 ba1icall1 the two coaponent 111tea A12o3-sto2 (with som9 
aclaizturH and cont•iaant1). there are deposit• of corundua <Conce11ion -
O'Brieas, Belingwe, .Andrew Clai .. ), dia1pore (72-80 ~ A12o3> (seven deposits 
la the south-eastern lowveld and near Hvange>, kfanite (58-62 ~ Al203) 
(laroi, llutoto), bauzites (40-48 ~ Al203> <P•nhalonga, at tbe border to 
llozlllbique), flint cla11 (34-39 ~ Al2o3> CCbiredzi, Chivuaburu), 1&olin1 
(24-37 ~ Alz03) <ladoaa, Tba11p1on, Bude rara,), fire-claJ1 and ball cla11 
(24-37 ~ Al203) (CWaai, Hvange, Beitbridge), numerou1 local brick clafs and 
further: diatomite1 (Zlllbezi vall•J>, quartzite <11vange), quartz (CW.ru) and 
pure quartz sand <up to 99.3 ~ Si02>. there are al10 ricb depo1ite1 of 
feld1par1 <Kis1tre11, Bitita) and vermiculite (llutoto>, a1 well 11 litbiua 
aluaino1ilicate1. the above-11entioned raw aater!al1 are suitable for the 
.. nufacture of a wide vari•tJ of valuable ceraaic1, •tarting froa V&rf espen1ive 
corundua or bigb-aluaina refractories, all kind• of porcelain ware1, 1anitarJ 
ware1, earthen-ware pipe1, wall and floor tile•, mo1aic tile• to building brick• 
and electrical porcelain. SOiie of tb .. , e.g. diaspora or bauzite, are 1uitabla 
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for the 11&Dufacture of bigb-aluaina ~racto1"7 c ... nt~. others (quartz sands) as 
a cQ11POnent for glass llallufacture. 

There are also deposit• of li .. atones. doloaites and 11&gnesites in 
Ziababwe, which, unfortunatelJ, up to now ban pbJed a coaparativ•lJ ainor 
role, because large quantities of li .. are still being iaported. 

Graphite, deposits of vhicb are near lariba Lake, could be useful in th• 
dovelopaent of a refractories indu~tl"7 (graphite crucibles. graphite blocks and 
shapes). 

a. lguiJ!l!!At for testing of and researching on non-11etallic raw aaterials 

When the ezpert arrived at the Department of lletallurgJ be found the 
following equipment (see also list in annez V>. still packed in bozes: 

1. Colorl .. ter, mod•l Tricolor n.rm. Dr. Lange. Thia .. chine was 
dmaged during transport. The damaged part. the cabinet. was 
replaced bJ the •.nufacturer and the ezpert repaired the equipment. 

2. High-pressure autoclave. tJ"pe 6913 (251) 0 Tonitecbllik. 25 dal; 
3.5 llPa; 250 •c. The autoclave was ordered and delivered without 
counterwigbt. Th• ai11ing part. which was designed and aad• in the 
.. chaaical workshop of DOii and enables an easJ lif tiag of th• cover 
lid. 

3. Torsion viacom.ter. •d•l DT, Brookfield. vltb spindle Ht (alni­
vi1co1it1 0.1 Pa.1; aaziaaa 8 z 105 Pa.1>. 

4. LaboratorJ sieving aachine. t:rpe Vibro. let1ch. vllb 1creen1 of 0.200. 
0.110. 0.160. 0.125 and 0.100 ... 

5. Ultrasonic sieving apparatus. tJPe USG, let1ch 0 with precision 1leve1 
of 100 0 80 0 70 0 60 5Q 0 40, 30, 20, 10 and 5 µa for precise grain size 
anal11i1 of non-plastic powders of solid aaterlals in water <or other 
liquids) 1u1pension1. Since this apparatus could have V•l"7 liaited 
application in th• envisaged te1t1, the additional ordering of 
Andreasen pipette• was proposed. Th••• are suitable for routine, 
standard particle-size anal11i1, e1peciallJ of claJs in water 
1u1pen•1on, down to 2 µa. 

6. Si1111ltaneou1 TGA/OTA in1truaent, tJPe 409, ••tz1ch, for aadmua 
1,350 •c. 

7. Electronic dilatOlleter (for ?DA), tJPe 4021/2, ••tzscb, for masiaua 
1,340 •c. 

The TGA/OTA instrument and the dilat011eter have one cOlllOn 
transformer, one controller and one recorder. This .. ans that 
li1111ltaneoa1 tHtlng bJ OTA/TGA and tDA cannot be performed. It was 
•P?•rent froa the beginning that ~he third channel of the record•r 
for OTA was not working properlJ. Strong variations affected tbe 
width o~ a OTA curYe. After esten1ive corre1poncleoce with the 
aanufcturer, •etz1ch, th• expert 1ucce11fullJ repaired the recorder. 

8. Bending str•ngth tester, model 401, •etzsch, for aasi .... 600 •· 
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9. Heating bath and circulator, t:rpe 000-5699. Haake. This aachin• was 
delivered bJ Netzsch together with DTA/TCA and TD.A. equii:m-nt in 
ord•~ to teep the cold part of the equii:--nt (aainlJ 
tber110-el ... nts) at rOOll temperature. 

10. llectricallJ heated gradient furnace. model GlOOlg. Naberi length of 
cbuaber 1,000 .. i ~T • 300 ~. aaziaaa temperature 1,340 •c. 

11. llectricallJ heated high-temperature laborator1 furnace, llOclel 
BTO 8117. llaber; with supertanthal (lloSi2> beating el ... nts for 
aazim111 1,700 •c>, with saall beating chlllber. 

12. Drua-tJP8 V9t grinding aill (ball aill), trpe BGAK/SB. vol1111e 
100 ctal, with aluaina balls. frr. B. Welte. This aacbine bas been 
regarded as part of the future pilot plant equii:--nt. 

13. JB two-tier de-airing pugaill <vacuua extruder>, driven bJ 2.2 tw 
motor, froa Bdvards & Jones Ltd. Tbis .. chine was also dellnred 
for the pilot plant. 

14. Screw-trpe filter press, 15 cbmlbers size o. screen trpe 3. froa 
Boulton Ltd; also designed for the future pilot plant. 

In October 1985 the last itea froa th• priaary list of the ordered 
equipaent was received, naael1: 

15. Run-through ferro filter (wet .. gnetic separator for de-ironing 
slips), 110del 41. with rectifier. froa Franz co .• also for pilot 
plant purposes. 

In Januarf 1986 tvt1 additionallJ ordered pieces of laboratory equipment 
w.re delivered: 

16. Plasticity tester, design Pfeffertorn. froa Tonitechnit. for 
.. asur ... nts of plasticitr of clafs. 

17. Spectral prroaeter Optis, tree PB 05 AF2 (750-2.000 •c> froa ~•ller 
P,ro. 

At the end of April 1986 the nest three additional it ... of equipment 
were d•livered: 

18. lloisture determination balance. model Thermorar (infra-red 
principle) from ALS, llilano. 

19. Thermostat Regaterm, model RT 1000, froa ALS, llilano, for keeping a 
constant temperature during .. asur ... nt• of particle sizes bJ the 
sedimentation method, viscositr aeasur ... nts of slips, densitr 
measurements, as well as measur ... nts of water vapour adsorption of 
clays. 

20. Andre~sen glass apparatus <two pieces) for routine determination of 
particle size of fine grained .. terials, froa ALS, llilano. 

On 6 June 1986 the following important instruments were received, wbicb 
were ordered in November 1985: 
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21. I-rar diffractOlll9ter, consisting of I-rar generator llOdel 
lristalloflez 710, vitb I-rar tabe tne n 60 Ca 04, diffractOlll9ter 
model D501, recorder Kcmpeasograpb U, spimaer, spare I-rar tabe, 
••t• of spare parts for tb• generator aad tbe diffracta.eter, all 
frca Si-as. 

22. Carver laboratory bJdraalic press, model Cl2, capacitJ 10 tomaes 
from ALS, llilano. 

23. Abrasimeter, model Cescoai, ... afactared bJ ALS, llilano. 

The ezpert unpacked, aHembled, cbecbcl aad pat iat«> operation all of tile 
abon eqaii-at, ezcept tbe pagaill (13) and tile filter pnH (14) wbicb -re 
pat into operation bJ tbe ezpert ia tecbnolo~ and production of cerlaics, 
G. Leatei. Th• I-raJ diffractc.eter was anpacbcl, aHembled and pat into 
operation on 26 Jaae bJ a specialist from st-.s. 

For tbe bigb-preHare aatoclan (2), tile D'U/TGA. (6), and fort» 
gradient furnace (11> tile ezpert prepared detailed operating iastnctiou la 
written fora. Ia tb• operation of all otber equii-ent, tile coaaterpart staff 
tNre·trained on-tile-job according to ... afactar•r•' instnctioa• 1applled wltJa 
eacb piece of equii-at. 

PinallJ, it 1bo11ld be •ntioaed tbat a new laboratory furnace was 
designed and constructed under tbi• project from locallJ aYailable parts: 

24. ElectricallJ heated clamber furnace (300 z 220 z 550 -> vitb 
6 Globar beating •1-nts, for te11perat11r•• up tp 1,200 •c. 

C. Te1tipg •tbods 

Based on tbe available equii-ent, tbe following standard •tbocl• for tbe 
testing of non-11etallic rawaaterials, cer1aic• and refractories, bave been 
introduced at tbe Cerlaic Laboratory at DOii: 

<a> DTA up to 1,300 •c, to •uure tberaal effects on a •lllPl•. Tb• 
•tbod is suitable for all aaterial1 in wbicb beating or cooling caa1es &DJ 
cb .. ical reaction, polJllOrpbic tran1foraation or otber pb11ical pb~DOllenon 
(desorption, evaporation, relaxation) • .lltboagb tbe eqaii-nt allows to 1et 
various values for •a1aring par ... ter1, tbe ezpert proposed to use tbe 
following •• standard ones: beating rate 1 •1/aln; DTA recorder span 0.2aV; 
furnace par ... ter1 Ip • 5, T8 • 5; chart speed 120 -1b; 

(b) TGA up to l,300 •c to aea1ure tbe cbaage of aa11 of a tested 
1aaple. It can be applied to 1ucb aaterial• la wbicb ••J cb .. tcal reaction 
(ozidation, reduction, dec011po1ition e.g. CaC03 • CaO + C02 etc.) tate1 
place or a pbJ•ical proce11 occurs <evaporation, 1ubliaation), connected vitb 
a cbange of tbe ma11. .A.I DTA and TGA are la priuclple siaultaneou1, the 
proposed 1tandard par ... ter1 are 1lailar to those for D'?A. However, tbe 
precise TGA mea1ur ... at 1bould be adapted to tbe expected cbaage of a aa11; 

(c) TDA on beating up to 1,300 •c and on cooling, based on tbe 
•a1ur ... nt of tbe cbaracteri1tic cbaage1 la linear espan1ion or contraction 
at specific teaperature1. Tbl1 aetbod i1 1uitable to indicate all cb .. lcal 
reactions, polJllOrpbic tran1foraation1, and IOlle otber pb11ical proce11e1, 
1ucb a1 1lntering, in a tested •111Pl•. In tbe case of TDA tbe propo1ed 
1tandard beating rat• i1 5 •1/ain. furnace par ... ter• and chart 1peed are tbe 
,... H for D'f.l/TQA; 
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(d) Biaeralogical aaalrsis. ba•ecl oa the identification aad detaraination 
of cry9talliae pha••• ia rav aaterials aad products bJ .. aas of III> phase 
aaalr•ls. Ia thil case poMl•r diffraction .. thods were applied. vith cu~ alpha 
radiation <•i filtered). this is the 110st .ersatil• and reliable .. thod for 
aiaeralogical analrs••· first of all qualitativelJ, but ia some cases a s .. i­
quaatitatiY• or a.en quaatitati.e dataraiaation of Cl'J'Stallina phases is 
poHibla. 

Por the interpretation of OTA data, th• book Tbaraal TacbDiqaas bJ 
R • .J.V. llcLaagblin <available at th• Uni.ersitJ of Zillbabwe) ud for th• 
interpretation of TGI. aad TDA rHalt•. Mplied Cla1 llinaralop bJ a. E. Gria 
(aYailabl• at GS Libr&l'J') wre rac~ndecl bJ the arpart. For the 
identification of ainarals, DOii bas been provided vith a special "llineral 
potldar diffraction file search aanaa1•. aad "llinaral file workbook•. ID this 
var all interpretation of IRD diagr ... can be perforllecl oa tbe spot; 

<•> Daterainatioa of the linear expansion coefficient bebMaa 20 •c and 
1.300 •c of car.ale bodies. aad betwea 20 •c and 600 •c of ceraaic glu••• 
aad glues bJ -an• of the TDA apparata•. The par-t•r• are the •- u for 
DA. Tb• expert prepared tb• correction cane for tb• eqaii-nt and trained 
tb• staff ia testing aad calculating the tberll&l arpaasioa coefficient; 

(f) Datarainatioa of viscositr and thisotropr iadaz of cer.aic slip•. 
for this purpo•• Brookfield'• torsion viscometer is u•ecl. The expert gaY• •ls 
boars of lectures oa the i>t"Obl ... of viscositr .... ur ... a~• of non-m.wtoaiaa 
liquids aad prepared a written band-oat of five pages. All coaatarpart •taff 
wre trained oa-tha-job. ror keeping constant temperature of -••arecl slips. 
tbe thermostat <it• 19) should be used. At tbe expert'• reqaHt DOii va• 
supplied bJ tba aaaufacturer vitb a sat of literature oa visco•itr .. asur ... at; 

Cg> Grala size distribution of potldars la tbe range bet ... a 200 aad 53 µa 
bJ ..... of tbe laboratOl'J' sieYiag aacbiae. aad tbe set of sieves Cit• 4); 

Ch) Bending strength deterainatioa of greaa aad fired cer.aic bodies bJ 
.. an• of th• banding 1treagtb t••t•r (it• 8). The staff received on-tbe-job 
training in perforaing the tests and calculating tbe strength of tested 
bodies. The espert also de110nstrated tbe principles of llOdulus of elasticitJ 
.. asur ... nts. However, since for that purpose esactlr. rectangular saapl•• 
have to be prepared, it vas decided not to introduce this trpe of .. a1ur ... at 
in tb• Cer .. ic Laboratorr of DOii, f irstlJ because of the dif f icultie• in 
preparing proper saapl•• and secoDdlJ, because the ca••• vben such tasting 
aigbt be advisable would be verr rare; 

(i) Degree of vlaitaaess and colour .. asur ... a~~ of fired caraaic bodia•, 
same raw aaterials (also in powdered fora> aad slips. Th• counterpart staff 
wre trained on-tbe-job, using tbe aaaufacturer'1 instructions <Dr. Lange). 
Because of the bigb eff iciencr of the equipment, tbe .. asur ... ats are fast aad 
easr to perf ora. Th• equipment ba1 f ouad wide application in f ine-ceraaics 
testing; 

(j) PlasticitJ testing of clars bJ Pfefferkorn .. tbod. Although the 
.. tbod itself is not regarded as standard it bas verr wide application ia 
plasticitJ testing because of its relative siaplicitJ. The staff were trained 
cn-tbe-job; 

<t> Behaviour of same ceraaic products under high-pressure water vapour 
<the autoclave .. tbod). The espert prepared additional, detailed operating 
instructions for the proper handling of the autoclave, because the ones 
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proYided bJ the auaufacturer W9r• not sufficient. Th• autoclaYe bas been 
adapted for craze resistaace tests of wall tiles and tableware. Tb• tests 
W9re perform.cl under pressure up tp 630 kPa, according to tbe British 
Standard• (&Yailabl• at SACA); 

(1) Linear change .. asur ... nts on drring and on firing (shrinkage) of 
ceraaic bodies and rur .. terials, and sinterabilitJ of some refractorr raw 
.. terials bJ .. ans of tbe bigh-t.aperature laborator1 furnace <up tp 1,650 •c> 
or th• gradient furnace <up tp 1,300 •c> haY• found YerJ vide applications in 
th• testing of ceraaics aad refractories (see AS'DI Staadards Yol. 17/1912, 
&Yailable at ID and SACA). After on-the-job training, the counterpart st.aff 
haYe been perforaing n ... rous tests of this tind; 

<•> The sillple "pellet .. thod" of refractories corrosion testing bas 
been adapted. It was applied for corrosion resistance testing of refractory 
ralllling .. sses for lining gold ... 1ting farnaces; 

(D) lleasur ... nt of aoisture content in cla1s and ceraaic .. sse• on 
saples irradiated bJ infrared ra1• (fast-balance •tbod). This .. thod ls 
Yery sillple aad the staff W9re trained on-the-job; 

(o) Particle-size .. asur ... nts of clar• and ceraaic slips bet.lea 60 and 
2 11• bJ the Andreasen •thod <sediaentation principle>. The .. asu~t• haft 
been perform.cl according to the "Standard .. tbods of testing lfo. 2, .llldreasea 
pipette •thod" froa the British Institute of Ceraalcs. The brocbure is la 
the possession of DOii; 

(p) lleasur ... at of true and apparent porosltJ, densltJ, and apparent 
densitJ bJ water soaking and h1dro1tatic •asur ... nts. Tbe staff W9re trained 
on-the-job. Tbe Ceraaic Laboratorr has been proYided for this purpose vitb 
the brochure "Standard .. thods of testing »o. 7: Tbe .. asur ... nt of true and 
apparent porositJ and percentage closed pores• from the British Institute of 
Ceraaics; 

(q) Soluble salts deteraiaation bJ boiling a powdered saple in 
distilled water; 

<r> Water vapour adsorption of cla1s. After drring at 110 •c to the 
constant weight, the cl&J' 11aple is put into a dessicator over a saturated 
solution of Rael in water, and tbe gain of ..... caused bJ water adsorption in 
tbe saaple, is .. asurecl after 41 hours; 

<•> ror the .. a1ur ... nt of the esfoliation abilitJ of veraiculite and 
tbe espansion coefficient of perlite on beating, a siaple .. thod ba1 been 
adopted: a raw 1aaple, placed in a crucible, i1 put into tbe cbaaber furnace 
and heated to 90 •c. Tbe bulk den1it1 of tbe cbarge i1 coapared before and 
after beat treablent; 

Ct) Cbeaical analr••• of non-11etallic rav aaterial1 and product• ha1 
been performed at tbe Cb•ical Laborator1 at DOii for aanr rears. the 
Laboratorr ba1 proper equipment, •killed 1taff and long esperience in 
analrtical cb•i1tr1; 

(u) Petrographic aicro1cop1 ba1 been applied at DOii onlJ to a verr 
liaited estent, because of tbe lack of proper equipment. thin 1ections w.re 
prepared at as, and onlr aorpbological and testural ob1ervation1 were aade in 
IOlle CaHli 
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(y) S'lai-qaaatitatiYe spectrograpbic aaal1sis has been performed at GS 
bJ ..... of aa old spectrograph of tbe Q24 tJpe on sa.. samples as a source of 
aduitional information on their cb .. ical compositiODi 

<w> ror testing cla1s and kaolins, CCJllPlez .. thocls of testing haYe been 
applied. Besides routine tests lite ChA. <t>. OTA <a>. TGA (b) and XllD <d> the 
following haYe been used: particle size analJsis <o>. rheological tests of 
slip• vitb and vitboat deflaoccalants <f>, casting rate of slips to plaster 
moulds, plasticitJ .. asar-nts (j). ror farther unfired propertiH: colc••~ 
co-ordinates (i), extrusion moisture content, critical moisture content, 
linear drJiag contraction (1), 8Ddalus of rapture (bJ beading) of test pieces, 
extruded and dried at 110 •c (b). Por fired properties (after firing test 
pieces at 1,100, 1,200 and 1,300 •c>: linear sbrintage (1), open porositJ (p) 
and balk deasitJ, llOdalas of rapture (b), and colour co-ordinates (i). All 
results have been recorded on a "Sa11ple log sb .. t"i 

<z> Vitb tbe laborator7 bfdraalic preH <• .. it .. 22) vitb an 
operational capacitJ of 10 toaa••· CCS can be .. asared under tvo coaditioas: 
if the tested sa11ple is .. cbuicallJ not Yer7 strong and if its croH section 
is not large. Por example, if a sa11ple has a standard circular cross section 
of 30 .. di ... ter the applied pressure .... t not be higber than 15 llPa. 
BOtNYer, tbe press can be used for pressing saall pellets. To press a 15 ..... 
di ... ter pellet, up to 62 llPa can be applied; 

(J) Abrasion resistance of cermaic <or refractor1> .. terial can be 
deteraiaed bJ the Cescoai abrasi .. ter (see it .. 2S). Por tbis kind of 
detel'lliaatioa 1maple1 sboald be cat to fit the sbape of the holder, or be pat 
into resin and formed to the proper shape. This tJpe of test is t.port .. at for 
sa.. read1-aade cer .. ic aaterials or refractories. 

All .. thods based on application of the pilot-plant •1aipmeat were 
adapted by the expert in production and technology of cer .. ics (post 11-02). 

D. Training of counterparts 

Tb• aain effort was put on the on-the-job training of the counterpart 
staff, first of all in the proper operation and aaintenance of the equipment 
and in testing .. thods of non-11etallic raw aaterials. Por that parpose the 
expert elaborated additional operation instruction for the autoclave, the 
DTA/TGA equipient and th~ gradient furnace. 

The expert also prepared and gave lectures on more cOllplex .. tbods of 
testing, n ... ~;: 

(a) Thermal .. tbods (DTA, TGA, TD.l); 

(b) Rheology of non-lewtonian liquids <vi1co1it1>; 

(c) IRD-phase anal11is <aineralogical analrsis). 

It was also found bighlJ advisable to give lectures on the background of 
tbe technologf of cer .. tcs and refractories, theoretical and applied, as well 
as on the processing of non-11etallic aineral raw aaterials. Th• lectures, 
altogether 40 hours, were prepared bJ t~• expert and delivered between 
15 Januarr and 20 K&J 1986 <see annex V). Seventeen pages of handouts were 
trped and distributed to the counterpart staff. 

Proposals for fellowship training of tbe project's counterparts were 
worked out and subllitted to the national project co-ordinator. 
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1. Technical and •cieatiflc ipforaatioa 

DOB bas no properlJ' fuactioniDg library. There h. bowenr. one rOOD ill 
vbicb •OM old boou and journal• are •torell. Up to the arriYal of th• ezpert 
practicallJ' no boob on tbe proceHing of non--tallics or on ceraaics wre 
aYailable in tbat libr&r)'. Th• ezpert •abaequeatlf •ugsested to UllIDO to 
order •OM journal• on ceraics and to baJ' •OM boob that wald be u•eful ill 
tbe current wrk of the Ceraic ;.aborator,. In 1915 DOB began t.o recein tbe 
following journal•: Iada•trial llineral• • .loarnal of the Americaa Ceraic 
Societ1. l!alletia of the Americaa Cer•ic Societ1. Cer•ic .&b•tract• and 
Britisb Ceraaic Traa•action• uul .loaraai. l'rGll ..ong •5 titl•• of scientific 
and technical boob. vbicb tb• ezpert propo•ecl to UllIDO to order, DOB obtained 
2• titl••· &llOng tb• HY•D booklet• OD •taadard Mtbod• of tHting. l'rGll tb• 
badget aatborized for local parcbue, tbe ezpert boagbt at Baran 12 tecbaicel 
boob related to tb• objectin• of tbe project. Tbat ftJ' tb• libr&r)' at Dell 
receiYecl altogether 36 boob aad fin periodical•. in addition to vbicb tb• 
ezpert obtained. on reqae•t, free copi•• of a ... roa• article• (e.g. on 
Yi•co1itf •uuremat), brocbar•• on eqai,...t aad one free periodical, 
Iaternatioaal LaboratorJ. 

Tb• libr&r)' at GS, vitb vbicb DOB co-operate•. ii wll orgaaizecl aad 
directed •inlr toward• geolou. There are 1cme boob oa claf• uul optical 
petrograpbf. vbicb •f be of •OM UH at DOB. Unfortaaatelf. tbe libr&r)' at 
GS ba1, for UDf fear•, Dot been •applied vitb Dev boob OD topics of interest 
to DOB. 

Tb• libr&r)' at Diil poH•H•• a amber of interesting boob, &llODI tb• 
•OM oa aiaeralogical analf1h, on DD, aad a few boob oa ceraaic•. Tb• 
libr&r)' h supplied frca ti• to ti• vitb boob granted bf tb• Brithb 
Council. lhlMroa• boob are Oil a peraaaeat loaa frca tbe llaia Libr&r)' of tb• 
Uai1•r•itJ' of Ziababwa. BowYer, tbere i• IOM difficaltf ia a1ing tbat 
librarr, becaa•• tbe catalogue i• arranged ia alphabetical order bf th• first 
letter of tbe title of tbe book. 

Tb• llaia Librarr of tbe UaiYer1itf of Ziababw9 can be regarded a• a top 
level libr&r)'. llaDJ boob oa iatere1tiag topic• are available, &llODg th• on 
ceraaic1, oa DD, oa non-metallic rav •terial1 etc. Tb• Libr&r)' i1 supplied 
vitb aaaf periodical• oa 1arioa1 topics, aaong th• almost all periodical• oa 
ceraaic1. Tbere are Y•rf good author'• aad subject catalogue• of boob, u 
w.11 •• catalogues of all periodical•. It i1 po11ibl• to u•• the boob aad 
periodical• on aa iaterlibrariaa leadiag ba•i•. 

Tb• librarr at CASA po••••••• all updated Briti1b Standard• a• w.11 a• 
1taadard1 of the Allericaa Societf for re1tiag and llaterial•. CASA i1 Y•rf 
well equipped aad Oil• caa buJ copi•• of tb• 1taadard1. CASA i1 located ia th• 
viciai tr of DOii. 

r. eo-ouratiop with th• igdu1ta 

Tb• ezpert visited tbt following plants, vbo11 activitie~ are coaaected 
vitb tbe application of llOD-11etallic aiaeral rav aaterial•, eitbtr as a 
COllpODtat of their products or a1 a part la tbt coa1tructioo of furnaces, 
kiln• or other equiPllfllt: 

Ca> 9 ' W Ipdu1trial liperal1 at Harare - upgrading •OM aoa-eetallic 
rav •t•rial1 •inlf bf cru1biag, ailltag and grain 1iz1 cla11ificatioa. 
Tbtrt are ao f actlitt11 for tbe proce11iag of rav aat1rtal1 at btgb 
tt11perature1 (e.g. calcining •&•••itt); 
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(b) llorbel Potteries at Harare - aanafactare of tableware. Th•J use 
refractory lining for their furnaces. as tMll as so-called kiln furniture 
(supports. plates. casings. boz•• etc.). The tiln furniture is aade froa 
blgb-almalna cermics. scmetimes vitb cordi•rit• bond. Casings are 
aanufactured froa carborundua-cootaining cermics; 

(c) llosaic Tiles (Stuart) at Harare - ll&llufacture of wall tiles. tests 
of readJ .... de tiles on •crazing" tMre perform.cl at DOii bJ the autoclave .. tbod; 

(d) Eartbenfire (Grab .. D&Yies> •t Harare - -•facture of .. inlJ wall 
til••· Tiles "9re tested at DOii under variou• condition• in tbe autoclave . 
.... roa• te1t1 on tben1&l ezpeasioa of cermic bodies and glazes were also 
performed; 

<e> ALFA Bricks <lloaat "91eden Brickworks) close to Harare - aanafactare 
of building bricks and floor tiles. U. local brick claJ• "9re tested at DOii 
and foand suitable for tile -a•actare of wall tu... Th• ezpert 111gge1ted 
tbat ti!• bricks or til•• froa llDUDt lllmpdea should be tried for acid-resistant 
coastractioas; 

(f) Zt.Dho1 at Harare - ..aafactare of sulpbaric acid, pbo1pboric acid 
and pbo1phate fertilizers. Acid-re1i1taat ceraaic1 are used as a coastruction 
.. terial in warioas parts of the plant. One of tbe products of Ziaplao•, 
phosphoric acid, finds an application as a binder in refractory ceraaic1; 

(g) Circle c ... nt at Harare - aanafacture of Portland c ... nt uacl 
agricultural lble (bJProdact). All refractorJ' lining for two rotarr kilns is 
imported. The ezpert pointed oat that some of th• iaported .. terial caa be 
substituted bJ tbe locallJ aade refractories froa Cl&JProd11ct1 at Balava10; 

(h) Ziagla1s at Gweru - 11&11afactare of glass containers. Th•J do not 
encounter &DJ probl ... vitb refractories, although all are iaported, because 
their electric tilD1 are relined •V•rJ' three J•ar• and for that purpose 
special .. 1t-ca1ted refractorJ' blocks are ••ed. HDtMver, th•J iaport 
20,000 tonnes of calcite eY•rJ' J••r, and in tbe ezpert's opinion this 
situation should be rectified as soon as possible, because tbere are deposits 
of calcite in Zillbat... All other raw .. terials for gla11 11a11afacture are 
local (ezcept sodiua carbonate). Plans ezist to develop in the near future 
the aanuf acture of frit1 and glazes for tbe ceraaic indu1trJ'; 

<i> Vlll1gr0Ye at Balaw&JO - 11&11afactare of tableware and wall and floor 
til••· The production is bated entirelJ oa their own local deposits of raw 
aaterial1. The onlJ it ... vbicb are iaported are glaze• and refractories; 

(j) Trojan Bindara Mickel Co. at Biadara - processing nickel and cobalt 
ore, aanuf acturing .. tallic nickel. All refractori•• for tbe lining of 
aizer1, converters and electric are furnaces are iaported. Som. of tbea could 
be substituted bJ locallJ aanufactared refractories; 

(k) Radcliff Castables ~t Radcliff. This is a saall factorf 
aanufacturing refractorJ grog, r ... ing aiz•• and ca1tables, aainlJ froa used 
recrcled bigb-aluaina bricks and shapes, •• well a1 cbra..-aagne1ia and 
aagnesia bricks and shapes froa Zi1co1teel and imported refractorJ' aluaina 
c ... nt1 "C ... nt rondu", "Secar 70" and "Secar 80". Besides, tb•J aanufacture 
aluainosllicate crucibles, vbicb are pbo1pbate bonded. Tbe onlJ coaponent 
laported for this purpo1e is andalu1ite, vbicb in future can be replaced bJ 
local calcined kranite; 
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U> ClaYProducts at Bulan~. their aain products (70I. of annual value> 
are alaainosilicate refractories, .. inlJ of nor11al-clut1 qualitr: bricks, 
Yarioas tJPe• and 1bape1 1 among tb- special sbapes <e.g. 1a11pended tiles, 
springer blocks, funnels, raaners etc.), •• w.11 as nor.al-clutr fire-claJ. 
For tbe .anufacture of tb••• refractories Cbireclzi flint clay, Rvange 
fire-clar and Gwaai claJ are used. Tb•J aan.ufactare also so-called 
"cla~-cast" sbapes or refractorr coacrete 1bape1 1 coataining fire-clay grog 
and as a binder bigb-alaaina refractorr c ... nt (either "C...nt Fonda" or 
'"Secar 70"). Tb• bigb-alaaina refractorr c ... ats are being illported. 
Following tbe •zeert•s suggestion, a trial on tbe application of boulder 
corandaa froa Concession Kine as a bigla-qualitJ grog bas been started; 

<•> Ziscost .. 1 at ledcliff - tbe aain cons11119r of refractories in 
ZillbabwA: alaainosilicate, bigb-alaaiaa. aagaesite, cbra•• aagnesite and 
silica refractories. Except normal-duty fire-claJ refractories (froa 
ClaJPrOdacts) all others are illported. nae aaa.ag ... nt of tb• st .. 1 plant 
requested tbe ezpert to belp in solYing tbe probl• of •palling tbe runners 
froa Cl&JProdact• daring st .. l casting; 

<n> Lonrbo Gold S..ltiag Plant at Harare. nae writer vu ••Iced to belp 
in 9o1Ying tbe probl• of easy corrosion of the refractorr lining of gold 
... 1ters 1 because recently applied r..aing aiz '"ledcast 1600", maaufactared bJ 
ledcliff Castables, used as a substitute for earlier iaported &lldalusite-alz 
did not bebave so v.11 during HrYice. nae ezpert adYised Loarbo to ••• alzH 
c011pOsed of tyanite calcined at 1,•50 •c and plastic fire-clar as a binder, or 
calcined boulder coraadaa grog and plastic fire-claJ. 

At DOii the ezpert gave adYice on tbe aan.ufacture of graphite crucibles 
and prepared a two-page ia1tractioa for tbis purpose. 

G. THted nplH 

At tb• begiaaing soae laboratorr te1ts were perforllecl on saaples 
available at tbat tiae, coaing aainlJ froa G & V as c01111ercial saaple1 
Csaaples •o. 109-111, 120-122 and 12• in the following table) and a f.., others 
delivered bJ individual enterpreaeurs. OD 3 Decellber 1985 co-operation with 
ZllDC started on the "Geological Inventorr of ZillbablM" under subcontract 
llo. P851•2. and aore than 100 1aaples of various aoa-aetallic rawaaterials 
w.re delivered bJ ZllDC for te1tiag. ror th• compilation of the variou1 data 
and te1t results, special "Saaple log sheet•" were prepared at DOil, on wbich 
all details were entered. Tb• te1ted 1aaples and tbe aetbod applied are given 
in th• following li1t. 



Saaplt 
llo. 

l 

2 

3 

4 

s 
6 
., 
8 

9 

10 

11 

12 

13 

u 
lS 

16 

11 

11 

19 

20 

Saaplt• of non-91talllc alneral aat1rl1l• 
and a1tbod1 of tt•tlng tbta 

KU.hod_ Jtf__b•tln& IL 
llattrlal I b c d t f I h l j k l • a 0 p ' r I t u v w z J z 

Corundua Cbouldtr - Conctaalon) + + )l/ - )l/ + - -

Bauzltt (Ptnbalonga) + + + + 

Bauzltt CBulava10> + + - + - - - - - - + 

Garntt - - + 

Bentonltt (Zaaudlo) + + + + + 

SpodU11tnt (Blklta) - - - + 

Ltpldolltt (Blklta) 

AablJgonlte CBlklta> - + 

Petalltt (Blklta) - + -
Pollucltt (Blklta) - + -
Ptld1par (Blklta) - + 

Plre-cl&J CHwange-drllllng) I + + - + - - + - - - + - + 

rlre-claJ (Hwangt-drllllng) II + + - + - - + - - - + - + 

Plre-claJ (Hvangt-drllllng) III + + - + - - + - - - + - + 

Barltt (Guruvt) - - - + - -

PlJatb (Hwang• Power p~,~t> + + - - + 

Calcite Cll1aaapanda) + + + + - -

Doloaltt (lu1hlnga) - - - + - -
laolln (Cbakarl> + + - - -- - - - + + 

Llae1tone (larlr Wora> - - - + - -

continued 

N 
N 

I 



Sap le 

llo. 

21 

22 

23 

2• 

25 

26 

21 

21 

29 

30 

31 

32 

33 

3• 

35 

36 

31 

31 

39 

•o 
•l 

llattrlal 

lla1a11lt1 (l1d0111) 

Talc (lwekve) 

P1ld1par (8orrovdal1) 

V1ralcullt1 (lyazura) 

Ball Clar (81ltbrld11> 
S1rlclt1 (llt. Darvin) 

Pluor1par (Cblredzl) 

rllat claJ (Cblredzl> 

Grapbltlc pJropbJlllt• 

Iapurt talc (Pbll1bu1l) 

ll11a11lt1 (81ltbrld11> 

ClaJ (Ruteado) 

Dlat0111c1ou1 1artb (Cb,.ut1l) 

Loarbo r ... lag als11 
Runner brlcta froa Zl1co1t11l 

Corundua (81ltbrldg1) 
Spldot1 (81ltbrldg1) 

Garn1t CB1ltbrldg1) 

Unatlt• (81ltbrldg1) 

Pluorlt• (81ltbrldg1) 

llontaorlllonlt1 (Gvanda) 

Httbod of t.,.1&1t&.1lun .. 1~1/i;...., _____ _ 

I b C d I f I b l j t l a D O p q r I t U Y W S J Z 

- - - + - -

- - - + - -

- + 
t + - - + 

+ + + + + + + + + + + + + + 

- - + 

+ + + + + + + - + + + + + 
N 

+ + + + - - "" I - - - + - -
+ + - + - -

- - - - - - - - - - - - + 

+ + + + 
+ + + ... + + + + 

+ + + + + + + + + 

- + 

- - - + 

- - + 

- - - + 

- + 

- - - - + 

contlnu1d 



Saaple 
llo. 

•2 

llaterlal 

Perlita (Beltbridge) 

•3 1r1nlt• (lJ llin•> 

•• Rough quart& (lli1tre11) 

45 Petalite (lli1tr•••> 

u 
41 

•• ., 
50 

51 

52 

53 

54 

55 

56 

Peld1par CKl1tre11) 

Cr11talline llae1tone CBoabod&a) I 

Crr1tallin• liae1tone CBOllbodza) 11 

Crr1talllne liae1tone (Boabodza) 111 

Quartz (rough) (TOT) I 

Quartz (rough) (TOT) I 

coar•r crr1talline calcite (Roao> I 

Coar•r crr1tallin• calcite (Rogo) II 

Coar11 cry1talline calcite (Rogo) III 

Yeraiculite (lJ lline> 

lranlte (lJ Kine> 

57 lranlt• + veralcullt• + corundum (lJ) I 

58 lfanlte + veralculite + corundua (lJ) II 

59 Kranlte (Devera> 

60 Graphlte (LJDZ) I 

61 Graphite (LJDZ) 11 

62 Klca (Hendren) 

63 Klca (llerie> I 

64 Kica (lierie) II 

Method ot t•1tlna 1/ 
I b c d • t I b l j t l • n 0 p q r I t u v w z y z 

+ + + - + 

+ + + -

+ -

+ 

+ 

+ + + + -

+ + + + -

+ + + + -

+ -

+ - . 
+ - N .. + + + 

+ + + t- - I 

+ + + + -

+ + - + 

+ 

+ -

+ -
+ 

contlnued 



s .. p1e lltb2~ 2f t11tin1 1l 
llo. llaterial a b C d e f g b i j k 1 a D 0 p q r I t U V W Z 1 & 

6S Doloaite (Gundl) I + + + + - -

66 Doloalte (Gundi) II + + + + - -
67 Doloaite (Gundi) III + + + + - -

61 Doloalte (Alaata) I + + + + - -
69 Dolaalte (Ala1ta) II + + + + - -

10 Dolaalte (Ala1ta) III + + + + - -

11 Dolaalte (Alaata> IV + + + + - -
12 Doloalte (Gundl Part) I + + + + - -

13 Dolaalt.e (Gundl Part) II + + + + - -
1• Doloaite (Gundi Part) III + + + ... - -
75 laoltn (Carn Brae) 

N 
+ + + + - - - - - - - - + - UI 

16 relate kaolin (Carn Brae) + + + + - - - - - - - - - + 

11 Yerd\te/ep\dote (Conceaaion) + + + + 

11 lalc/taolin (Conceaalon) + + + + - - - - - - - - - + 

79 Co~undua (Concea1ion) + - - + - -
10 Quartz (~ougb) (Slaa 3) I + -

11 °'9art& (rough; cs1 .. 3) II + -

12 Barrte (Dodge> I 

13 Barrte (Dod;~> II 

I• Quart~ crratala (Ulva rara) I 

IS Quart& crr1tal1 (Ulva rara> II 

16 Quartz crratal• (Ulva rara) III 

11 Talc (Wad&anat> I + + + + 
continued 



Suaple lltba~ gf t11tin1 ~l 
llo. Katerhl a b c d e f I b i j k 1 a D o p t r • t u V w Z J Z 

•• Talc (Wad&anai) II + + + + 

19 Apatite CDorowa) I - + - -
90 Yeralcullte (Dorowa) I - - - - + 

91 Apatite CDorowa) II - + - -

92 Yeralcullte (Dorowa> II - - - - + 

93 reld1par <alcrollne> Blklta I - + 

9• Feld1par (alcrollne) Biklta II - + 

9S reld1par talcrollne) Blkita III - + 

96 Ll .. 1tone (Hougbto~) I + + + + -

91 Ll .. 1tone (Houghton> II + + + + - N 

"' 98 Quartzite (Ku1bandlke - Sebakwe) + - I 

99 Baryte (Argo11> - - - + 

100 Ll .. 1tone (Falcon li .. ) + + + + -

101 Quartzite Cfel1ite) (lh01Mt) I 

102 Quartzite (fel1ite) (lboaet) II 

103 Prlaarr kaolin (Chlred&l) + + + + - - - - - - - - - + 

lCM Weathered basalt (Chired&l) + + + + 

105 Serpentine Cverdlte) (Great DJke) + + - + -

106 Mepbellne - 11enlte (Karangudzl) ·- + -

101 Dunlte (Great Dyke> - + -

108 Serpentlnlzed dunlte (Great DJke) - + -

109 rtre-claJ (Hwange) + + + + + + + + + + + + + + 
continued 



Saaple l!lb2d 2f lllliDI ll 
llo. Hat.erlal a b c d • f g b i j t 1 a n o p Q r 1 t u v w s J z 

110 ClaJ (Gwaal> + + + + + + + + + + 

111 Ziababwe Tboap1on Kaolin + + + + + + + +·I- + 

112 laolinitic clay froa Cernol Cbeaical1 + + -

113 Brick ClaJ (Ht. Haapden) - greJ + + + - + + + + + + 

lU Brick claJ (Kt. Haapden) - red + + + - + + + + + + 

115 Brick claJ (Kt. Haapden> - average + + + - + + + + + + 

116 Brick claJ (Ht. Haapden> - green + + + - + + + + + + 

111 Brick claJ (Brooaberg> + + + 

118 Talc (Cernol Cbealcal1) + + + 

119 laolln (Penbalonga) + + + 

120 Yeraiculit• (G & W) 

121 Dolocite (G & W) + + + 
122 Bentonlte froa Tanzania (G & W) + + + 

123 laolln (Zaaudio) + + + + + + + + + + 

12• Ball clay froa Tanzania (G & W) + + + + + + + + + + 

•' Tbe lower-ca•• letter• refer tn the aetbod of te1tlng de1crlbed ln 1ectlon C above. 

~I Tb• 1,abol (+) aeans tbat the te1t wa1 done, (-) that the te1t 11 to be perforaed. 

+ + + + 

+ + + + 

+ 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ 

+ 

+ 

+ + 

+ 

+ 

+ + + + 

+ + + + 

~ 

N .... 
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II. CONCLUSIONS 

A. Samples of non-119tallic mineral raw materials 

Alaaina •i~erals 

Corundua 

Two different samples of corundua were tested: crrst•l corundua froa the 
Beitbridge resiou (sample 36) and aicro-cr~stalline boulder corundua froa the 
Concession Kine (suaples 1 and 79). Boulder corundua, vbicb bas been ained 
for aanr rears, is of greater importance for its wider industrial application. 
the teated samples contained 84.4T. Al2o3 and 3.8'" tio2, onlJ 2.at. Sio2, 
2.9'" re2o3, a few per cent of cr2o3 and ainor 1110unts of cao, BgO and 
120· A piece cut from the unifora suaple bad the s ... tberaal ezpansion 
coefficient as polrcrrstalline corundua ceraaics up to the testing t9S1P9rature 
of 1,250 •c. Another suaple did not show either peraanent linear changes or 
aelted edges after firing it up to 1,500 •c. Extensive inforaation on corundua 
in Zimbabwe was published bJ I. R. llorrison in 1972 (see annex II>. 

?akin~ into account the properties of the above suaples, the expert 
suggests that boulder corundum froa Concession (samples 1 and 79) should be 
used as refractorr grog for the aanufacture of high-dutr and super-dutJ 
refractories and r ... ing mixes. It would be advisable to calcine luaps of 
corundua at temperatures up to 1,250 •c and to select unifora, not melted 
pieces for f2rtber processing. 

lJanite 

three saaples of kranite from two different deposits were tested: two 
from the existing mine at IJ (suaples 43 and 56) and another one from Devera 
(sample 59). the samples from IJ Kine are of a verr high qualitJ. ther 
contained 61.3T. Al2o3, 37.5T. Sio2, 0.6T. re2o3, 0.2'" ltgO and onlJ traces 
of alkalis. During transformatioo tests it was found that after firing at 
1,350 •c the densitJ was 3.05 gtcml, after 1,400 •c 3.02 g/cml and after 
1,450 •c also 3.02 g/cm3, whereas the raw saaple had a densitJ of 3.66 g/ca3. 
This raw material, after calcining, can be regarded as a high-grade component 
for special technical ceraaics, particularlJ for high-alumina refractories. 

Verr interesting results were obtained with the two saaples from IJ Kine, 
marted as "tranite + corundua +vermiculite" (57 and 58). After separation, 
the resulting heavier part <about 40T.) contained about 87T. Al2o3, onlJ 6T. 
Si02 and negligible amounts of other contaainants. This part is suitable 
for the manufacture of bigb-qualitJ mullite-corundua refractor1 ceraaics. 

Bauxite 

two samples of bauxite were deliver•d for testing: one from the existing 
Penbalonga Kine (sample 2) and another from the Bulavaro region <sample 3). 
the Penhalonga bauxite contained 55.ST. of Al2o3 and shoved a verr high LOI 
(22.5T.). Tb• XII> diagramme shoved onlJ traces of quart~ and muscovite and a 
large amount of I-raJ amorphous substance. It contained also 10.3!. re2o3• 

the saaple from the Bulawaro region contained 41.0T. Al203, 44.9t. Si02 
and bad a much lover LOI <12.9t.). IJlD indicated that the main crrstalline 
component was kaolinite with a verr distorted lattice, vbicb could be 
attributed to metahallorsite. Other components appeared onlr in ver1 small 
amounts, e.g. re203 about 1.3T. and quartz in traces. 
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The Peohalooga bauzite aight be further processed into pure aluaioa or 
used in the aanufacture of bigb-aluaioa refractor1 c ... ot. Th• CCJllPO•itioo of 
·tb• seapl• of bauzite froa the Beitbridge region suggests that. tbis aaterial 
aight be suitable for direct use in the aaoufacture of aluaioosilicate 
refractories because of its high aluaioa content and low content of re2o3 
and alkalis. It a&J also find an application in the aanufacture of ceraaics. 

Aluainosilicates 

Kaolin 

Seven seaples of kaolin tMre tested: Chakari (seaple 19) and its 
commercial fora, Zillbabw9 ThOlllon kaolin, froa G & V (111), Carn Brae (75) 
and Caro Brae falsie kaolin (76), priaarr kaolin froa Chiredzi <103), froa 
Penhalonga (119) and froa the private COllpanJ Zaaadio (123). 

The qualitr of Chatari kaolin (19) is tMll blown, because it ha1 been 
sold on the internal aartet and ezported &1 ThOlllon kaolin (111). ChA 
coofiraecl its high content of A12o3 (about 34~) viler••• DTA, TGA. and J:ID 
tests indicated that the basic COllPOD•Dt i1 kaolinite. Al the seaple1 
contained about 1.5~ re2o3 and oolr ... 11 amount• of alkalis, this tJPe of 
kaolin bas been suitable for a&nJ technical ceraaics and refractories. 

Three seaples, Carn Brae kaolin (75), felsic kaolin (76) and priaarJ 
kaolin (103) from Cbiredzi did not cont~in kaolinite traceable bJ XII>. The 
first two contained aainlr quartz. f~ldspar and illite, vbereas the third 
contained p:rrozenes, feldspar anc. traces of quartz. 

Another three samples appeared to contain aaiDlJ kaolinite. Th••• were: 
kaolinitic clar from Cerno! Cheaicnll (112), kaolin froa Penhalonga (119) and 
"taler" kaolin from Zamudio (123). The latter contained also soae amount of 
talc. All three samples are interesting as possible raw aaterials for cermaics 
and refractories. 

rire-clars and ball clars 

Seven samples of fire-clars and ball clars were tested froa four deposits. 
There were four samples of fire-clars froa the Bvange region: one seapl• froa 
the aine (109) and three froa geological drilling (12-14). All four samples 
contained well crrstallized kaolinite as a aaio COllpODeot, in various 
proportions. Th•J also contained quartz, and a ... 11 1110uot of illite. The 
highest content of A12o3 was f ouod in the sample ~rom the aine and in one 
froa the geological drilling - 33.7~. All samples contained a ... 11 amount of 
re2o3 (about l~), about 0.5~ Cao and 0.1~ llgO, but about 2.5~ Na2o, and 
onlr traces of K20· The fire-clar froa the Bvange region should be regarded 
as a good material for the manufacture of fire-clar refractories. 

Flint clar from Cbiredzi (saaple 28) can be considered a verr good raw 
material for the manufacture of aluainosilicate refractories. It contained up 
to 39.5~ A1203 and onlJ small amounts of cootaainants: re203 up to 0.2i.; 
Cao up to o.s~; KgO up to 0.3~; Na20 up to 0.2i. and K20 up to 0.2i.. the main 
component, kaolinite, shoved a well-ordered crrstal structure. Some aaount of 
diaspora was also present. No other ainerals were fcund bJ XII>. 

One saaple of ball cl&J was delivered froa the Beitbridge Kine (25). this 
very plastic cl&J is commerciallJ available in Zimbabwe. ChA indicated an A1203 



---~---------------·--- -··-

- 30 -

content of up to 341. and onlf small amounts of contaainants: about 11. of 
Fe203; 0.51. Cao; 0.2" llgO; 0.13" Ma2o and traces of 120· XRD indicated 
that the .. in cClllpOnent was kaolinite vith distorted lattice, a saall amount 
of illite and possible .ontllorillonite. Traces of quartz and feldspar were 
also present. 

t-.o seaples delivered bf ClaJProducts of Gwaai claJ, "Pipe claJ" and 
"Ladle claf" <seaples 110), tNtre quite siailar in their ch .. ical c011pOsition 
<up to 26-29" A12o3 ; 3" re2o3; 0.51. Cao; 11. llgO; 1.51. Ma2o> and in 
aineralogical c011pOsition (kaolinite, quartz, ... 11 amounts of illite and 
feldspar). 

Graphitic p,rophJllit• 

The delivered saaple (29) w&s found to contain .. inlJ talc and saall 
amounts of clinochlore and graphite <onlJ about 21.). 

Bentonite 

Four saaples were delivered for testing: bJ :Z..Udio (5), froa the GVaada 
region (41), weathered basalt froa Cbireclzi <102) and iaported bentonite froa 
Tanzania (122). Frcm the point of Yiev of aineralogical cmaposition the most 
interHtlng and proailing smples were: <a> :Z..Udio <5>, which contained u a 
aain component dioctahedral llODtllorillonite of nontronite trpe with calciua 
interlarers. Peculiar for nontronite is a high content of iron ozide. in this 
case 5.18" re2o3• The saaple contained also a ... 11 ..aunt of fine grained 
quartz; (b) the sample frcm the Gvanda region (41), which contained as a .. in 
cmaponent a aized larer of llODtllorillonite-chlorite aineral, traces of 
kaolinite and small aaounts of quartz and feldspar. The other two saaples 
vill probablJ have no relevance as raw .. terials: the first one because its 
aineralogical cmaposition is not suitable (102), and the second because it is 
iaported (122 > • 

Brick clar• 

Siz samples of brick clars were tested (32, 113-117). M11118rou1 
technological tests were performed on four samples of brick clar• froa 
Kt. Hampden <near Harare) (113-116), vitb regard to their possible application 
in tbe manufacture of wall tiles. Prom tbe mineralogical point of view they 
contained small 1110unt1 of kaolinite, quartz, feldspar and illite. ?ber 
contained about 18.51. Alz03; 71. Fe2o3; 51. Na20 + 120 and 531. Si02· 

Feldspars 

The high quality of Zimbabwean feldspars is well known and some of the 
deposits have been ained for many years. For testing 1iz samples were 
delivered: four from the Bikita Kine (11, 93-99), one from Borrowdale (23) 
and one from Ki1tress Kine (46). All Bikita samples contained mainly 
microcline and only 111&11 amounts of such unwanted components like Fez03 
(0.29") and Ti02 (0.171.). they have pertite character. The sample froa 
Ki1tres1 Kine (46) contained albite and only traces of Fe203 and Ti02. The 
last 1aaple from Borrovdale (23> had also aicrocline and pertite character 
and contained only traces of Pe203 and rio2• Tbu1 all the 1aaples could 
be regarded as very good raw materials for ceramics, glazes, glass and other 
applications. 
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Lithiaa-bearing ainerals 

Zimbabwe bas a t10rld-vid• reputation as a producer of litbiaa ainerals. 
This concerns the Bitita Kine, fro. vbicb four samples V9re brougbt for 
testing (6-9): spodamene (6), vbicb contained 5.6!. Li20; lepidolit~ (7) 
vitb 1.94!. of Li20 and 5.25!. of lb2'>; lllbl11onite (8) containing 2.15!. 
Li2'> and 45.lf. P205; and petalit• vitb 2.26!. Li2'>. Apparent petalite 
froa Kistress (45) 1id not contain Li2'> and appeared to be albite, vitb 
10.9~ of •a~. 

Cesiaa-bearing ainerals 

An interesting sample of pollucite froa the Bitita Kin• (10) contained 
22.44!. of Cs20. 

Veraiculite 

PiY• samples of Yeraiculite wre obtained for testing: froa ~azara (26), 
froa ~J lline (55), two froa Dorova (90 and 92), and one c.-rcial fram G & V 
(120) • .All haY• been tested, especiallJ their grain size and ezfoliation 
factor. 

llagnesiaa and calciua carbonates 

llagnesite 

'ho saples of aagnesite wre deliYered for testing: froa hdoaa (21) 
and froa the Panda Kine, near Beitbridge (31). Whereas bdoaa aagnesite had 
alreadJ been anal1sed bJ Budiair and Vlajcic <••• &DDez II) through ChA, DTA, 
llD, I-raf aicroprobe and technological tests, ... cb less was Jcaown about Panda 
Kine aagnesite (31). It vas found that this aagnesite, vben coapared with 
bdoaa aagneslte, contained ... ch less calcia, onlf about 0.5t.. Tbe aain 
contaainant se-d to be silica of about 5f.. Hawver, selected vbite saples 
could be regarded as a V•l"! pare aagnesite (LOI• 50.0f.). other pieces of the 
saple were apparentlJ contaainated bJ talc. llor• tests with this interesting 
aagnesite are necessarf. 

Dolomite 

•umerous samples of doloaites wre delivered. Tbese were: froa Rushing& 
(18), Gundi Part (65-67 and 72-74), .Alaska Kine (68-71) and ailled doloaite 
from G & V (121). Th• last one could be regarded as al.Jlost pure dolomite, with 
minute ezcess of calcite, LOI • 45.4!.. .All other doloaites appeared to be of 
calcitic character (~ith ezcess of CaC03). GenerallJ theJ contained onlJ a 
small amount of Fe203 <less than 1.0f., and tor .Alaska eYen less than 
0.2S). Tbe best, with the highest LOI and the lowest Si02-content appeared 
to be Alaska dolomite III (70) LOI • 44!. and Gundi Part V (73) LOI • 45!. and 
Sio2 • 44!.. After dead burning, thef aight be suitable for linings of blast­
osnen furnaces. 

Ll .. stone and calcite 

Altogether 11 saaples were delivered: calcite froa louten Back <17), 
li .. stone from larlJ Worm (20), cr11talline li .. stone frora Bollbodza (47-49), 
coarselJ cr11talline calcite froa logo (52-54), li .. stone frOll Boughton (96 
and 97), and li .. 1tone froa Falcon Li .. 1 (100). Siz of th .. appeared to b• 
calcitic doloalte1, with variou1 proportion• of caco3 and 11gco3 (1aaple1 17, 
52-54, 96 and 97). Saaple1 17 and 52-54 contained onlJ ... 11 1110unt1 of F•2'>3 
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and Al~3 <about 0.51.). Tb• purest SUIPl•s. containing onlr calcite. w.re 
tboH froa Falcon <loo>. ao.bodza <"8> and Earlr Vora (20). 

llagnesiaa silicate• 

rroa U1Dng seYen SUIPl•s of talc onlr three appeared to be pure talc. at 
least to scme ertent: two froa Vadzanai (87 and 88) and one froa Cernol 
Cb-icals (ll8). All otbers - froa lwebM (22). illpare talc froa Filabasi 
(30). talc/kaolin froa Concession (71) and a SUIPl• froa G & V (125) -
contain~ considerable UIDUDts of aagnesit•. and in one case (71) also 
clinocblore. three •UIPlH froa Great DJb: Hrpentine/nrdite (105). dunite 
(107>. and serpentinized danite (108) contained 52-58f. Sio2 and 30-321. llgO. 
Danit• (107) contained considerable U1Dants of Al~ (7.•t.> whereas 
serpentinized danite bad more tban 8f. of· re~. Serpentine/Yerdite (105) 
.. ~to be Y•rJ pare. containing onlr 3.151. re20]. vitb a LOI of 7.1~. 
?be proportion of llgO : Si02 was 0.52. Tb• highest proprotion of 
llgO : Si02 • 0.66 was found la serpentinized dunit• (101>. anfortunatelr 
vitb a bigb content of re20] (8.2f.). It ii doubtful if tb•H rocks could 
be regarded as raw aaterials for tbe aanufactur• of forsterite refractories. 

Silica 

Quartzite 

EleYen •U1Ple1 w.re deliY•red for testing. bat two of tb .. baYe not r•t 
been tested (101 and 102). The most contaainated SUIPl• VH "rough quartz" 
froa Kistress <••>. It contained onlr 75.361. Sio2 and 1bOll9d a Y•rJ high 
LOI of llf.. It is possible that tb• aYerage •UIPl• taten for CbA was 
particularlr cont .. inated with clay. To obtain quartzite of better qualitr. 
it would be advisable to vasb it vitb water. 

?be highest content of Sio2 vas found in rough quartzite• froa the TOT 
deposit (50 and 51) and froa s1 .. 3 (80 and 81) - up to 93.lf., as w.11 as froa 
Ulva Fara <8•-86) - betw.en 88.•f. and 93.~. ?be quartzite froa llaahandite 
Ranch (Sebaltwe) (98) also bad a high content of Sio2 - 89.lf.. HOW9Yer, all 
teated saaple• were cont .. inated either vitb clar ainerals <•U1Pl•• 85, 86 and 
98) or vitb feldspars <•U1Ple1 50, 51, 80, 81 and 8•>. ?be content of re2o3 
was found to be verr low (0.1-0.lf.) in •U1Pl•1 ••, 80, 81, ••-86 and 98. It 
can be concluded that most of the above-11entioned quartzite• are suitable as 
raw aaterials for the cer .. ic and refractories industries. 

Diatomaceous earth 

A SU1Ple of diatomaceous earth (33) froa Cheautsi Deposit, Cbirnndu, bad 
been tested in 1915 bf a. D. llorton <see annes II>. DTA, TG.A. and XJtD analrsis 
performed under tbe project indicated the presence of traces of quartz and 
feldspar. LOI was comparativelr low, onlr 7.31.. To establish the value of 
this aaterial, further technological tests are necesaarr. 

Other smlH 

Apatite 

Two saaple1 (89 and 91) were delivered froa Dorova Kinerals. ChA 
indicated that th•J have a siailar coapo1ition. The deposit at Dorova i1 
ained and apatite beneficiated on an industrial scale. The upsraded aaterial 
i1 beins sent to Ziapho1 for the aanuf acture of phosphoric acid and aineral 
fertilizers. 



- 33 -

··~e 
roar SlllPl•s wre delinred for testing: one froa GaruTe (15). tvo 

SlllPl•s fraa Dodge <12 alld 13) alld one fraa Argosr (99). Tb• latter (99) 
contained onlJ 1.171. Bao and 92.5~ sio2. Tb• ... sured densitJ was onlJ 
2.9 g/csl. It was obTioas that it could not be regarded as a b~e. Tb• 
•111Pl• from Garun (15) contained 18.06T. BaS04; 6.16T. Sio2 alld onlr 0.571. 
re20J· After beneficiating this b~• call be regarded as a proper raw 
.. terial for farther processing (mechallical for b•aYJ drilling ... ds alld 
chemical for otber purposes). two samples are still being tested (12 and 13>. 

nuorit• 

n.o •111Ples were tested: OD• froa llacoosa-cllired%i (27) and one froa tbe 
Beitbridge region (40). Tb• first one (27) contained 90.26T. ear2• oalJ 
O.OA Si02 ud 0.43T. re2o3 as well as 0.24T. PbO. It could be regarded 
as a llo. 2 ceraaic grade aac! .. tallurgical grade -t•rial. The second sample 
(40) could be hardlJ regarded as a fluorite. as it contained ODlJ l.68T. Cao 
ucl 4.a• r. bat 52.5• s102• 32.• il2o3 aacl 10.21T. 11go. 

Grapbite 

two •lllPlH froa LJU lline (60 ucl 61) are still being tHted • 

.. pb•line-•r•nite 

OD• •lllPle (106) from the llaraagadd co.pleE neu Beitbriclge was allalJHcl 
bJ CbA. It was found to contain 7.41T. ••-.?'>· 6.5• ~o. 2.66T. cao. o.51T. •co. 
as well as 59.16T. Sio2 alld 18.1• ilz03. bat a considerable mount of 
P•2~ - •.SIT.. It aight be used as a raw .. terial ia sach cases (glass. 
glazes> where a high re2~ content call be tolerated. 

Perlite 

OD• •111Pl• (42) from the Beitbridge region is being tested. 

PlJ asb 

PlJ ash from Bvallge Pow.r Station (16) was tested and foand to contain 
2n il2o3 bat also 5.15T. re2o3, 6.44T. cao, ~ •a2o and 6.35T. P2o5, witb a 
LOI of 9.lT.. Tb• conclasioa is tbat it caaaot be ased for refractories 
aanufactare, bat should be tried as a COllPOD•at for wall tiles, floor tiles, 
baildiq bricks alld Portland c-nt. 

Geperal coaclasiops op tested s•eples 

Although the testing of •111Ples is still in progress, one can conclude 
from the results obtained ap to aov that the couatrr possesses various 
al1111iaa-beariag raw .. terials vilich, ia the future, .. , constitute a basis for 
the develop119nt of aev technologies sach as the prodactioa of bigh-al1111iaa 
saper-datr and high-duty refractories, technical ceraaics, special ceraaics, 
refractorr c-ats aad concretes, aiaeral wool aad fibres, aiaeral binders etc. 

•1111erous s1mples of aluaiaosilicates indicate that it will be possible to 
substitute all iaported raw aaterials for the aaaufacture ceraaic bodies and 
glAzes used ia tbe tableware and saaitarr-ware industries, as well as for the 
.. aufacture of wall tiles. 
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V•rJ' interesting and proaising are .. gnesites. botb froa ladoaa and 
especiallJ froa Beitbridg• wbicb ba.e not J•t been sufficientlJ eYaluated. 
llost probablJ tb•J can laJ tbe basis for tbe de.eloi-ent of a Zillbabwean 
iadustr, of basic refractories. considering tbat tb• otber CCJllPODent of sucb 
refractories. cbroaite. is abundant in tbis countrJ. 

The tests of n ... rous samples of carbonates indicate tbat there are good 
doloaites. in wbicb tb• •tallurgical industr, aight be interested. Of •Yen 
higher i11pOrtance are 11-stones vitb a higb content of calcite. Some of tb .. 
contain onlJ traces of re20:t and aigbt be interesting for the glass and tb• 
ferro-cbrCllle industries. 

8. lqui1911t and •tbods of testing 

Th• equii-ent deli.erect under tbe project peraits to carr, out Yarious 
tests on non-11etallic rav .. terials and products. ParticularlJ illportant are 
-tbods of aineralogical anal1sis lite DD. DTA. ?GA and '!DA, wbicb are 
compl-•tlrJ to CbA perfor.d ia tbe Cbeaical Laborator, of DCll. It 1bould 
be stressed. bOM1nr. tbat CbA is done -i•lJ bJ tbe .._t •tbocl•. tile 
existing .. uii-at of tbe Cbeaical L&borator,. wbich peraits a fut uul 
precise so-called instramental anal1sis based oa phJ•ical principles, does not 
complJ with the standards of a aodern analftical laboratOrJ'. 

ID terms of staff, •thods and .. uii-nt. the Ceraaic Laborator, at DOii 
is now able to perfora a series of basic tests on ao11-9111tallic rav aaterials 
uul products and to adapt others for wbich tbe existing equii-nt can be ased. 
Bowyer, refractories and their rav aaterials cannot be properlJ tested dae to 
a lack of the necess&rJ eqaii-nt. Al.so, pilot-scale tests of ceraaic and 
refractories tecluaologies are practically illpossibl•. because ~h• neces•&rJ 
space and equii-nt. especiallJ high-temperature furnaces are not aYailable. 
other tecluaical facilities, such as all kinds of M>rtsbops, are also 
insufficient. 

c. Technical and scientific i11for11&tion 

Al.though there is no proper librar, at DOii, it i1 possible to obtain 10.. 
of the nece1s&rJ technical and scientific information froa tbe libraries at GS, 
DIR, SACA and tbe llain Librar)' at the University of Zillbabwe. The periodicals 
and boots obtained under the project can be regarded as a first step towards 
tbe e1tabli1blle11t of a technical information centre on non-metallics at DOii. 

D. Co-onration vttb tbe industa 

This co-operation started al.Jlost at the beginning of the project, and a 
vari•tJ of probl ... were 1ubaitted to tbe Ceraaic Laborator1, 1ucb as: 
evaluation of 1uaple1 of potential raw .. terials; advice on the substitution 
of iaported raw aaterials bJ d011e1tic ones; advice on tbe proper use of 
refractories; advice on tbe technology of refractories <see annex VI>; testing 
of ceraaic products; requesting DOii to .. nufacture sOlle special refractorJ 
products etc. The interest of the industrJ to co-operate with DOii in tbe 
field of non-metallics bas been peraanentlJ growing. 
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.&nnez I 

JOB DISCllPTIOll 

Post title: Expert in testing. classiffing and evaluating non ..... tallic 
raw -terials 

Daration: 'nMlYe 110nths 

Date required: &eril 1985 (subject to th• delinr, of equii-ent iD th• field) 

Dat1 station: Harare. with traYel within the countr, 

Parpose of To provide technical assistance to the laboratories of the 
project: Department of lletallul"g7 in testing. classiffing and 

evaluating non ..... tallic raw -terials. in pattiDg Dev 
equi(lllllnt into operatioD and training local technician• to 
operate it 

Daties: The expert will be attached to the laboratories of th• 
Department of lletall•r&7 and will speclflcallJ be expected to: 

(a) Studf all reports available OD local non ..... tallic raw 
-t•rials; 

(b) Select those deposits of non-11etallic rav aaterials vitb 
the 110st potential; 

<c> A9sist tbe laborator, in selecting. erecting and 
operating additioaal equii-ent needed for testing and 
researching into non ..... tallic rav aaterials; 

(d) Introduce to the laboratories standard .. tbods for 
te1ting non ..... tallic raw aaterials; 

'•> Conduct laborator, tests OD selected non ..... tallic rav 
aaterials; 

(f) Train counterpart personnel to test. classifJ aDd 
evaluate non ..... tallic rav aaterials; 

<1> IdentifJ training needs and rec01111end training 
progr .... s for local engineers to test. classifJ and 
evaluate non ..... tallic raw .. terials. 

Th~ espert will also be required to prepare a final report. 
setting out tbe findings of the aission and recom1endatioas 
to the Gover1111ent on further action vbicb aigbt be taken. 

Qualificatiops: Silicate engin•er, or equivalent, witb esperience in testing. 
classifJing and evaluating non-11etallic raw aaterials 

LIA&uage: Inglish 
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UPORTS OM LOCAL --llEULLIC Ull llATDll' S 

AllDllSOll, R. a. A handbook oi useful inforaation regarding base ainerals. 
Bines departllent bulletin 6, 1962.• 

.l.Dllual Report of Chief Government Bining Engineer and Chief Inspector of Bines 
Southern Rhodesia, 1958.• 

111uw, M. I. The deteraination of RhodHian economic ainerals. Geological 
SUrYeJ bulletin 42, 1956.• 

COHiii, B. I. Processing of ltyanite or•• in Ziababwe. 1983. \Sl/ZDl/82/801) 

lllGEL'Dl&LER, Z. A. Project identification and formalation in the field of 
electro-ceraaics and sanitary ware. 1983.• 

GDLICII, B. The quarterlJ progreH report for tile period of ti• from 
27 Bar to 31 .&agust, 1985. (DP/ZDl/83/006111-0U• 

GDLICII, B. The second quarterlr progreH report, conring period of time 
fcoa 1 September to 30 MOY ..... r, 1985. (DP/ZDl/83/006/11-01)• 

GDLICU, B. Technical progress report for tile period of ti- from 
1 Decellber 1985 to 31 Barch, 1986. (DP.ZDl/83/006/11-01>• 

BARBU, P. v. and R. L. BATES. Geologr of tile non--tallics. lletal bull&tin 
<•ev York), 1984.• 

ll>UISOll, I. R. Corundua in Rhodesia. Geological HrY•J - aineral rHourcH 
series Mo. 16, 1972.• 

ll>UISOll, I. R. Some aluainiua ainerals in RbodHia. Bineral rHources 
series Mo. 18, 1976.• 

ll>RTOll, R. D. Report on diat011&ceous eartb production and che11atsi 
diatmaceous earth propertJ for z.a.o.c. Harare, 15 Februal')' 1985.•• 

PBA.UP, A. I. Ch•ical analJHI of the rocb, orH and ainerab of RbodHia. 
G19logical ••rv•J bulletin 71, 1973.• 

VLA.TCIC, J. !.Q!l I. BUDlllIR. Strengthening goven111ent support ••rYices in 
non--tallic aineral sector. Investigations on tbe possibilitJ of 
beneficiating of local rav magnesite for tbe production of basic 
refractories. 1985. <DP/Zill/83/006)• 

V.&allER, s. B. Check list of tbe ainerals in Rhodesia. Geological 1urve1 
bullttin 69, 1972.• 

ZlltA, z. Preliainarr •••••,..at of tbe tecbno-econoaical conditions of tbe 
po11ibilitie1 of processing aluainosilicate/kaolin concentrate vitb the 
view to obtain bighlJ coapetitive end products, for ezaaple, electrical 
insulators, aluainiua-silicon alloJ etc., 1983. (Sl/ZDl/821801/11-03)• 

•Documents available at Department of lletallurgJ of tile Bini1tr1 of Bines, 
Harare. 

••Documents available at Department of lletallur1J of the Bini1trJ of Bines, 
Harare and Zimbabwe Kining Development Corporation, Harare. 
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Aanez III 

llilllULS AIR> ROCU TO BE DICLUDED D THE "GEOLOGICAL DVitil'!ORY OF ZIJllWlWE" 

A. Rav aaterials for the cer .. ic industry 

the following raw aaterials aaf be used for the production of fine 
cer .. ics. sanitarr cer .. ics. technical cer .. ics. refractories. special 
cer.U.cs. glass and building cer .. ics. 

1. ilaaina-bearing ainerals and rocks 

1.1. Corundaa <A1203> - For th• refractories industrr <corundaa and high­
alaaina refractories. aelt-casted refractories>. for abrasiYes and 
special cer.aics. 

1.2. Diaspore. gibbsite <ilO<OB>. il<OB>3> - For the refractories indu•trr 
<corundaa and higb-al-ina refractories. refractorr alaaina c-t•>. 
for special cer.aics and ia the cheaical industrr as "911 as for 
al-ini- .. tallarlJ. 

1.3. Bauzit•• - For refractories (high-alaaina refractories>. refractorr 
c ... nts. cheat.cal iadustrr. Also poor alaaina bauzites should be taken 
into account for industrr. aluaini- .. tallarlJ. 

1.4. ~1apite. silliaanite. andalusite <A12sio5> - For high-datJ al-ino­
silicate refractories. mallit• aanufacture bJ •intering or .. lting. for 
special technical cer.aics. electroporcelain. aineral fibres <trpe 
"Pibrefraz">. al-iai- .. tallurgf. 

1.5. ~alin• - For ll&DJ branches of the cer .. ic industrJ and especiallJ for 
fine-cer .. ics. some technical ceraaics. refractories. as well as for 
a&DJ other applications (e.g. as filler in the paper industrr. co ... tic• 
etc.). 

1.6. Rallo1site - Application lite kaolins (to a liaited eztent). 

1.7. Cla1s <or fire-clays> - General rule: the higher the il2o3 coateat 
of a claJ and the lover the content of Fe203. P.O. Cao. ~20 and •a20. 
the better the qualitJ of a claJ. 

the aain c011pOnent of such clars should be kaolinite. th•J aar have 
either plastic character - so-called "ball clars" (e.g. Beitbridge claJ) 
or non-plastic ~haracter <"rock" appearance> - so-called "flint clars" 
Ce.g. Cbiredzi and Cbivuaburu flint clars>. 

th••• t1pe1 of cl&JI are basic raw aaterial1 for al-inosilicate 
refractories. for fine-ceraaic1. 1anitar1 ceraaic1 or technical cer .. tcs. 

1.8. Brick clay1 - th•J are perhap1 of l••••r importance to th• project, 
bovever, tb•J are vide-1pread in the couatrJ and u1ed for tbe 
aanufacture of building ceraaic1, brict1, roof tile1, floor tile1, wall 
tiles etc. 

1.9. Ill\tes - U1ed a1 a c011pOaent la fine-cer .. tcs. 
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2. Other aluainosilicate raw aaterials 

2.1. Feldspars:· potassiua, socliua. calciua and SOiie lithiua aluainosilicates 
(albite, orthoclase, aicrocline, anortbite and petalite, spoduaene, 
lepidolite, eucriptite) - For the glass industrJ and the aanufacture of 
ceraaic bodies, glazes and frits. 

2.2. Nepheline sxenite - For the glass industrJ, as well as for glazes and 
frits. 

2.3. Feldspar sands - Application as feldspars. 

2.4. Talc - For electrical ceraaics (steatite - dielectrics), cordierite 
ceraaics, refractorJ ceraaics and for other purposes, e.g. co ... tics. 

2.5. Cordierites - For special cordierite ceraaics vi.th a low theraal 
expansion coefficient and cordierite refractories vi.th high tberaal 
shock resi1~ance. 

2.6. Yeraiculite - Por theraal and acoustic insulation (after ezfoliation). 

2.7. Bentonites (110nblorillonites) - Por special purposes in the ceraaic 
industrJ, in foundries, in geological drilling, in the food industr,- etc. 

2.8. Zeolites - Although theJ have no .. jor application in ceraaics tb•J are 
used in various other branches vbere their ion-exchanging and adsorbing 
properties are useful. 

2.9. Industrial garnets - Por abrasives. 

3. Silica-bearing ainerals and rocks 

3.1. Sb!.•rtz (110no-cr1stals) - For electronics and for silica glass 
aanufacture. 

3.2. Quartzite• - Por silica refractories <lining of coke ovens, furnaces for 
aeltiag glass etc.> for the aetallurgical iadustr,- <..ong others for 
ferro-allors>. 

3.3. Quartz sands - With a low content of Pe203 for th• glass and ceraaic 
industries. other quartz sands are used in building ceraaics, and the 
aanufacture of liae-sand <or silicate) bricks, for foundry 110ulds and 
for th• .. nufactur• of technical ceraaics, e.g. silicon carbide. 

3.4. Diatomaceous earth - Por thermal and acoustic insulations, in the 
cheaical an~ food indu~tries as an adsorbant etc. 

3.5. TridJ!!ite - For silica refractories. 

4. Silicates 

4.1. Wollastonite (C&Si03> - Used as a c911p9nent of various ceraaic bodies, 
lllDDg others for low-1011 electro-ceraaics and for ceraaic glazes. 

4.2. Qupite - ror basic refractories of forsterite trpe. 

4.3. rorsteritt <Kg2sio4> - ror basic refractories. 
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4.4. Zircon (Z£Si04> - Very Yaluab" rav .. terial for highlJ refractorJ 

4.S. 

s. 

cerlaic1, special technical 1. _. 0 -.tc1, ud •• a component of ceraaic 
glaz••· 

Ell!a•cite 
resistant 
reactors. 

Carbogates. 

<Be2Si04> - For highlJ refractory ud thermal shoct­
special cer .. ics, as Wllll •• special cer .. ics for nuclear 

oxides, and h1droxide1 of aagne1iaa ud calciaa 

S.l. fericla•• (llgO) and brucit• <11&<0&>2> - ror basic refractories 
(pericla1• tJpe or pericl•••-•pinelid• tJpe), •• Wllll as for other 
purposes (e.g. phar11aceutical ud ch .. ical industries). 

5.2. llagnesite - llainlJ for basic refractories <periclase-tJpe .. gnesite 
refractories or pericla1e-spinelide tJpe chr011e-11&gne1ite and 
aagne1ite-chr011e refractories> as ... 11 •• to SOiie extent in tb• building 
industry. 

5.3. Dol011ite - For basic refractories (lining of OX7&en convertors and 
rotary c ... nt kilns etc.), as ... 11 •• for other applications. 

S.4. Calcite. li .. stone ud chalks - For a·vlde range of applications: 
cerlaic and refractories indu1t~ie1, .. tallurgical industry, building 
industrJ, c ... nt industrJ, gla11 lndu•trJ, food indu1tt'J' (e.g. sugar 
indu•trJ), ch .. ical lndu•trJ (for various purposes, e.g. aanafactur• of 
soda, calciua carbide etc.). 

B. Minerals and rocks for other applications 

1. Sulphates 

1.1. Barite1 (BaS04> - llainlr for the ch .. ical industrr (white pigments) •• 
well •• for th• glass industrr and for the aanuf acture of bariaa­
alualnate c ... nts and cel1ian-tJpe cer..tcs. 

1.2. Celestine (Siso4> - For the cheaical industrr. 

1.3. GJp•ua (CaS04.212o> and anb1drite (CaS04> - Por the Portland 
c ... nt industt'J', the building lndustrr, •• a building agent in 
con~tL"Uctions, for the aanufacture of internal wall• in buildings, of 
plaster 110ald1 in ceraaic• etc. However, it should be taken into 
account, that gJPsua is being aaoufactured in large quantitie1 as a 
bf-product <or just a waste) bJ the phosphate fertilizers industrr 
(Zimphos). 

2. PboHbates 

2.1. Apatite - For the fertilizar and ch .. ical industries <aaoufacture of 
phosphoric acid, wbicb is also applied lo ceraaics). 

2.2. 19pazitt (Ce, La>P04 - A source of Ce02 and L&203, which pl&J a 
particular role in sOll't kinds of special technical ceraaics. 

2.3. Jtpotipt <YP04> - A source of T2o3, which plars some rcle in 
special ceraaics <•·I· tbe c011P9ntnt of tran1lucent al1111ina tubes for 
sodiua lamps). 

• 
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3. Qtber ainerab 

3.1. Crapbit• - All important cmaponent of so-called "graphite refractories", 
811DDg others used for the aanufactur• of refractorr graphite crucibles. 
Various other important industrial applications. 

3.2. Fluorite of fluorspar <car2> - Various applications aainlJ in 
.. tallurgJ and cbeaiatrJ, but also in the glass c ... nt and ceraaic 
industries. 

3.3. Sulphur <native> - For tbe cb .. ical industrr. 

c. ec...nts on other ainerals and rocts 

The ezpert baa not included various so-called .... tallic ainerals", vhicb, 
b011MYer 1 do baY• a vide application in tbe ceraaic industrr, e.g. cbroaites in 
llAllUfacturing basic refractories of the chrome-magnesite t:rpe; various ozides 
lite 11no2 , cao, Sno2 for ceraaic pigments and colours; or c~••iterite 
(Sn~l for special a .. i-coaductiag ceraaics; or Th02 for bigblJ refractor1 
ceraaics. 

In preparing tbe inventor,, prioritJ should be given to aluaina-bearing 
and aluainoailicate raw aateriala, because the probl .. of aupplJing ezisting 
ceraaic factories in the countrr (including one factorf aanufacturing norllal.­
dutJ aluainosilicate refractories> with suitable domestic raw aaterials a&J 
arise. 

Other non-11etallic raw aaterials should also be investigated, such as 
pegaatites, volcanic glasses and ashes, and perlite. 

Asbestos bas not been included, because its aining and processing 
iDdustrJ is verr well developed in Zillbabwe. 

• 



POSSIBLI IESDVES OP llOll-lllULLIC lllllD&LS DI ZilllWIWE 

Apatite 
Allblnonite 
Bar1tes 
Bauzite 
Brict-claJ' 
Calcite 
Celestine 
Corandaa 
Diatomaceous earth 
Doloaite 
Danita 
lpidote 
Feldspar 
Fire-claJ' 
Flint claJ'S 
Fluor spar 
Garnet 
Graphite 
GJPsaa 

Kaolin 
KJanite 
Li•stone 
Lepidolite 
llagnesite 
Ilic a 
llont.orillonite 
Wepbeline srenite 
Perlita 
Quartz 
Quartzite 
Serpentine 
Silica sand 
Talc 
Veraiculite 
ZeolitH 
Zircon 

llillion tonnes 

30 
0.1 
2 
3 

1,000 
~.5 

0.001 
10 
0.1 

1,000 
100 

1 
1,000 

1 
50 
0.01 

50 
10 

80 natural occurrence 
(bJ'-prod~ct of Ziaphos) 

100 
100 

1,000 
0.2 

10 
20 
0.01 

1,000 
5 

1,000 
1,000 
1,000 
1,000 
1,000 

100 
0.001 

100 
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LICtUllS AJID SBIWURS GIVEll BY THE UPDT AT THE DEPARtll!llT OP llETALLURG'f 

Cer .. ics as a construction material. 

thermal methods of testing non-aetallic rav aaterials: OTA, TGA, TDA. 

lheologf of non-Newtonian liquids, Ml applied in testing ceraaic slips 
and masses: viscositJ. 

Newtonian fluids. Laainar and turbulent flov. 

Non-Newtonian fluids: pseudoplastic, dilatant, plaatic. Ti .. factor: 
thixotropf and rheopeXJ. Bingh .. flov. 

'111>-pbase analJsis: identification and deteraination of cr,stalline 
phases. Mineralogical anal1sis. 

Cla1s - their aineralogf, structure, properties and testing. 

Unit operations and processes in cer .. ic technology: 

(a) Crushing and ailling; 

(b) Preparation of masses; 

(c) Forming; 

(d) Drfing; 

(e) Firing. 

SOll8 products based on non-metallic raw materials - the technology of their 
manufacture and application: 

Ca) Refractories, their systematics &nd methods of testing; 

(b) Silica refractories - raw materials and their properties. The 
manufacture and application of silica refractories; 

(c) "'.uainosilicate refractories - semi-acid, fire-clay, sillimanite 
Ckyanite), mullite, mullite-corundum, corundua. Rav materials and their 
testing. the tecbnologf of their manufacture and application. 



• 
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Annez YI 

TU PRODUCTIOll or llFRACTORIIS DI ZDIBABWE 

A. The present situation 

Raw aaterials 

the countrJ is rich in a Yari•tJ of good refractorr raw .. terials. This 
goes particularlJ for ezcellent raw .. terials for bigh-qualitf aluaina and 
aluainosilicate refractories such as corundua (for high-aluaina refractories 
and -•••s> tranite (for silli11&Dite-tJPe high-dut1 refractories), fire-clars 
of flint and ball tJPe (for high-dutJ fire-brict. and .. sses), as v.11 as 
kaolins. The estiaated deposits of SOiie of th .. 111aunt to hundreds of aillion 
tonnes, and ll&DJ of th .. are being alned. 

Other refractory rav aaterials found in Zillbabv. are aagnesite and 
cbroaite. llagnesite froa hdoma, bow.Yer, wbich ls of dolaaitlc character and 
contains a bigb percentage of calcia, cannot be used without treatllent for th• 
11&Dufacture of high-grade refractories. rurth•r interesting rawaaterlal9 
ae~: quartzites for the aanufacture of silica refractories; graphite for 
refractories of Pluabago-tJPe and crucibles; and another highlJ refractory raw 
aaterial such as zirconiua ortbosilicate <zircon>, about which tbe e:icpert 
could not obtain suff icientlJ detailed information. 

llanufacturers of refractories 

ttfO factories in Zillbabw9 are aanufacturing refractories. Claf products 
at Bulavaro uses for the production of fire-bricks and shapes of normal-dutr 
grade, .. inlJ for Zisco, onlJ local raw aaterials (fire-claJ). Th•J also 
aanufacture r ... ing .. sses and castables, tbe aain component of wbicb is grog, 
aade of local raw .. terials. ?be binding agent, aluaina or higb-aluaina 
refractorf c ... nt, is, bow.Yer, imported. 

The other, much saaller factor1 1 is ledcliff Castables, which 
manufactures mainlf castables and r ... ing .. sses on a siailar principle as 
Clar Products, but uses as a filler for castables and aasses rec1cled and 
crushed refractories (bigb-aluaina and aagnesite bricks) froa Zisco. tb~ 

refractorJ cement is also iaported. ledcliff also aanufactures pbospbate­
bound aluainosilicate crucibles. 

At tbe Depart..n~ of lletallurgr some cer .. ic aluainosilicate crucibles 
were 11&Dufactured for some ti .. , bow.ver, 110st of the refractories used in 
Ziababw9 are being iaported. 

resting and evaluation of rav aaterials 

The methods for the deteraination of tbe cb .. ical and aineralogical 
composition of raw materials adopted at tbe Department of Ketallurgf are 
aainlJ ch•ical analrsil, Dr.I., rca and ?DJ.. Although theraal .. thods are 
useful, tbe most versatile and precise .. tbod, llD, should be applied. 

rurtbermore, the tbet11al ezpansion coefficieat can be deterained. the 
bigb-t•perature laboratorr furnace perait• the deterainatioa of the 
sinterabilitJ of refractoriea, their porositJ and den1itJ after firing, and 
their secondarr volume change. It vas also found pos1ibl• to estiaate the 
refractoriness and 1lag-re1istance of refractorie1 bf the pellet .. tbod, again 
bf using the high-temperature furnace. 
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current involv ... nt of.th• Department of lletallurgr in the problem of 
refractories• production 

Since refractories are an essential structural part of all equipment 
working at high temperatures, particularlJ of various kilns, furnaces, 
crucibles, moulds etc. in .. tallurgJ, the Department of lletallurgJ should be, 
and is. activ•lJ involved in overcoaing probleas concerning the local 
production of refractories. 

ladOll& .. gnesite has previouslJ been tested under the project. With the 
introduction of new testing .. thods for refractories at the Department of 
lletallurgJ, co-operation has started with ZllDC on the evaluation of various 
raw aaterials, among others to establish their suitabilitJ for the manufacture 
of refractories. 

In addition, the Department of lletallurgr has started to manufacture 
graphite crucibles. First positiY• results haYe been obtained. 

8. lec0111111ndations for the develoJ!!!!nt of a refractories production 

The role of the Departllent of lletallurgx 

Th• Department of lletallurgr should concentrate on research on rav 
.. terial1 for refractories <qualitJ and suitabilitr>. on some technologies of 
refractories' manufacture, on the technologJ of their application in Yariou• 
industries, as well as on a saall-scale production of special wares. The 
reasons for this proposal are: 

(a) There is staff, vbo has been prepared to perfora these tasks in the 
future, although further training under UlllDO fellov1bip1, to gain tbe 
nece11ar1 experience will be neces1ar1; 

(b) Tbe Department is now quite well equipped and some additional iteas 
(e.g. XID) are expected to arrive soon. tbe laboratorr will thus be able to 
perform all nece1sar1 tests (especiallJ aineralogical anal11i1) of various raw 
aaterials. 

The question of equipment for tbe future pilot plant is still open. In 
tbe expert's opinion, it 1bould be equipped, first of all, for research in 
refractories, because, 10 far, onlJ a ... 11 quantity of one kind of noraal­
duty fire-clay refractory aaterial i1 being aanufactured in Zimbabwe, vbile 
local deposits of raw aaterial1 are i ... n1e and of a very good quality. 

In tbi1 context, tbe expert would lite to recall one of bl• rec01111enda­
tion1 in bi1 first quarterlJ report, namelJ that tbe pilot plant, cegardles1 
of vbat kind of ceraaic1 will be developed, 1bould be provided vitb a big 
chamber furnace for temperatures up to 1,600 •c. ror te1ting refractory raw 
materials a proper laboratorr furnace for PCI .. asur ... nt1 i1 indi1pen1able. 
The pilot plant should also be provided with a universal hydraulic pres1, botb 
for dr,-pre11ing and .. a1ur ... nt of coapre11ion strength of refractories and 
other 1tructural ceraaic1. 

?be Department of lletallurgf 1bould concentrate on 1olving tbe following 
probl ... in tbe near future: 

<•> to continue working on tbe aanufactare of graphite crucibles, 
considering the application of a pbo1pbate binder. Tb• staff of tbe Department 
vbo bave gained some experience in tbat kind of aanufacture, should be able to 
solve tbi1 problea verJ soon; 

• 
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(b) To inYestlgate tbe possibilitJ of direct application of boulder 
corund1111 fraa Conc•Hion Kine. in the fora of blocu or grog. as a refractory 
construction .. terial; 

(c) To deYelop other tJPeS of r ... ing .. sses. bJ using calcined kyanite, 
boulder corund1111 or silica as a grog; 

(d) To develop new tJP9S of al1111inosilicate r ... ing aasses with pboapbate 
bond; 

(e) To continue developing the production of ... 11 laboratory cerlllics 
c ... 11 crucibles. lids. supports, shapes>. bJ plastic and 1 .. iplaatic foraing. 
and firing at taperaturH up to 1.300 •c in th• electric furnace (with 
lantbal Al beating el ... nts); 

(f) To research into tbe tecbnologr of application of refractories. to 
advise users on tb~ir proper applications and prepare an inventory of users of 
refractories in ZillbablM. 

0.YelOJ!!!!Dt of tbe Fr9duction of al1111inosilicate refractories at CJa1 
Products. Bulmro 

During bis visit to Claf Products iD August 1915. the ezpert pointed oat 
to their aanager tbat vitb such 1Jood ravaaterials on the one band. ad acme 
ezperienc• in tb• aanufacture of refractories on th• other bad. it 1boalcl be 
easr for tb .. to develop tbeir production of alaainosilicate refractories botb 
in quantitative and qualitative ter111. bJ producing bigb-dutJ. super-dutr ad 
bigb-al1111ina refractories. ror tbat purpose tbe plant would bave to be 
llDdernized, ••peciallJ in tbe pressing and firing operations. 

For firing. tbe ezpert suggested to construct a new efficient tunnel tiln 
for temperature• up to 1.500 •c or even bigber. 

th• ezpert proposed tbat a stilled design engineer, vitb ezperience in 
tbe aluainosilicate refractories indust~ be invited. for not more tban one 
110ntb, to studr tbe existing situation and possibilities and to advise tbe 
coepanr on vblcb new equipment sboald be installed. Bis report sbould be tbe 
basis for all future action • 




