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ABSTRACT 

The work on the project US~ING OF RAW AND CALCINED MAGNESITE ORE (Ref. 

DP/ZI.i.I/83/006) has been done during the period 25.04.1987 through 

22.08.1987, a total of 17 weeks. 

n.e objective of two eXJ?erts mission was to assist Zimbabwean Gove:nnment, 

to carry out semi-industrial investigations, and to explore technical vi-

ability of a beneficiating technology, developed earlier, for reducing • 

high lice content of Iadoma rmr magnesite, enabling thus its use for the 

production of hifh quality basic refractories, In addition, as many re-

levant input data !or the preparation of the feasibility study should be 

collected from_this work, as possible. 

Semi-industrial tests consisted of precalcining of different sizings of 

the ore, taken i'rom regular production of Iadolll& mine • at different 

working temperatures, and of processing of obtained calcined material 

by aeleative hydration process. 

the investigations have been carried out in two steps: 

- Trial tests, aimed at determination of optimal oporational conditions 

for the :main test, and 

- Kain test, in the course of which about 170 t of raw magnesite have 

been calcined and processed. 

By applying the ~rocea of selective hydration following semi-products have 

been obtained (starting material : calcined magnesite had 6.23 ~ CaO): 

Semi-product Quantity Lime .Content Lime r;duction 
t " SP - A 22.4 3.67 - 37.4 

SP - B 19.l 4.64 - 20.0 

SP - C Z?.4 9.16 + 59.2 

By simple additional processini (tumbling+ screening) of semi-products 

•A•, aud •B•, new semi-prodvcts of improved quality have been obtained: 

Semi-product Recovery Lime Content Lime Reduction ,, 1- 1' 
SP - A~ 20.20 3.34 43.2 
SP ., BT 29.45 3.46 41.2 

Semi•produots SP-A~, and SP-BT, according to th9ir chemical composition, 

belong to the group of magnesite conosntrates, which enable the produc­

tion of high quality dead-burned magnesite, and basic refractory bricks • 

. I . 

.. 
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Seci•:product "C", des~ite of its high li~e content, re~resents a valuable, 

salable :product, which is used as an additive to fertilizers, but it has 

many other indust~ial ap~lications, as well. 

~e results, obtained from these semi-industrial invest!gations, have con­

firmed, that the selective hydration ~rocess can successfully used for up­

grading of Kadooa raw magnesite, fully justifying the test work done, also. 

It h83 been rocommanded: 

l. to carry out the II. ~hase of semi-industrial investigations with u;­

graded semi-:products ( rtJ t of SP-A, and 6 t of SP-B) in order to deter­

mine the optimal operational conditions for: a) ;roduction of dead-burned 

magnesite1 and b) of basic refractorJ bricks (from semi-product S&..A); 

2. to explore the domestic, and foreign (S.ADCC-, and PTA-) markets, and to 

prepare a precise MARKET SnJDY; 

3) the reserves and the quality of Iadoma magnesite (max. l ~ of Si02, and 

max. 4 ~ of CaO) to be checked and confirmed by GEOLOGICAL S~RVEY,B arare; 

4) to prepare, if the II• 11hase of semi-ind.investigations proves to be 

successful, a feasibility study for COJDI!lete ~roject; 

5) employ the additions of existing staff with De,partment of Metallurgy, 

enabling them to specialize in the fields of ceramics and refractories; 

6) to provide additional equipment for Department of Uetallurgy, enabling 

more comprehensive investigations in the field of ceramics and refrac­

tories to be carried out; 

7) to cezry out the investigations on the viability of domestic raw J1B.te­

rials for the 11roduction of high alumina rofractories; 

8) to provide most important scintific literature (books and journals) 

for the fields of ceramic and refractories. 

-. - . - . - . ~ 
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I..· IlimQDUCUOB 

£. Baokqoupd 

!:etraotoriea belcmg t.o t.he group of st.rategic material.a, which are iD­

diapuaable for t.h• lini.:ig of induatrial kilu for t.he production t>f: 

at.eel, f'erro-allo7a, nOJl f'erroua met.ala, c•ent., lime, glaaa, oermica, 

et.a. llam1' comt.ri•a iJ1 t.he world would like to haTe their OWJ1 produc­

Ucm ot refraotoriea, in order t.o illcreaae t.heir eoonomical indepeDdence, 

and to impron toraip exohage ait.uat.i0J1. fhia ia especially the oaae 

with th• comtriea, like Ziababwe, disposing oyer reach r• material re­

aouroea, auoh aa: Mapeait.e, ohrome ore, graphite, qanit.e, ba11%it.e, 

ailimanite, corrundum, tire clqa, et.o. 

iegular proclucUOD. of lad.oma {Bct.011 1&1'11) JUiZl••it• or• haa a content 

of ~ per oent. of liae, ad- o-.s-1.0 i>•r cent. of ailioa, respeoUveJ.7. 

lhile auch a ailioa 00J1tent. ia accept.able for th• product• out of 11&t.ll­

ral mapeait.ea1 t.he aat.ion•d lime cont8Jlt. ia ut. oDJ.,y T•'Z7 high, but., 

ill addition to that. UUTal.7 apread U well, making t.hWI t.he uae Of 

auch dead-burned magneait.• for the product.ion of retractori•• Terr li­
mited. !hia becauae of t.he fact, that. the high lime cont.at react.a with 

t.he humitlit.T froa the air, cau.ahg t.h• cieaintegration of shaped product.a. 

Iadoma Jiiin• ezploit.a natural aagneait.e tor Ill.moat. two decades, but this 

la prevailinal7 ued for th• manuf'aot.ure of ref'ractoriea out.aide of Zim­
b&bw•• rua ore haa a tn>ioal ap:pearuce of a brecoia, contaiJLing magne­

ai t.e frapumt.a, whit.• t.o gre7 in colour, binded b7 t.he dark gre7 material 

iD fora of a nett.work of yeiJla. Ka&n•ait.• trapenta are of aat.iafacto17 

purif.T• BiJJ.ding material, oonaiating of a mixture of dolomite and magne­

lit• with the higher conom:atration of lime, ahowa higher oOD.tm:at of liae 

than the ore 1 ta elf. 

!he size of mapeai1.• frap8Jlt.a T&l'J' from a few lllilillletrea up to a fn 

centimetres. fhe ore ia pret.t.7 ha.rd, and during oruahing the crack.a ex­

tend moa~l1 through th• magnesite fraguenta, which will be thua aplitted 

iD two or more piecea. ihe amaller magnesite fragment.a, after ~ruahin&, 

atq being biZlclecl b7 the bond, ea cleaoribecl aboT•• fhia ia the main re~ 

aon ·~ t.he kn0WJ1 methods, baaed on the gr&Tit.7, cannot be aucceatull1 

ued tor the beneficiation of .ladoma magneai tf; ore. 

re/. 
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In order to obtain a stable dead-burned m88J1esite from Iadoma ore, some 

investisations have been carried out, under the leadership of the experts, 

in the Beaearch Institute of ~GHOliB.Wl, at Iraljevo (ITJGOSLAVU.), and the 

resulta published in the •PBELDaN.ARI SfUDI OF ~HE XECliNOLOGICAL VIAB[[1I~I 

01 ZIMB.ABWE£11I MAG.blESifE AND S~ C.sROlitE OliES FOR fHE PRODUCXION OF BA.SIC 

.BUB.\C!OBIES•• ~pril 19~, (l). During these investigations, by applying 

the proceas of homogenizing and stabilizing, a stable dead-burned. aagne­

aite of commercial qualit7, containing about 88 per cent of ~, has 

been obtained. Owing to its properties, this dead~burned magnesite aa.n 

be uaed for the product.ion of basic refractories of usual, co.lllllercial. 

grade. 

file production of high qualit7 ma&J1esite-, ma,gnesite-carbon-, and magne­

aite-chrome bricka from Iadoma magnesite irould be poasible, onl7 if this 

ore could be up-graded by means of a proceaa, which could noticeably re­

duce it.a lime content. 

:fhei authora of this report have carried out laboratory scale inveatig&­

t.iou in Zimbabwean Institute in the time from December 1984 through 

Karch 19851 and d&Teloped the new process of •selective hydration•. ~he 

results have been published in their ferminal repon: •lliVESUGAfIONS ON 

~ POSSIBILifI or BEHEIICIAfIHG OP LOCAL RAW .MAGNESifE FOR f.BE PRODUCfIOB 
01 BASIC REFRAC70RIES (DP/ZDV'83/006), (2) • 

.&9· Up-qading of raw my;neaite by selective hJdratiop 

!he applied procuss of selective bydratio11 ia baaed on t.h9 release ot 

pure .magnesite fraper.t.s from tha binding material. In order to achieve 

thia, t.he ore should first be r.:alcined, and the magnesite (KgG03), and 

dolomite {.MgCOa.c.co3), r8are~tively, decarboniaed according to the re-

action: 
> MgO + co

2 

---=>~ Ji&U + CaO + 2C02 

Ch•mioal properties ot thus obtained KgO, azut. CaO, rupectively, differ 

tasentially, especiall~ in respeot of their reactivity under the ini'llr 

ace of water and/or saturated water-vapour. Lime is much more reactive, 

and eelective Q,v.dratiop proco~s !118.kes uae of this property. 

nie p1·eicesa cnr.ais1: of following: 

./~ 
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Kadoma magnesite ore, produced at present b7 aelective mjning, with a 

ailica content of up to l per cent, and lime content of up to 4 per cent, 

is cruahed primarily troa 250 lllll down to 60 Jllll' and then down to 25 mm; 

the ore will be acreened out twioe: after primary crushing on the 3ieve 

with the apertures: 60%60 Jm&, and after secondary' crushing on the sieve 

with the apperturea: 25x25 DD., and 3~1 respectively. Regular sizing 

for deliveries to retraotoriea induatr;y is the ~r•: • 25 + 3 ma. !he 

tailings, • 3 aa (abo~ 15-17 per cent. of the tot.al ore quantity), are 

at.oak-piled at. th• mill•, aa unusable rejects for t.he time being; 

• ~•e sizings of IadOll& crushed and waahed magneai te ore; a) - 60 + 25 aa, 

b) • 60 + 3 m, and. c) • 25 + 3 - a:re oalcined in the rotary ld.ln at. · 

trial workiDg temperatures between 820°C and. 1050°C; 

• Calcilled ladoma magneait.e, cooled down to room temperature, under conti­

nuoua minng in u appropriate mixer ia wetted wi t.h 5-6 wt. per cent. of 

water &Dd, aft.er one llinute, t.ruusterred in a steel container, and. kept. 

covered (with a lid) for at. leaat 24 hours {aoakiDg tiae). Duril:J.& thia 

time period selective ~drat.ion takes place; water ti.rat.reacts with 

Ca01 tormi.D& Ca{OB) 2 • ~his reaction is exothermic one, generating 

heat, which increases th• temperature of the material, and creates wa,. 

t.er vapour. fhe latter penetrates in th• micro-, and macro-cracks and 

porea of the calcined material, and react.a with the lime, contained bf 

the bi1lcl.ing material. !his reaction, whic;i is :followed by great increase 

at the yolume, cauaea desintegrat.io.11. o~ the particles, havin& higher con­

tat. of CaO. In thia wq th• map.eait.e frapenta are released, but some 

at th• would also slightly react, just 0.11. the aur:face, keep:f.ng their o­

riginal .abape and. aiae, &Dd becomillg somewhat. harder. 

• After t.he soaking the qdrated material is quite dry, ancl can be screen­

ed out. without difficulties on a double-deck acree.n. ihe coarsest class 

of t.he material show• t.he lowest lime co.11.tent., and the finest claas -

the highest. lime content.. Lime co.11.tent of t.he middle class is aomrhere 

in between. Chemical composition and recoveries of the individual class­

es can be adjusted, b1 uaillg the screens with different appert.l&l'ea. 

By applyiJ1& aeleot.ive ~drat.ion met.hod of ~eneficiation cf raw magne­

site from Iadoma mine in laboratorJ scale iuveatigations, following 

r•coveriea of semi-products, and their lime contents have be~n a~biev~d; 

:e/ • 
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Semi-product. .Praction, :aa Recovery, ,, CaO, wt. ,, 
SP-A' - 16.o • 3.o ~o 2.5 - 3.o 

SP-B' - 3.o + 1.18 3~ 4.o - 5.o 

SP-C' - l.18 28-32 10 - 15 

Staning .. 25.o • 0 100 6.75 
Material 

~e obt.a:i.Ded semi-product.a •A• , ucl llB• , have been used for C&n7in& 

out. of addit.ion&L laborat.ort scale iAveat.igationa, aimed at. obtaining 

bigh quality dead-bumecl magnesite, m a g n e s i t e - , and mapesite­

ohrome bricks, respectively. fhe results hav• been publiahed in the Final 

Report, Uc/llll/85/1191 JUDe 1986 (3), with the uiA conclusion: ltt.h• re­

sult.a of laboratory seal• iATeatigationa are very positive. Properties of 

obtained dead-burned magnesite, and of test bricks oan be compared with 

the highest grade• of basic refraotoriea produced out of natural magne-

sit.••· 

Despite of all efforts, done duri.llg earlier long lasting il1Teaf .. igations, 

DO one conventional beneficiati:ng met.hod haa given positiTe r11ault.a, when 

&pplied to ladoma magnesite, due to specific characteristics of t.hia ore. 

~e only ones left, which could be applied aucceaatull7 for UP-grading of 

ladoma magnesite, are: 

- Select.iv• J:brdration, 

- notation, and 

- Chemical proceaaea • 

.Aa far u the :tlotation ia conoe:rned, it can be aaid, that ol117 recently 

the inveatigationa for the reduction of lime content in ra magneai tas of 

ladoma tne had been started. And, the chemical 11roceaaea are known to be 

by tar moat expenai ve. 

On the basia of first eatimatea, the production coat.a for one ton ot u:p­

graded magnesite {a811i-product) b7 aelective ~drat.ion should be some -

where in ihe middle ot the known processing methods, given below il1 the 

••quence or increasing production costs: 

- Magnetic Separation, 

- Optical Separa~ion, 

- .El"•V li!edia (Gravit7) Separation, 

• 5electiTe Bydration, 
- Plot.at.ion, and 
- Chemical proceaaea. ./. 
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%he reaulta of chemical anal)'aea for the hand selected pure magnesite 

fragments from Kadoll& ore have ahown, that one part of its CaC03 'cor­

responding t.o abou~ l.o-1. 25 per c•'!\t of lime), has been finel.J' and e­

venly distributed "t.hrough the aagnesite fragments. !fhia part of lille 

could be elillinated frOll the ore only by- chemical proceaa. !he other 

proceasea cannot. reduce the lime content. iA the calcillsd or de~bur­

ned Xadoll& aa&nesite below 2.0-2.5 per oat. Practically-, aelect.ive 

)Q'dration, and :tlotation, respectively, could reduce the lime content, 

in t.hia particular cue, up to a level which is located somewhat above 

t.he 118Jltioned valuea. fhia became of the :tac~, t.hat both prooeaaea 

prillaril.7 remove the lime originating fro• the dolomitic bindiAg ~ 

terial. 

At t.he •Del the main featvea of th• aeleotive hJdration procesa can 

be alllllla1"iz•d aa followa: 

Uvantagea: 

- Ve'r7 aimple teclmoloa, not requirin& highly- a.killed manpower, 

- High efficiency in the reduction of lille, 

- Very :tlexible :proceaa, ensuring gcod recoveries, 

- Process practically without rejecta, 

- Relatively low consumption of enera, 

- Very small consumption of water, 

- Bo special probleaa for the :protection of en~romaent., 

• Low investmen'C. cost.a, throuih the uae of aill})le equipment• 

.Diaadvan.tagea; 

- Prooeaa cannot uae magneait.e ore below 5 mm, 

- !rwo atepa firing {calcining and dead-burZling), 

- Lower lime reduction tl:lazi with chemical process. 

C). Purpose of this Mia;ion 

Star\ing from the positive reaults of previous laboratory scale invea­

tigat.iona, a .Programme of work (Annex No. 1) haa been :prepared tor car­

rying out of aemi-induatrial inveatigationa, ailled at up-grading of I~ 

doma raw magneai te, contai.ning up to l per cent of silica, and up to 4 

per cent ot lilae, respectively, ao that it ~an be used tor the produc­

tion of high quality basic refractories. 

./. 
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~. reasons for having recommanded aemi-industrial investigations to be 

carried out, were Tery numerous: 

- selective hydration is quite newly developed teclmological procilas, 

for which all operational condi tiona have to lJe fo\llld out in the 

practice; 

- t.he result.a from laboratory scale investigations cannot be taken 

u adficientl.y relyable {not onl,y due t.o great differences in tllt 

ope:ratioll.al condition~ and must be checked; 

- for the preparation of the feasibi~ity study relyable input data, 

like apecific consumption figures, etc., are needed. these Cell on­

ly be ccUected from semi-industrial investigations; 

- neceaaar,y quantity of the starting raw ma.terials for aemi.-induat.rial 

production of high quality dead-burned magnesite, end of taat. bricks, 

could not haTe been enaured othertfise; 

- t.he knowledge of the final product properties for a future plant 

is of outstanding importance for making decision, whether to estab­

lish an investment intensive ;plant or not; 

• the moat important equipments, necessary for the first phase of 

aemi-industrial .investigations, were &Tailable in the closest pro­

llmi t,y to the magnesite mine. 

It wu expe111ted, that the e.zperimental work, in it.a end phase, would 

enable the obtaining of ui>-graded magne:ite (semi-product •A•) for the 

production of refractories, having following chemical composition: 

Semi-product. 

S.P-.A 

S.P-B 

Si0
2 

1-1.5 

1-1.5 

94-95 

93-94 

I! this quality gradea of semi-products •A•, and •Btt, would be achieved, 

second ,Phaae of aemi industrial investigations in Iugoslavia/EUROP~, aa 

well aa the preparation of the feaaibility study would be fully justified. 

In order to allow the comparison of the mentioned qualitis with the qwr 

lit,y gradea, obtainable on the world 1Darket, in the fable No. l (4) the 

chemical. compositions of the dead-burned magnesites, as produced Qut cl : 

a) crypto-crystalline m.agneaite1, b) large crystalline magneaites (high in 

iron), and o) aea water and brine, have heen shown; 

./. 
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'l!able l•o l. 

Chemical Compositions and Bulk Densities 

of Commercial Dead-Burned .ilagnesites 

.A.) Fro= cnptq:cpstaJ.lipe :iiaw Si:tnesites (low iron) .. in per cent 

• .A. • B • c • D • E • 1 • G • 

Si0
2 l.5 l.4 o.8 o.a 1.5 2.5 5.5 

"12°3 0.2 0.2 0.2 0.15 0.25 0.2 0.2 

1•2°3 o.a o.s 0.6 C.7 0.6 o .. a 0.2 

CaO 2.4 2.2 2.4 3.5 2.0 1.5 2.0 

Jig() 95.,5 95.0 9fi.O 94.5 95.0 94.5 92.0 

B203 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Bulk 
~.:55 3.40 3.ZS 3.30 3.38 3.35 3.30 

Deuity 

B) lrom luge orxatalline Raw Upeaitea (high iron) - in per cent 

Si02 l.O 0.9 1.3 1.2 o.a 

AJ.2°3 1.0 0.5 o.a o.s 0.2 

1e
2
o3 5.0 7.5 2.7 1.3 3.2 

Cao 3.0 2.':' 0,.8 l.6 2.95 

JAgO 90,0 88.0 94.5 95.l 92.9 

B203 0.01 0.01 0.01 0.01 0.01 

Bulk 3.36 3.25 3.35 ~.25 3.25 Density 

c) Srpthetio J4agnesiaa - in per cent 

Si02 
0,7 0.6 0,5 0,3 0.15 

Al203 0.2 0.2 0.15 0,06 o.05 

ie2o3 0.2 0.2 0.15 0.06 o.oe 
. 

CaO 2.~ 0.7 2.2 1.0 0.4 

.MgO 97.0 98,C 97.0 98.6 99.3 

B203 0.02 o.oa 0.04 o.oa 0.01 

B,Dend ty 3.42 3,32 3,40 3.41 3.37 

. l ·• 
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By 0014paring tjie chemical composition of ladoma raw m.agnHite with the 

data, giyen in the ~able No. l , it can ba found out, that all its con­

tamilumts are present in allowable limits. Xhe only exception re~reaents 

its lime content, which is almost three times .higher. llowever, by effi­

cient lime reduction, which will be followed by corresponding increase 

of Mg()-oontent, the chemical composition of ita dead-burned product• can 

be brought to the neces~ary level, so that its quality will be competitive. 

-. - . - . - . -
At the requests of the lliniatr,y of Millea, and of the llinistr,y of Econo­

mic .Planning and Development. of Zimbabwean Goval'l:Jll8D.t, ONIDO arranged 

for the autho~a to aaaiat the Govel"l1lll8llt, and to carry out semi-industri­

al investigation.a in the period 25.04r.967 through 22.08.1987, a total 

of 17 weeks. ~e main objective of two e%llerta was to e%lllora technical 

7i•bili t7 of a bene(iciation technoloa for ra J118811••i te from Iadoma 

mine, developed earlier, to reduce its high lime content, and to collect 

aa 1D8JJ¥ specific consumption figure• for the process aa possible, needed 

for the ,reparation of the feasibility study. 

» • .Mission Support 

!he mission waa baaed at the DEPABfMWf OP MEULLURGI (Doll), .Ministry of 

Minea, Harare. Counter-part team conaiated o~; 

l) Kr. J.J. Bungu, BSc, Mac (u.1.), Director ot the above Depart­

ment, who was aasigned also aa ?iatiOJ:Jal Project Firector; 

2) ~. J. liapiravana, BSC (19~, University ot Zimbabwe - Chemistry 

+ Geology'), Chief of Ceramic Department in the Dep.of Metallurgy, 

3) Kr. L. Mare7a, BSc (19851 University of Zimbabwe - General Degree~. 

Kr. J.J. Bungu, whom to especial thanks are due, actively participated 

in all important diacuaaiona, particularly in those on the Programme of 

Work, and on the rearrangements ot the time schedule, introduced by the 

BIO Uli~O lianagementa. Il'Jl"ing the work of the expert a in lUO fIN:l!O :plant., 

at Eiffel Plata, Kr. Bungu had regular daily coz:.tacta, giving his auggea­

t.iona prevailingly through Mr. Mapiravana. In addition, lir. Bungu haa paid 

the visits to the duty station in Eiffel Flats al.moat ever¥ we~k • 

. /. 



- 13 -

Curriculum vitae for aenior colm.ter.-part at.Doff, lir. J. Mapira~ana (Azm•x 

Bo. 2) 1 and. Mr. I.. llareya (Annex .No. 3) ~ who have aasiated the experts 

for the whole duration of t.hia mi.&aion, and whom to an eTeryda.r'a on th• 

job training haa bean given, Rre attsched to this report • .Mr • .Mapiravans. 

waa reaponaible for the official r•lationa with the aaanagement of lU) 

flli!rO, and with the w1>rkera, rendering aervicea durag the aemi-;;.nduatri­

al investigations. Both, Mr. Mapiravana, and lir . .Mareya, deaerve tull re­

cogDition tor their devoted work on the realisation of th• pro~eot • 

.hpuimental work haa been C'&rried out. in RIO flNtO plant, at. Eiffel nat.a: 

on the baaia of permiaaioA, gz-811.ted by Mr. 1.c. B9ehmke, Exeo~tive Direa­

tor 'Development), anci lb.-. A.J. Dorrenboom, Operations Director. Very v:.­

luable aup11ort., alao, haa been received from K:r. JI.Van Zyl, Workal:l.op'a 

lo:rman, at. Eiffel nata 11lant, who continuoualy tooJt: care of 11roper ser­

Ticillg and maint8J18Zlcc Qf equipment.a, uaed by the expert.a. 

Moat uae:tul aupport. haa bean gi"'tn by the IliSfITU!rE OF lWiDiG RESEARCH, 

at the University of Zimbabwe, Harare (Director Prof Dr. I.A. Viewing, 

J&. f.B.C• lernandH, and lb.-. B. Wit.kin), where T•ry ma.v determinations 

and lllhemioal analyses have been done, and for which our sincere than.lte 

are due. 

the authors have been enabled to make ~ visit.a to existing magnesite 

miL•, a.t Barton Parm • Iadoma (Mana&er: Mr. Odend&al), tor collecting 

of representative samples. lor the support by senior at.aft of the mine 

in '•livering tho samples in short.eat period of time, •• would like_.to 

~them all. 

~he authors 8%'atetully ac.knowl•d&• the enthuaiaatic help, »rovided by 

so m.a:ay individuals. Without auoh support all these investigationa could 

not have been accomplished in time. 

iapeoial thanks are due to Mr. A. Olac, JPO at tJNDr-Of:t'ioe, .Harare, 

for ooAatant support and uae:tul inatructi,'1'18. 

- . -. - . -
On ~O. J una 1987, Dr. A. Alllbatchew, UNDP-RESaEP, Bar are, jLr. c. U ahewo­

k"111Ue, Perm.Secretary, llin.ot Millea, Hara.re, and JiUo • .n.~Litvinorl.6 1 .Amba­

aaad.or of s1a1, in Harare, viaited the •:%P•rta at Eiffel Plats, in order 

to g•t full acquaintance with the progress of experimental. work, and 111.t.h 

the possible future phaa~a in the realization of tha projgct.- On 06 • .A.­

gust 1987, Mr. Murangari, Dep.Perm • .Secretary, Min.of JUnes, liarare, also 

visited the experta, with the aame scope. 
./. 
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E. Preparatorz work apd hindrances during the mission. 

l). In order to enable co'Wlter-part team to carry out the preparatory 

work; sud to provide the equipments, necessary for semi-industrial in­

Teatigationa • on time, two lists have been aubmitte~ by the eXI>erts; 

• l.iat of the equipment to be proTided for semi-industrial inve­

atigatiom - with the .Pinal Report, in June 1986 (3), (Annax 

Ho. 4), and 

- Liat o! Reco11111a11datio:na how to prepare the rotary kiln, at E.iff el 

Plata, for oal~ining of raw magneait~ - in December 1986 (.Aiuiex 

Bo. 5). 

l>ue to justifiable reaso:na it has not been p<'ssible to get everyth.'\.ng 

acoompliahed before the arrival of the expert.a. so that they also hw 

to take care with the National Project Direct.or1 and tn make :provision 

that their work can st&rt woithout del~. 

Despite of all etforta 1 there were problems to be solved, and the hin­

drances to be eliminated durlJig the minion. 3ome of them, being of 

great.er im:portanoe:- will be mentioned hereunder, and the solutions 

and/ or W~;•outs d3scribod. 

Before that it must b11t tm11asizeQ.~ that on the oe..sia ot the annour.oement 

of BIO !INfC'a Management, additionally mad• at the beg;innin.g of JU1le1 
the rotary kiln, which had been given at dia,poaal for calcining of raw 

magnesite, could haTe been uaed onl.7 untill 22ni June .1987. After tha.t 

date, it was notified, RIO !IN!O :needed this Jdll1 for their own l>lirpoaea, 

without arJY posaibility to eyentually make uae ot the same in a later 

period of time. So, there waa no oth•r choice, than to use ~he kiln in 

the tim1t available. 

2)•· ihe existing chamical laboratories in Zimbaowe did not have ve~ 

much experience with the chemical anal7aes of raw magnesite, and of cal­

oined1 and qdrated ma&JlHi te1 re1peoti vely. Due to that, soma disc-·e­

panoea happened to occur. Some of the results were no~ l~gical at all. 

In order to overcome tllia problem, sources of mistakes have been tho­

roughly discuaaed with t.he relevant laboratory chiefs, U'&d the inatr\\o­

tiona given how to apply the standard anal.1tical methods. 
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In order to aToid the risk of getting unrel.yable results, the specimens 

for import.at analyaea have been submitted to threa chemical laborato­

ries. Al 1 other specimens have been submitted to at least two of t:hem. 

ilval. u.atio:a. of the reaul ta for chemical compoai ti on has been done on the 

baaia of the average Taluea of the reaults fr<Ja all three, i>o.t at least 

from two differeut chemical laboratoriea. In exceptional ca.sea, aume of 

the reaulta, being Terr tmloiical, have Aot beu couidered. 

3). l>ur!ng the determination of the d.iatribv.tion of llg , Ca. , and Si , 
in th• magnesite ore, photo-camera on the ~eetro~oro--Probe-equipmen\ 

Traa not in a good rtrpair. Becauae of that, 'it waa n·eceasa17 to Tiaually 

eatimate the mentioned diatribution on the monitor. In addition, the con­

eentratioa ot Mg , mid Ca in the magneaite frapenta, aa well aa in 

the binding material, haa bea determined b7 the deTioe for e».era-di•­

peraive analyses of the electro-micro-probe equipme.u~. 

4). !he rotary kiln, before being uaed for the oal.cining of raw magneaite, 

has not been l"UJ1 for at least one year. fherefore, it waa necessary to 

conduct pretty ertcmaive mainteJ1&1Lce work, in order to get it uaable for 

thia particular purpose. Additional problem wa! t.he fact, that the refrac­

tory lining brioka had been al.moat •aturated b7 ohroae tamling aalta, pro­

eeaaed earlier in the same kiln. hcl, the alkaline chrome aalta repreaent 

UJLpleaaaut cont•·1~ant tor the magneaite pr~ducta. 

CleaiDg up of the rotary kiln refraotorr lining from tli• in:t'il tratBd 

aal\a ha1 been conducted by oalc1.niJ:lc •f raw magneaite t ~ more than 24 

houra, at tho working temperature of 900°c • During this time, a new 

eoat.ing haa bee formed on the refractory lining, conaiating of .MgO-Ca0-

-AJ. 20~&Si0 2-coapounda. 

I>ue to the ahortage of the adequate refractory briclta tor the lining of 

the entrance part of the rotary kiln, about 3 meters in length, it waa 

joinU7 decided with t.he li&Dagement of RIO !ll~O, to cool this pt.rt of 

the kiln with sufficient qwmtity of water • during its running. !hi.a, 

on the other aide, had a very negatiTe influence on the couumption of 

fuel oil, mekin3 ii noticeably higher. 

./. 
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5). lor the process of up-grading by selective hydration, working tempe­

rature_ for the calcining of raw magnesite is of outstanding importance. 

the working temperature should be sOlll8What higher than the temperature 

of decompositi.ln of calcite, but, on the other side, somewhat lower than 

the temperaturt, at which a noticeable deD.Sifioation of calcined magne­

site begina. 

I>uriJlg the trial test.a the workill& t.amperaturea have be8l1 measured both, 

by F't/Pt.llb-thermocouple, wh,j.ch bu be8l1 built-in into the rotary kiln , 

as well aa by means of an optical pyrometer • llOP~ll•. 

~itre-maasea of magneaites, oalci:u.d during the trial teat.a at. precisely 

meuured working temperature• bet.wean 820° and 1050°C , have been found 

to be very useful and quick method for the determination of the caloi.nillg 

grade of the material. fhis, because of the fact that a good correlation 

between the litre-maaa, on one aide1 and the calcining temperature, on the 

other, exist.a. 

At the beginning of the main calcining teat. the exiati.n.g ther:nocouple 

waa broken. l>ue to the requaat of lUO f.IB!O'a Management to set this kiln 

free for their uae in a very short period of time, it was not possible to 

wait untill the newly provided Pt/Pt.lib-thermocouple be calibrated. Under 

such oondition, it waa jointly decided with the coUJLter-part team, not. 

to shut down the kiln, but to mewure the temperatures by both, the new 

t.hermocouple, and optical pyrometer parallely. In addition, the litre­

maaaea of calcined magnesite have regularly to 1 determined, every full 

hour. 

6). On the basis of the results, obtaiD.ed from the trial test.a, it would 

have been better to uae for screening out of the hydrated material in '&.ile 

main test following wire-sieves: a) for the upper position the sieve with 

t.he apperturea: 3.15%3.15 mm, and for the lower, the sieve with the apper­

turea: l.4zl.4 mm. Unfortunately, both sieves were not available on the 

market. l>ue to that, tor the main test the sieves as follows had to be 

used: 3.4%3.4 mm in the upper position, and l.6xl.6 mm ill the lower. ~his 

alight change in the apperturea of the sieves haa not caused noticeable 

change of the results, obtained in the main test. 

./. 
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II. BAI JUGN.ESI H 10.R fllllL us:r 

A. Colleating of Repreeentatiye Samplea. 

lor the trial teat.a of aemi-indust.rial inTeat.igat.io:ns t.wo repreae.tative 

aamplea of raw magneaite haT• bee:n oollect.ed, aa follows: 

a) Sample BM 3-25 mm, about. 40 t of crushed, waahecl and •creeaed­

out. ore, :f'rOJD the ra:ilw8'f ait.e, which has been pre:pared for deliT•r.T to 

a foreign ouai.omer, hav:i.Jlg total quantity ot about. l, 500 t. ; 

b) Sample BM 25-60 aa, about 22 t, repr•u.t.lig 'the •oyerflow• from 

the aieve with t.he appert.urH: 25x25 m 1 aft.er primary oruahing o'! tJie 

ore, at ladoma min• ; 

a) Sample BM 3-60 Diii, about. 12 t, has beeZJ preparecl in the rot&1'7 

kil:n plant., at Eiffel Flat.a, b7 uing 75 wt.. per oent. of the aample a) , 

llDd 25 wt. per cant. ot t.he aample b) • 

jJ,l det.ail5 in co11J1ection with the~• repreamltat.ive aamplea have beeZJ 

deacribed in the Amie% No. 6 

III. DE!EBMINA~IOBS or PROPERfIES OP Bil .M.lGN~IW 

POR DI.AL :rES: 

In order to :ti:nd out, whet.her t.he ore has the same properties a.a the 

one :f'rom 1984./1985, whell t.he laborat.01'7 scale invaatigationa have 

been ean-ied out., it wu requested to determine it.:1 fellowing pro­

perties: 

• Grain Size, 

- Chemical. Compoa: .. tion, 

• Mineralogical Composition, 

• Dli, and 

• Pb1'aioal Propert.iaa. 

A. Grain Size Distribution 

In order to enaur• the chaugea of siziug of various magnesite samples to 

be followed during all phaaea of teclmological. proce1a, grain size diatri­

burion of all three repreaentativ• samples haa bean determined, and the 
./. 
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result.a shown in the fable No • .2 • Special attention has been paicl to 

particles below 3 mm, which afte:r calcining ill rotary kiln becoma smal­

ler, and repreaant au uaele~s burden for the process. 

Particle 
.Si.ze 

Sample 

EK 3 - 60 

!able No. 2 • 

Grain .Size Distribution of Representstive 

.Samples of Raw .:.lagneai te 

(Per oent) 

+ 25 -25+15 -15+10 -10+5 -5+3 

17.6 26.8 6.9 

14.6 19.2 3.9 

79.0 20.0 1.0 

B. Chemical Composition 

- ~ 

8.2 

Special care has been taltan to determiDtthe contents of moat relevant 

ingredients, :;iarticularly the contents ot contamillanta, having great 

influence on the propertiea of final basic refractories. ~. obtained 

rHul~a are shown in the ia01a No. 2 • 

iable Bo. 3 • 

Chamic&l Composition of Representative 

Sam.plea of Raw .Magnesite 

(per cont) 

Sample l.OI .Si02 Al.2.03 'ie2o~ CaO JlgO B2% 

BM ~25 49.93 o.67 0.06 0.14 3a03 46.13 0.04 

.BM 3-60 49.94 0.'74 0.07 0.15 3.04 46.07 0.04 

iK 25-60 49.75 0.10 0.01 0.15 3.15 46.14 -
./. 
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c. llineral.orl.cal. CoprpoaitiOA 

llaaroacopic appearance of the magaesite ore, exploited at present., ia 

th• same aa in t.ha time of laboratory scale investigationa (1984/1985). 

It is a typical brecci.a. On the baais of colCiur one can differentiate 

between white and grey breccia, and dark piecea of mapeait.e ore. J;....Rq­

l>i:traction-teat.a have shOWD, that. t.h• main constituent 1a Jll88J188it•, 

8-oompanied by doloait.e. but, aoae qua::.tity o! calcite is also present. 

A typioal J;..llq..Pattern tor th• aaapl•~ Bil 3-60 has been given on the 

ligure Bo. l • 

il.eetro~oro-Probe diaperaive m:aalya .. h&.ve ah01rD., that magnesite 

:trapu.ta repreaent the material oi sood quality, with •venl.3' distri­

buted amall quantity of lime. Main lime content. ia intruded in the 

binding material, which, on the ot.her aide, ia a mixtuze ot Jll88J1•1ite 

ad dolomite. Diatributiona of magnesium, &11.d ealcilml, in three dit­

er•nt: varietiH of the ore, are 1h01m on t.he lihures Bo. 2, Ho. 3 , 

and Bo. 4 • respectively. 

l>is\ribution of .Mg, Ca 1 and Si, respectively, in the ore has been 

al.10 teated in the INS!I!U~ OF lllNING BESEARCH on the ELECX.RON.JaCRO­

l'ROlm Unit: JOEL 7~ SUPERPROBE, with settings aa follows: 

- Acceleration Voltage 20 kV 

- Current 2zl.0-a jznp. 

%he photographa obtained with the represent.at.iv• aamplea: lUl 3-60 

(white imd grey breccia, aa well aa dark ore pieces) ware :;.he aaQle aa 

ia the test.a carried out in 1984/1985. 

D. Differential niermaJ. !D!lraea 

Det.erm:i.Aat.iona of the decomposition t.Am.Peraturea of magneai~e, dolo­

mite, and oalcit.e, respectively, have been done by meana of diffa­

ratial th•rmal analyaia, wit.ii alpha-Al.
2
03 aa reference material. 

Inorease of temperature between 259 and iooo0c was 10°C per L­

nut•, and aenaitivity - 0.2 mV • 

bical. D~dia&rama tor rtlll magnesite are shown in the Figur11 

Bo. 5 , Bo. 6 , and No. 7 1 respectively. 

./. 
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Sample: RN j - 60 
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Fie-. No. J• Energy .:Jispersive Analysis: 

Sample: aH J - 60 ( grey) 
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DTA-Diagra.m of I{aw Hacnesi te 

Sample: RH J - 25 
1 ) 6oo0 c MgC0.'.3 HgO 

720°c 2) ?-:gCOJ. CaCOJ 

I · : i . I i i ! : I • I ---j----------

1 I I~ II . ! I . 
--·-- ; -- ; ---- __ I ___ _ 

+ co2 
* * MgC0.3 + CaCOJ 

*}IgC0'.3 .. MgO + co2 

J) 800°C * CaCOJ ... CaO + co2 

4) 940°C CaCOJ ~ .. cao + co
2 
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Fig. No. 6 • DTA-Diagram o:f Raw magnesite 

Sample: RM .'J - 60 
1 ) 6oo0 c Hgt,; OJ .. !IgO + co

2 

2) 7~W°C * * Mgco
3

.caCOJ MgCOJ + caco
3 

* MgCOJ - MgO + r,02 

J) 8oo0 c * CaCOJ .. Cao + co2 

4) 940°C CaCOJ .. Cao + co
2 
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fib'. No. 1. D'i'A-.Wiaeram of l~aw Mat,rneRi te 

Sample: fil.' 25 - 60 

1 ) €oo 0 c MgCO., MgO + co2 .) 

2) 720°c * * }1gCOJ • Caco3 -- MgCOJ + CaCOJ 

* MgCOJ ... };go + co 2 

J) 800°C * caco3 
_.,.. Cao + co2 

4) 940°C Ca00J .. Cao + co2 
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x. Ph?sical Properties 

fhe Taluea for t.he following phyaiaal properties haT• be8ll detel'Jnined, 

and the result.a shown in the !rabl• Ho. 4 : 

.. Desity, 

- Bulk Desi ty, and 

- Lit.re-Mass {km.ex No. 7 .) 

!able No. 4 • 

P~aical Properties of Raw llagneaitea 

Sample 

1lK -..?5 

J)uaity 
,/cam 

2.97 

Bulk Deai ty 
,/ocm 

2.91 

2.92 

JI-. iyaJ. uation of R•au1t• 

Litre-Jiasa 
. kg/lit. 

1.55 

l.47 

Grain siae oompoaition of raw mapeaite sample BM 3-.25 is verr si­

milar with that 02H from 1984/1985. .la a general remark it can be 

aaid 1 that. the content of particles below 5 mm is pretty high1 

amounting to about 15 per cent. 

~hi1 is not the case with the sample ill 3-60 , due to the participa­

tion of the particles between 25-60 mm (25 wt. ~). However, the calcin­

i.ng and the proc..,ui:ng will ahow, how this coarser particles a.re going 

to behave during the treatment. 

Chemical coMpoaition of all representative samples of raw magJ>.~site was 

good1 and within usual limits tor the production of mine in the last 5-6 

yearG. !he internal specific•tion, n~t to exceed the content• of silica 

(max. l per cent), and of lime ( max. 4 per cent), res~ectively, have 

been strictly kept. 

"•'. 
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~ere ia no eTidence about n~ticeable changes neither in respect of ?Bero-, 

and micro-structure, nor in res];lect of the distributions of .Dig 1 Si , 

and Ca , respectively. fhe only sligilt difference has been registered 

:trom the .X...Rq-difraction test, showing occurence of sRall quantity cf 

calcite, in addition to t.ha main mineral - l:lagnesite 1 and to the acom­

panyi.hg mineral - dolomite. 

Distribution test for Mg , Si , and Ca , respectively, ha.a confirm4'd1 

that the magnesite fragmenta represen~ the material of good qualit7 (with 

amal.l quantity of calcium evuly spread), and that prevailing quantity 

of Ca ia contained in th• binding material in form of dolomi t-, Silica 

content is rather low,. aud also eTenl;y d.i.stri but.ad through the ore body. 

DU.test has shown, that the decomposi t~on temperatures are as f'ollo• : 

l) tor Jaag11eaite 

2) for dolomite 

3) for car.03 

(created i'ro!li 
r.olomite 

4) for calcite 

-

-

at 600°c 

at 720°C 

at aoo0c 

at 940°c. 

n.e intenai ty of the ttpeaks •3• , and •4• (Figures No. 5 • No. 6 1 

and Hoe 7) from J:l~testa confirmed, that -the main bear•r of lime 

in the ore waa dolomite, aud cal.cite being only a sporadic mineral. 

Physical properties of raw magnesite were also within tho values • 

uaual.17, found for this t.;y;pe of' tha ore. 

- . - . - . -. -

./. 
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IV• lliVESUtrillONS - UliL fES~ 

A. Calcining of Raw !ae;pesite 

!rial calciniJlg tests were &i..med at finding o~t of optimal op~rational 

oondi. tiona for the Jla:i.n oalr;ini.ng teat, as for inatance: 

l) lorkil'lg temp"rature for rotary kiln, 

2) Sizing Qf raw magneait.e, 

~) .Appropriate feed of th• kiln, 

4) .Hantlling of ealcined material, 

S) Organisation of process control. 

With th• Programme ef Work o~ thr•• worki.J:lg temperatures have b~en 
0 0 0 planed, i.eo.: 900 1 1000 1 ad 1100 c.. However, it wa.s decided 

at the sit.• t.o al.argo th• workiAg taperatur• l•Tela1 introducing: 
• 0 0 0 c 820 1 850 , 870 1 ad 1050 C 1 and ollllli ting 1100 c. !he temper~ 

t.urea below 900°C have been uaod in oner to teat the behaviov of the 

magnesite in th• r•gion1 whore CaC03 out of dolomite is al.re~ decom­

poaect1 ad calcite still keeping original foqa. fho performances of the 

kil:n, aa well u th• ox:i.ating refractory li.niDg, did not allow to raise 

th• working tempuatur• up to ll00°c. Beoaua• of that, the temperature 

of l050°C has been chosen instead. 

In order to investigate the influence ot th• sizing of raw magnesite 

on th• properties of calcined material, all throe ore classes, obtain­

abl• from the oziating mine crushing equipment, have bea uaad, iee.: 

3-25 mm, a-&O ma 1 and 26-60 ?Ziil • 

~. feeding of the kiln has been adj uated ill accordance with the per­

formances of the rotary kiln, azid with the calorific value of the fuel 

oil, and varried between 10.Q and 16.8 tons a d~. 

lor tho calcining of D13g110&ite th• rotary kiln, exi.atin& in RIO UNf(7 s 

pl8Jlt1 at liffel llata (vwry close to Iadoma ~agneaite mine (about 16 
km), ilas been used. Buie characteristics of this kiln have been ahown 

on th• sketch (Annex lllo. a ). fh• r•fr~ctory l,i.11.ing, having the thick­

Jl•H of l~O mm , haa boon 118do with locally produced fire clq bricll8 

(about 40 per oat Cl'! alumina). At th• entruce end the shell of th• 

has got··a 11rolongation of aclditional 3 meters. fhis part of th• kiln 

./. 
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has not been lined with the bricks. In order to aToid the deformation of 

the ahell at ~his place, it had to intensively be ccoled by means cf an 

aboundant water shower. 

fh~ rotary kiln, being without the cooleT1 could not recuperate the heat. 

Due to that, the secondary air could not have been preheated. Lack of re­

cuperation, ~auitable regulation of fuel, big differenciea in the daily 

and night temperatures, made it extrdely difficult to keep the working 

temperatures within narrow limits, and to ensure an uniformly calcined 

product. 

Working t.emperaturea of the kiln haTe been meaaured by means of a thermo­

couple (Pt/PUh), built ill int.o tha llln, at a distance of 1.90 m from 

discharging ed. In addition, an optical pyrometer has bee used as well. 

Previously 11 the rot az'1 kiln has run at a speed of elle rotatio11 per 12 mi­

ll~t•a and 10 aecenda (• 0.1 r/min). O~ the request of experts, the speed 

has baa increaaed to-5 min. and ll •••• per one rotation, in which wq 

much better condition for the ealcining process haa been ensured,(0.2 r/m). 

Duri:ug the teats follewing data have been recorded, i.e.: 

- Quantity and Si.zing of the Kiln Peed, 

- Coaaum.:ption of the fuel oil, 

• Consumption of the power, 

.. Quantity of the produced calcined material, and 

- Working temperature. 

the summary o'! these data has been given in the fable No. 4 • 

Very hot calc.b1ed material, coming out of the kiln, has been stock-piled 

on the concrete floor, lined with the.steel Rlates. After having reached 

the room temperature, ealcined magnesite has been packed in plastic bags, 

each one wighi.n& 50 kg. 

For the con~rol of properties of calcined magnesite, following determi­

nations have been carried out: 

- Re..ctivit1, 

- Grain Size, and 

- Chemical Composition. 

Obtained results are shown in the :Cable .No 5 1 No. 6 , and No. 7 , r1-

ap1ctiTely. 
./. 
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Tabl.e No. 5. 

Feed Avarage Pro due- Reactivl,.;ty 
kg T/0 c tion,kg T/°C * 

CM 3-25/820 1 ,400 827 543 118 

CM 3-25/850 1,400 845 640 118 

CM 3-25/870 100 860 316 122 

CM J-25/900 5,260 902 2,422 115 

CM 3-25/1000 6,300 980 1,920 111 

CM J-25/1050 3,360 1046 1,242 40 

C}I 3-60/900 4,080 893 1, 700 122 

CM J-60/1000 6,440 1005 2,581 120 

CN '3-60/1050 2,320 1038 1 ,078 52 

C?-1 25-60/900 J,640 896 1,629 111 

CM 25-60/1000 3,290 994 1,696 117 

T o t a l. )8,190 15,767 

* = After 1 hour. 
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Gr::tin =:>ize ...:Jistribl.:.tion o~ ... :alcinecl ~·~o.71e3ites 

( Per Cer..t ) 

s a r.1 p 1 e + 25 -25+15 -1.5·i-10 -10-r5 -5+3 - 3 

c;:: J-25/820 o.o 4.5 •, .., ':' L1 Lt 16.8 49.9 ,. . .) - r • . 

cr-1 3-25/850 o.o 2.8 2.4 25.s 17.6 51.4 

C?·l 3-25/870 o.o 2.3 4.o 25.2 18.8 48.3 

C~f 3-25/900 0.7 1o.3 s.s 28.J 20.8 J0.6 

C' ~ .. J-25/1000 o.o 2.9 2.5 21 • .3 15.4 56.9 

,..,, ':' 3-25/1050 o.o 2.4 5.0 25.9 13.6 47.9 ....., .... -

CM 3-60/900 1o.7 1J.8 9.9 20.8 13.7 J1.1 

Cl I J-60/1000 1.8 9.s 6.1 24.8 16. 1 41.0 

CH J-60/1050 1. 8 9.8 6.6 28.9 15.3 37.5 

CH 25-60/900 25.3 19. s 11.0 1 .5 • 5 10.1 13.6 

er.; 25-60/1oco J.2 19.2 6.4 19.6 10.4 4o.o 
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To.ble ~70. 7 • 

811.2::-?ical Composition o-E G:il c i.:1ecl ! .n._:~csi -t cs 

( Per Cent ) 

.s a::-ipl e LOI Si02 A.1..,0,., Fe2o
3 

CaO :rzo 
.... .) 

,.,, .,, J-25/820 1. 88 1.00 0.02 0.20 5.91 90.93 ..., .. 
CH J-25/S50 1.20 1 .08 o.os 0.16 6.12 91.36 

C~~I J-25/870 a.so 1.39 0.12 0.21 5.95 91.53 

C~-1 J-25/900 0.74 1. 18 0.15 0.17 6.53 91.23 

CI·l J-25/1000 0.60 1.43 0.09 0.17 6.24 91.47 

C~I J-25/10.50 o.41 1.40 0.11 0.13 6.09 91.8.5 

CM J-60/900 1.40 1.50 0.13 0.17 5.80 91.10 

C?! J-60/1000 o.so 1.JO 0.14 0.17 6.60 90.99 

CH J-60/1050 0.61 1.43 o .. 10 0.16 6.28 91.42 

,.,. ' vb 25-60/900 J.48 1. 01 0.12 0.15 6.32 83.92 

CI! 25-60/1000 0.80 1. 10 0.10 0.15 6.50 91.35 

./. 
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Under the reactivity the temperature is understood, which will be reach­

ed by the calcined magnHite, after having been wetted by 5-6 rt. per 

cent of water. ~e temi>erat.ure has to be taken after l hour , and a.-o 

fter 2 houTs ef soaking, in the covered container. 

Procedure: In. a staillleaa ste·.i container (D .: 25-30 cm, and H .a 40-50 

cm) 1 positioned at an angle of about 25° in a-rotating device (25-40 

rounds }>er minute) 1 :put 10 kg of calcined magnesite (having about 25°c), 

and add 5-6 wt.. per cent o-t water, under COlltinuoua rotating of the con­

tainer. Iaep the co11t.ai.ner rotating for one additional. minute, take it 

down from the device, and cover with a steel lid. After a soaking of l 

or 2 hours {depending on. the reactivity of the material to be tested), 

the temp~rature should be measured by a mercury thermometer, with a 

measuring range of up to 200°c, which should be }>ushed about. 10 cm deep 

in the calcined material. 

llilleralogical composition ot the magneaites 1 calcined at 900°c, and 

l000°c, respectively, haa been tested by l.-R~ di:t'ractometer. ~e two 

mentioned temperatures are very characteristic due to following reasons: 

at 900°C the decompositioD of ltgC03, as well as of CaC03 {which haa been 

created from dolomi ta, has been fiDished; calcite should st1q in tmchang­

ed condition, because its decomposition temperature h~s still not been 

reached. 

On. the lll)..llattern (Pig. No. 8 ) for the aample CK 3-25/900 following 

mineral• have been registered: periclase (llgO), lime {CaO), and port­

lendite /Ca(O.B) /. ~he presence of CaC03 originating f1"om calcite has not 

been registered, probably due to its small content, and due to the fact 

that it1 crystal structure has been destroyed. On the XRD-~attern for the 

•mllPle CK 3-25/1000 (Pig. No. 9 ) , following minerals have been regi­

stered: periclase, Lime, and portlandite. But, lime reflexion at d ~ 2.40 

is more intense, confirming that the recrystalization of CaO has taien 

place, with possible formation of celcium silicates. Above iooo0c calcin­

ed material ia expected to ahow lower reactivity values. 

During the trial teat it was consumed: 

- 2,318 kWh, and 141 768 litres of fuel oil. 

Fuel oil specifications are given in the Annex No. 9 • 

./. 
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B. i>rocessing of Calcined ll.agJlesite 

'?he processing consists of: 

- llizing of calcined material. with water, 

- Soaking of the wstted material in the covered 

containers, 

- ScreeniJlg-out cf the hydrated material 

Characteristics of the uaed equipments: 

• Concrete mixer, having the capacity of 150 litres, 

and rotat.i:g Jpeed of 24 rotations per minute; 

• Zinc plated containers, having 75-100 litres capacity, 

with detachable lids; 

• Double-deok 17brating screen {L = l.5 m; W • 0.9 m); 
upper wire-aie·n apperturea: 3.4 · x 3.4 :aa ; -

Lower wire-sieTe apperturea: l.2 x 1.2 m ; 

I.uclination: about 18° • 

Procedure: add 50 q of calcined magnesite {• 1 batch) in the rwmillg 

oonoret mixer, and pour 2.5 litres of water {a 5 wt. per cont), using 

a fine aprqer. After thorough mixing {one minute), tha bat'l:h should 

be W1•loaded in a steel ci>ntaiAer, and the temperature measured after 

1 hour, •1th a mercury thermometer (range: 200°c). Soaking time should 

Dot be below 24 hours. During this time selactive hyaration takH place. 

!he soaked material should be screened out on a do~hle-•deck screen, ud 

split iD three claaae•: 

- coarse, above 3.4 mm, designated as + 3 , 

- middle, -3.4+1.2 mm, de•ignat.ed aa 13, and 

• fine , •1.2 mm, designated aa - l • 

!he uaed double-deck yYbrating screu, haying a high inclination, and 

being relatively sho=t., has achived following effects: 

- Upper sieve separated all particles above 3 mm ; 

- Lower sieve •~par~ted aeparated the p&rticles between l sll4 3 mm, 
- lin91, coming through the lower screen, contained the particle• 

from 0 to l mm • 

~e obtained quantities of all three claaaea have b~en weighed out, in 

order to determine the percentage ot thelr recovery. ~he results are 

given in the ~able No. 8 • ~he results of chemical analyses are given 

in the !!:able lilo. 9 • 
./. 
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Te c~1.r?.olo::;ic o.l ...Ja-ta :Car :>rocessing - T~ial '1'e st 

.s a. i.l p 1 e ~~e2.cti vi t1- 3e:ni-Proc~uct ilecovery 
T/

0
G Dn ic.; -~~ 

1" 

+ 3 S4.8 29.39 
SP J-25E/820 113 13 1 ~o. s · 41.87 

- 1 82.9 28.73 

+ 3 16. 2 33.06 
~- J-25E/8.50 118 13 19.7 40.20 .:Ji~· 

- 1 1 :5. 1 26.73 

+ 3 1h5.4 29.59 
sr J-25£/870 122 13 203.1 41.34 

- 1 142.8 29.06 

+ 3 189.0 31.39 
SP J-25P/900 115 13 240.2 39.89 - 1 172.9 28.72 

+ J 252.5 27.85 
Si1 J-25:?/1000 111 13 346.7 30 .. 24 

- 1 3c7.5 33.91 

+ .3 204.1 27.24 
SP J-25:?/1050 40 13 299.9 40.09 - 1 245.4 J2.74 

+ 3 ')..,.., - 30.64 ... j - • :J 
SP J-60P/900 12.2 13 351.7 39.54 - 1 265.2 29.82 

+ J 222.4 27.96 
SP J-60P/1000 120 13 311. 2 39, 12 - 1 261.8 32.91 

+ 3 JJ.J J'4.26 
SP J-60P/1050 52 13 41.2 l}2. 38 

- 1 22.7 23. 35 

+ 3 246.6 37.04 
:.:;P 25-6or/900 111 13 220. li JJ.11 - ., 198.7 29.85 I 

+ J 123.2 24. ti 1 
S? 25-60P/1000 117 1J 195.0 3e.Gh 

- 1 186.4 36.94 
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?::'..::lt~ :~ 0. 9 • 

~l;.er:1ico..l Ccnpo3i.-~ion 01' .::i e;::i-r ::-o c~uc t 3 - ':'~i2.1 r:-es t 

(:'er .--. t \ 
ve:l ) 

3 am p 1 e .Soni-Product LOI Si02 CaO 
ffir.1 

+ 3 6.46 0.93 J.48 
3? 3 ,., 5"/ 0 20 13 7.51 0.77 5.96 -c- .IJ u 

- 1 8.75 1.30 10 .. 20 

+ J 6.92 0. '31 3.91 
SP 3-2.5Z/850 13 6.79 0.83 5.28 

- ~ 7.S6 1. 05 10.32 I 

+ J 6.47 o.88 J. 68 
SP J-2.5Z/370 13 6.02 o.66 l-1-. 87 

- 1 6.90 1.12 10.04 

+ J 7.36 0.96 3,37 
S::? J-2,SP/900 13 7. L~S 1 • 12 5.63 

-· 1 8.43 i. 76 9.9s 

+ "' 6.52 1 .. ., J.17 .> • I.. .... 

s~ J-2.5P/1000 13 1.09 C.94 4.57 
- 1 s.4J 1. 01 12.98 

+ 3 3.01 1. 40 J.2J 
SP J-25P/1050 13 4.16 1.37 4.34 

- 1 6.52 1.33 10.35 

+ 3 6.88 1. 75 4.70 

SP J-60P/900 13 6.88 o.39 4.90 
-1 7.32 1.38 9.82 

+ 3 '/ .29 1. 07 J.70 
.SP J-60P/1000 13 7.37 1.12 l-1-. 61 

- 1 7.80 1.16 11.80 

+ 3 2.39 1 • 15 J.47 
~;:i 
.;>. 3-60P/1050 13 3.23 1.54 j.58 

- 1 5.63 1. 57 11.12 

+ 3 '.). 1 J 1.71 .s.42 
SP 2,5-bOP/900 13 7.67 1. 09 l~. 79 

- 1 8. l~ 5 1 .. 07 8.21 

+ 3 G.68 1. 70 5.63 
.SP 25-Gor/1000 13 6.87 1. 1 z 5.81 

- 1 7.71 1. 07 11 • 1 l~ 
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c. Evaluation of resuJ.ta 

A$ it can be seen from the table lio. 9 , the average working temperatures 

have come very cloae to those ones, planned by the Programr;ie of Work. 

Raw magnesi t.e in the iizing 3-25 DD, after being calcined, regardless of 

the working -;empers.ture level, has sho'ffJ1 high percentage of particles btt­

low 3 Diil {31 • 56 '). ihia co;::aea, at. the first pal~e, from the high per­

centage of particles below 5 lllll ill tl.tt starting material, which is addi­

tionally grinded when moving through the rotary kiln. 

Having in mind, th&t the CaC0
3 

in the properly calcined magnesite should 

be completely decomposed, in order to enable the created CaO to actively 

participate in the process of aelectiTe hydration. A vory good indicator 

for the extent of oalcination ia the loss on ignition of the calcined mir 

t.erial. Samples 3-~ mm showed increased values of the ignition loss 

at the temperatures •f 820°, aJLd 850°C, respectively. fhe samples 3-60 

Dlll
1 

aJLd, especially samples 25-60 Diii ahowed high ignition loaa values 
0 eva. at the t•perat. ure of 900 C • fhis due to the faot. 1 that in the co-

res of the coarser particles the calcining process had. not been carried 

out completely. fhis is the reaa••• wb;r the loss on ignition should be 

preferably below one per cent. 

liesulta of the chemical analyaea of calciner. magnesit.es are showa in the 

iable Bo. G • :£hey represent. average values of the results obtained from 

three chemical laboratories. A few individual result.a, showing great, and 

unacceptable deviation from the other results, have not been considered • 

.Average content of lime for all 11 samples amollllted to 6. 21 per cent. 

l>ev!atl.on of individual lime content from the aYerage value within ! lU 

per cent tolerance. 

Kacroacopic appearance of the aeple~; Cli 3-25/820, CK 3-25/850 , and 

CM 25-60/900, respectively, indicated that the calcining proceaa had 

not. been completely- finished. ihe samples; mi 'lJ-.25/870, CK 3-25/900, 

and CM 3-25/1000
1 

respectively, have shown the beat macroacopic appear­

ance. And, at the end, the samples; CK 3-25/1050, and CK 3-60/1050, 

respectively, have giv6D the evidence, that the densification process 

of the calcined material has already ache.need "to a noticeable extent • 

. /. 



- 4l -

1.ooo 
DD-tests of the samples: CK 3-25/900 , and C.M 3-2o/ did not regi-

atar the presanoe of CaC03, in addition to the presence of pdriclase, 

lime, anc portlandite, respectively. 

Prom the t~chnological data it has been noticed that, depending on the 

working temperaturaa, the values f~r the reactivity varried in great 

iJltervala ; the temperatures ab~ve 1000°0 aaused noticeable decrease 

of raacti.,ity of the calcined material. 

fechnologi~al data obtained from processing of ~alcined magnesites 

(?able No. 7 ), have given the following 'ver&ge recoveries of the 

•&mi-product~ from the trial test3: 

• 3 

13 

- 1 

-

-
In respect of the lime reduction, best results h3ve been achieved with 

the following sample~ : 

Saml)le Real CaO-Contents 

SP :;;-25/900 6. 25 -_,;:::i:>i. 3.64 

S.P ~25/1000 6.26 ---i>.. 3.39 

SP 3-25/1050 6.~ --:I!>.. 3 .. 33 

Lime-reduction 

41.8 ~ 

45.8 % 
46.7 '/. 

Remark. 6.25 • Average real con'teut of all 

ll aacples of celcinod magnuites. 

Despite of the fact, that the highest lime renucti~n has been achievc1 

with the mapesite, calcined at 1050°C , thia material is not very 

apprupriat.e tor further processing, on the wq to ihe prod-;iction of 

dead-burned magiieait•. At 1050°C calcined material has been noti­

oeably densified, what could ea~se ~erious ~roblema in reac1ing the 

adequate density of dead-burned magnssite~ I~ addition, the higher 

calcining temperature, the ~igher me production costa, as well. And, 

this must be avoided aa much as possible. 

./. 
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D. Conclusions 

After consideration of the obtained results following operational condi­

tiona for the =~ t•st have been chosen: 

l) Sizing of the rarr magnesi~A1 and quantities to be used: 

- ml 5-25 mm .. about 140 t 

- BK ~2 1111 

2) Work.in& temperaturH: 

• tor .BK 5-26 

tor BM 6-32 

3) Feed of the kil.Jl: 

-
-

&blo)Ut 40 t. 

950°C ! Ul8 C 

970°C ! l0°C 

• 85 kg every 10 minutes, o::: 

- 510 kg/hour, or 

- 12.24 t/dq. 

Ia addition, it waa recollllll&Jldecl to iDcreue the feed of the kiln iA th • 

laat fn dqa to: 

- 600 kg/hour, or 

- 14.4 t/day. 

4} In or:ler to ensure proper control of the working temperaturea iA the main 

- t_eat, it was recommanded that • nn thermoco11ple with measuring instrument 

be provided on time, aud adequately calibrated, bei'ore being uaed. Additi­

onally 1 u optical pyrometel' should b• uaed, aa well. fhe temperatures 

h3ve to be mac.sured .-rery 16 minutes, and recorded. 

5) Aa a quick met.hod for the que.lity control of oalci.lled magnesite it was 

suggested to check the litr1-mua every full hour - at the kiln site. 

6) lat3r quantity, t~ be added f~r wetting of oalcined magnesite, ohould be 

5-6 vt. ;., and the duration of mixi:ng {in the con<."ret.e mixer) - one minute. 

7) 5oaki.rlg tio:le for ~drated material should be at least 24 h~urs~ 

8) Screening: In order t~ increase the recovery cf semi-product •A•, SP..A1 

it would have '!>een better to build-~.n in upper position a standard wire aiev, 

with apperturea: 3.15x3.15 mm, or even 2.sx2.a mm. Due to the fact, that tte 

men~ioned aiavea were not available on the market at that time, it was de­

cided to ~ae the sieve from the trial test, i.e.: 3.4x3.4 mm._ 

ihe improvement of the quality of semi-product •B•, SP-B,could have been re­

ached by the uae of standard eieve: J .• 4xl.4 mm in the l01'ar position. Being 

alao aot available, the aieve with app•rturu: l.6xl.6 mm had to be used. 

9) lt waa reoo111111and1d to discard all quantiti~s of ceJ.~ined magnesite, not 
having the proper quality. - . -. -. - ./. 
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V. PRODUC7ION OF UP-GRADED SEMI-PRODUC~S 

A. Preparation of samples for jLain ~est 

OA the basis of the results from the trial tests it was decided to use 

raw magnesite samples BK 5-25 mm (140 t) • and .Bll 6-~2 mm (40 t), re­

spectively. Collecting cf these aamplea has been described in the Annex 

No. 10 • fhe Hmpl• lUl 5-25 haa been produced out of the BU 3"-25, by 

screening it out on the scroen 5x5 Diil - at the kiln site. 

lor further realization of this project, the ore reserves are of outstand­

ing importance, especially of the ore having not more than 4 per cent of 

lime, and not more than l per cent of silica. fhat was, also, main reason 

tu recommand in all their previoua reports: "the reserves of raw magne­

site with Iadoma mine to be checked and confirmed by GEOLOGICAL SURVEI , 

Harare.• ~a recomm8Zldation has al.so been made after their arrival, on 

the basis of which one very experienced geologist of GEOSUB.VEI has :paid 

a viait to the mine, d~i:ng general :prospection. liia finding is attached 

to this report as the Annex No. ll • 

For both sam~les, BK 5-251 and RM 6-32, srain size distribution, and 

ehemisal composition have been determined, and the results given in the 

!able No~ 10, and the fable No. 11 , respectively-

Sample 

SampJ.e 

!re.ble No. ),C • 

Grain Size Di£tribution of Raw liagnesites 

Ua•d in the .MaiD %eJt (Per cent) 

+ 25 -25+15 -15+10 -10+5 -5+3 

0.1 45.2 17.8 31.4 

ll.6 17.6 

!?able No 11 • 

Chemical Com.posit.ion of Raw l4a.gnesi tea 

Used in the Main ~est (Per cent) 

4.5 

0.7 

- 3 

0.9 

i.o 

LOI CaO ~O 

49.90 0.76 o.os 0.14 

49.<ri 0.57 o.u. 

. / .. 
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B. Calcining - llaia feRt 

Calcl.lling of the magne~1i ta has been carried out. under the operational 

conditions, given in the oonclusions trom the trial test (page 42 ). 

All efforts have been done in order to keep prescribed conditions in 

the narrowest possible limits. ~e temperature has been measured by 

optical pyrometer. As the first qwU.ity control th• deter.Di.nation of 

litre-auu.ses 9Ter,y fUll hour has been used. It haa been recommanded 

to keep the l.i.tre-masa values in the range between l.O and 1.2 kg per 

litre. 

Duril:lg the main calcining test following data have been recorded: 

- leed ~f the rotary kila, 

- lorkillg temperature, 

• Puel oil conaumption, 

- Product.icm of ualcined material 1 ucl 

• Power conaumption. 

Summary of technological data has been given in the fable lia. 12 1 and 

the apecific conaumption figures in the fable No. 13 , respectively. 

Result.a of the grain size distribution, as well aa of chemical compo­

sitiona, based on the daily production (• ene composite sample), are 

givG ill the fable lio. 14 , and lo. 15 ; respectively. 

Coaaidering the whole situation after th• main test, it can be said, 

that th• workiJl.g temperatures were slightly higher, than originally 

pl8l11led. Our estimate, baaed both, on the temperatures as found by 

OPU . .X...readinge, as well aa on the behaTiour of the material, calcin­

ed in the main test, when processed by ael~ctive l:cydration, indicates 

t.ha~ the working temperature• Tarried betwaen 960°.1020°c, but pre­

Tailingly between 9eo0-1010°c. 

-. - . - . - . - . - . -



~n 
CM - 21 CM - 23 

e 21.6.87 23.6.67 

Feed, kg 4,080 4,080 

.... 
Prod. ,kg 1, 77J 1,802 .._ .... 

.I: 
Ul . fuel, 11 t. 1,339 1,240 .... 

Litre-Mass - -

IFeed, kg 4,Ll80 4,080 

... .._ 
Prod. ,ky 1,907 1,890 .... 

.I: 
U1 . ruel, lit. 1,333 1,268 .... .... 

Litre-Mass - -

ced, kg 4,080 4,080 

... .... .... llrod.,kg 1,817 1,942 .I: 
Ul . .... uel, Ht. 1,377 1,212 .... .... 

\ tre-Mass - -

eed, kg 12,240 12,240 

> brad. ,kg 5,497 5,634 
..... 

' .... 
uel, lit. 4,049 3,720 

ftl 

a 
L1 tre-Mas~ 1,28 1.24 

Feed, kg 12,21.0 24,1,80 

QI 

> Prod.,kg 5,497 11, 131 ..... ... 
IO ..... 
:::J Fuel, 11 t. 4,049 7,769 E 
:::J 
u 

Li tre-Hssr 1;28 1;26 

- 4.6 

Table No. 12 • 

TECHNOLOGICAL DATA FUR MAIN CALCINING TEST 

CM - 24 CM - 25 CM - 26 CM - 27 CM - 28 

24.6.87 25.6.87 26.6.87 27.6.t\7 28.6.87 

4,080 4,08[) 4,080 4,000 4,080 

1, 931 1,066 1,912 1,823 1,892 

1,210 1,192 1,;m9 1,219 1,195 

- 1.17 1.10 1.11 1.11 

4,000 4,000 4,080 4,080 4,000 

1, 952 1, 91fl 1,077 1,947 1,873 

1,233 1,190 1,182 1,212 1,180 

1.13 1.10 1,14 1.17 1.14 

4,0flO 4,00fJ 4,0CllJ 4,LJflO 4,UOO 

1, 917 1,H96 1,910 1,fl'Jll 1, 005 

1,242 1,206 1, 2116 1,201, 1, 173 

1.00 1. 13 1. 2Ll 1,14 1.01 

12 I 21t0 12, 21,o 12,24Ll 12,240 12,240 

5,00(] 5,678 5 ,69':1 5,66(1 5,650 

3,6tl5 3,58B 3,637 3,G35 3,556 
-

1.11 1.13 1.15 1. 11t 1.09 

36,720 48,%0 61,200 73,t.40 85,680 

16,931 22,609 28, 308 33,%£1 39,618 

11, 454 15,Dt.2 18,Ei79 22' 314 25,870 

1. <' 1 1.19 1.18 1, 18 1.16 

Cl-1 - 29 CM - 3lJ LM - 1 CM - 2 CM - 3 CM - 4 
29.6.67 30.G.87 01.7.87 02/7/07 03.7.87 04.7.87 

4,080 4,0AO 4 'l,li[] 4. 8[JU 4 ,8[JO 4,800 

1,889 1,005 1,942 2,~47 1,932 2,269 

1,279 1, 306 1, 2?9 1, 3011 1, 319 1,316 

1.12 1.21 1. 1 J 1.17 1.19 1.02 

4,000 4,000 4,BLJll li,Clllll 4,BlJO 4,00U 

1,900 1, 'JfJ6 2,?GB :: '21:\J 2, ?'JfJ 2' 21,(, 

1, 303 1 '2(18 1'3111 1, 3311 1,340 1, 21:l5 

1.14 1,19 1. 12 1.\l'J 1, 1lJ 1.05 

4,080 4,00U 4,bOO 4 ,fllJIJ 4,001) 4,1.100 
- ~ 

1,900 1,928 2, 200 2,?4J 2 '21b 2' 150 

1,242 1, 2':16 1, 318 1,293 1, 354 1 310 

1,18 1. 14 1. 111 1. 12 1.07 1. 12 

12,240 12 2t10 14 LJl,lJ 11, 1,nn 14 1.1111 1!i I 11 00 

5,f197 5,719 6,4'JO [,, 773 D,'•'•'• 6,673 

3,024 3,B':IO 3,B9B 3,931 4 ,013 3,911 

1,15 1. 18 1. 12 1.13 1.12 1.06 

97.920 110, 160 124,200 138 If.DO 15 3, ODO 157,400 

45. 315 51. 034 57,524 (,I, 1 21)7 70,741 77,1,17 

29,694 33,584 37,~02 111I413 45,426 49, 337 

1.16 1.1t=, 1. 1 i;. 1. 16 1.16 1. 15 
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Table :fo.13. 

SPECili'IC CONsm:PTION" :?IG~S 

FOR THE M.-l..I~l C .. U.CI:'TIXG TEST 

(For One Ton of' Calcined :Magnesite) 

Data: 

Total Quantity of Raw Hagnesite Consumed 

b) Total Quantity of Calcined l·~agnesi t e Produced -

167.4 t 

77.4 t 

c) Total Quantity o:f the Power Consumed 

d) Total Quantity of Fuel Oil Consumed 

e) Quantity o:f Calcined Hagnesite Produced 

(when Feed = 4.8 t/Shi:ft) 

f) Quantity of Fuel Oil Consumed 

(when Feed = 4.8 t/Shi:ft) 

g) Quantity of' Calcined :-Iagnesite Produced 

(when Feed= 4.1 t/Shitt) 

h) Quantity of Fuel Oi1 Consumed 

(when Feed= 4.1 t/Shi£t) 

- . - . - . -
SPECIFIC CONSUMPTION FIGURES: 

A) Raw MagnesitEi 167.40 

B) Power: 8147 

c) Fuel Oil {Average) 49337 

D) Fuel Oil (4.8 t :!'eed) 15753 

E) Fuel Oil {4.1 t Feed) 33584 

- . - . - . -
Remark: lt. = litre 

. 77.4 . 

. 77.4 . 
77.4 

26.4 

51.0 

= 
= 

= 

= 

= 

8147.o kWh 

- 49:337.o lt. 

26.4 t 

- 15753.0 lt. 

51.0 t 

- 33584.o lt. 

2.16 t 

105.2 kWh 

637.0 lt. 

597.o lt. 

658.0 lt. 
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Table :'~o. 14 • 

Grain. Size Distribution of the Calcined ~:aG!lesi tes 

from the !-Iain Test - (Per Cent) 

Sar.ip1e -25+1.5 -15+10 -10+5 -5+3 -3+1.2 

C!~I 6-32/21 11.2 8.6 26.6 13.2 21.2 

CM 5-25/23 1 o • .5 10.J 29.5 15.8 18.5 

CM 'j-25/24 7.·7 9.3 37.0 17.8 14.6 

CM 5-25/25 4.6 6.1 30.2 18.J 21.4 

C!-1 6-32/26 11.4 8.8 23.0 11. 9 21. 1 

CH 6-32/27 9.7 5.6 24.4 16.6 2J.S 

CN 5-25/29 10.6 11.0 33.1 16.2 16.0 

CH 5-25/JO 7.5 6.2 28.7 23.2 18.2 

CH 5-25/1 7.8 7.4 28.6 17. 1 20.4 

CH 5-25/2 12.5 7.8 32.5 15.4 18.1 

CN 5-25/J s.9 9.7 32.1 16.9 18.8 

CH 5-25/4 1.0 7.9 29.6 17.9 21.4 

- 1.2 

19.2 

15.4 

13.6 

19.4 

23.8 

19.9 

13.1 

16.2 

18.7 

13.6 

13.6 

16.2 

./. 



- ,8 -

Table :fo. 15 • 

Chemical Co~position o~ the Calcined ~aterials 

from the ~ain Test - (Per Cent) 

S a m p 1 e LOI Si02 Al2o
3 Fe~OJ CaO MgO 

CH 6-32/21 o.64 1.49 6.18 91.38 

CH 5-25/23 0.84 1.22 5.77 91.86 

CH 5-25/24 o.ss 1. 17 6.4s 91.19 

CH 5-25/25 o.64 1.37 6.0J 91.65 

CM 6-32/26 o.44 1.25 5.81 92.19 

CH 6-J2/27 0.95 1 .15 0.11 0.17 6.17 91 .45 

CH s-25/29 .0.42 1.10 0.10 0.23 6.32 91.83 

CM 5-25/JO o.43 1.18 6.02 92.06 

CH 5-25/1 0.51 1.48 7.10 90.60 

CH 5-25/2 0.53 1.23 6.52 91.41 

ca s-25/3 0.56 1. 14 6.06 91.93 

CM 5-25/4 0.77 1.28 6.31 91.JJ 

Average 0.63 1.26 0.1 1 0.20 6.23 91.57 
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c. hocesaiy - liain l'est 

Calcined magzieait.e, split ill quantities of daily prodl1ctiona, has been 

uaed for processing. So, the mnterial processed from the calcined 

1ample: CM 6-3&' 21 !laa got the designation: SP-21 , fiom the sample 

ell S-25/ 23 the designation: SP-23, ad ao on. 

!he aample CK ~2/ :!1 represented the quan~ity 11roduced in two dqs. 

Because of that, after the i>roceaaing, this sample had been split ii:. 

two i>arta, with the designation: SP-Zl , uid SP-28 1 respectively. 

Operational conditions for procesaiJl& have been aa follows: 

- Unit batch: 50 kg ef calcined JD8&!19aite, 

- Water quantity for wetting: 

a) !or 1amplea SP-21 through SP-29 

b) for 1amplea SP~O through SP-4 

- Duration ef mixing {ill concrete mixer): 

5 wt. per cent 

6 wt. per cent 

o:ae minute 

• a.tating speed ef mixer: 24 rotationa/mi.Jlute, 

.. Seak.i.ng time: at leaat 24 hours, 

• Screening on a double-deck TYbrating screen with: 

a) upper sieve: 3.4%3.4 DD, 

b) lower sieve: 1.6~.6 mm. 

Because of the new aet of sievea, the samples have been given new de-

1ignation1, as well, like: 

• SP•2l/A repreaenting fraction: + 3 Ill 

- SP-21/B • 
- SP-21/C • 

• : + 1.6 - 3 mm 

• . • - 1.6 lllDe 

Semi-product.a, after beillg screened and. weighed out, have been packed 

iJa plastic bags (50 kg n~t), and separately piled on wooden pallets. 

Quantities and recoTeriea of semi-products are given in the ~able No. 16. 

!he specimen• for chemical analyses have been prepared by collecting 

small quantities •f the material from every second bag, after thorough 

mizing and quartering. ~he results from chemical analyses are given in 

the :i!able No. 17 , No. 18 , and Bo. 19 • 
. I .• 
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To.cle ::o. 16 • 

~uaI1ti ties, ~l.eact::i_vi ties, ar:C:. ~-\.ecove:ries 

of ..3eni-products 

Product Total 
SP ~i.~activ. 

.3eni-prod.:\. 
~·:g 

Ser:ii-prod.B 
.f ,_ -

~'-5 

21 

24 

')...,. ... , 

28 

29 

JO 

1 

2 

J 

4 

Total 

.\.vo­
racc 

45/100 

75/105 

105/110 

108/120 

56/78 

81/11.2 

94/112 

84/111 

73/116 

74/102 

82/103 

96/121 

117/126 

1,313 

1'725 

1 ,048 

2' 100 

1 , 311 

1,257 

1,345 

1,862 

1'936 

2,071 

2,019 

1'817 

30.5 

28.8 

30.5 

JO.O 

".... ,. ..;.u • o 

34.J 

35.3 

J2.J 

JJ.8 

1,334 J1.0 1,GGo 38.5 4,J07 

1,575 28.1 2,316 lp .3 

978 3,635 

1 , 77.5 2s.o 2,462 38.9 6,337 

1 ' 1 .52 26.8 1 ' 8 J 5 l;. 2. 7 

1 , 157 1 , 780 L~::!,. 4 1-1-, 194 

1,559 28.8 2,0CO J6.9 5,421 

1,855 2G.G 6,990 

1, 542 27. l~ 2,102 J7.J 5,630 

1,707 21.s 2,4c6 JS.9 

1,400 26. 1 2, 1 .JO lW • l 

19,090 27,417 68,923 

./. 



Sample 

si>-21 

SP-2z 

SP-24 

si>.25 

SP-26 

SP-Z'/ 

SP-28 

SP-29 

S.P-30 

SF·l 

SP-.2 

SP-3 

SP-4 
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fable No. 17 

Chemical Composit.ion of Semi-Products 

Contents of Lime (Per cent) 

SP-A. SP-8 

3.59 4.37 

4.06 4.66 

3.38 4.26 

3.72 3.61. 

3.66 5.61 

3.63 3.66 

3.55 3.45 

3.aa 4.73 

3.75 4.47 

4.00 4.67 

3.73 4.40 

3.47 6.06 

3.37 6.36 

SP.<; 

8.70 

10.76 

9.52 

8.89 

8.Z'/ 

7.86 

6.34 

9.16 

11.95 

10.25 

8.87 

9.24 

9.26 

9.16 

. I • 



- 52 -

fable No. 18 • 

Chemioal Colllilosii.io:n of Semi-Products - lilain fest 

(Per cent) 

Sample LOI CaO 

SP-l 5.94 1.21 0.11 0.20 3.67 

0.97 0.11 0.20 

7.66 0.11 0.20 9.16 

!able No. 19 • 

Real Chemical Composition of Semi..Product3 - Kain ~est 

(Per cent) 

88.87 

81.86 

~ ·----------------------------------------------------------­-----------------------~--------------------------------
Sample LOI CaO 

0 1.29 0.12 94.48 

SP·B 0 1.03 0.12 0.21 4.92 93.72 

SP-C 0 0.12 88.65 

• J. 
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!able No. 20 -. 

llaterial Balance Sheet for Lime 

in Semi-Products 

InJi?Ut Dat1: 

Sample SP-A SP-B 
Per cent 

Recoveriea 32.5 :!'/.7 

Lime Contents 3.67 4.64 

QU.Ali!l!I OP LIME IN SEKI.PRODUCfS: 

sp •• :e. 4.M x o.zn • i.~ kg 

SP-C: 9.16 x 0.398 = 3.65 kg 

!otal Quantity of Lime 6.13 kg 
--=----.. ==='--:s:--=----====::.: 

total Quantity of Lime 
in 100 kg ot Calcined 
Ka&nesite • 6.~ kg 

SP-C 

39.8 

9.16 

A.a it oan be see, ltaterial Balance sheet for Lime in semi-products 

is in a good accordance with the Balance Sheet· tor Lime in the at.art ... 

ing material, i.e. calcined mt:.gnesite. 

Grain Size Distribution of Semi-Preduots is shown in the fable No. 21 • 

fable No. 21 • 
~ain Size Diotribution o! Semi-Products 

Sample +15 •15+10 -10+5 -5+3 -3+2.4 -2.4+1.7 -l.7+1.4 -l.4+1.2 -1.~+0.5 ~o.s 

SP-A l.O 4.8 31.3 39.9 5.4 5.0 5.7 

SP-B 12.6 18.6 35.4 22.1 r . , . 5.7 -
0.1 

I 
• I • 
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laneralogical Investigations: 

Mineralogical Compositions of semi-products •A•, and •B•, have been de­

termined by means of ,I,..Rq-Difractometer, and the results shown in the 

Pig. No. 10 , and No. 11 , respectively. ~e presence of following mi­

nerals has been registered: a) periclaae, b) ~ortlandite, and c) brucite. 

~1 peak at d ~ 2.33/2.34 ~ta,yed undefined. 

Differential Xherme.l Analyses: 

For the semi .. products •A•, and •B•, the Dli.-analysea have been done, and 

the corresponding diagram reproduced. on the Fig. No. 12 • !l!wo distinct 

~eaks have been recorded; a) forst one, at 370°c, corresponding to the 

decoJl1llo&ition of .Mg(OH) 2, and b) the second one, at 450°C, correspond­

ing to the decomposition of Ca(Oli) 2; intensity of Ca{OH)~peak is some­

what higher with the S8DJ.lll• SP-B, having also a higher content of lime. 

l>e Additional processing of semi-p:roduots •A'' and •B• 

During sampling and packing of semi-products •A•, and "B•, it was found 

out, that the additional desintegration takes place. Careful! observa-­

tions have confirmed, that in some brittla a&gregates the binding mate­

rial did not completely react ·, and held togethe~ smaller magnesite frag­

ments. By addi~ional mechanical treatment, the binding material desinte­

grated1 releasing the 11ure J1188118Si ta f'ragrpents. In tllia wq an additional 

quantity ot lime could have been transferred in the fine fraction, increas­

ing thua the purity of semi-products •A•, an.i •B•. In order to eccelsrattt 

the desintegration of the mentioned aggregates, the obtained semi-products 

have been lttumbl ed" for one minute in the coucrete mixer, and scrrenei-out 

on the same screen set. Pot this tets the samples of 100 kg eac.b have been 

taken from SP-25/ A, and SP-25/B, o.nd after the test given the designation: 

SP-25/A~, and SP-25/B~, respectively. 

!l:h~ secon4 test, on a bigger scale, has been ~arried out· with a sample SP-A, 
2.2 t in weight, as well "8 with tle sample SP-B, 1.2 t in weight. ~he sum­

ma:ry of the results from all three men~ioned tests have been given in the 

~able No. ~2 !or grtiin size distributions, and in the Table No. 23 for 

ohemical compos~tions, respectively • 

.Prom the last two tables it can be seen, that by additional 'processing 

(tumbling and scre~ning) of the semi-products "A", and •B•, the possibility 

is attai:ied to further ~educe the lime content and obtain pure:- semi-products~ 

. I • 
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Sll-A!i!, and S?-BX. l'laturally, on the account ?f recoveries. It is obvi­

ous, that in this way, the process of up-grading of raw magnesite by se­

lective h3dration becomes more flexible. li01fever, this should be confirm­

ed by a test with larger quantities. 

fable .No. 22 • 

Grain Size Distribution of Semi-products after 

Additional Processing 

Sample + 15 -15~10 -10+5 -5+3 -3+2.4 -2.4+1.7 -1.7+1.4 -l.4+1.2 -1.2+0.s -0.5 

-

Samlll• 

Sl>·il 

ieal 
Content 

SP .. B~ 
ieal. 
Content 

SP-Cf 
lie al 
Content 

4.9 31.3 55.6 5.8 

- 6.3 25.0 40.7 
.. - - .. 

fable No. 23 • 

22.1 

3.7 

4.1 

Chemical Composition of Semi-products after 

Additional Processing 
(Per cent) 

LOI Si0
2 J.l.203 Pe

2
o3 CaO 

S.64 l.24 0.11 0.20 3.34 

l.31 0.12 0.21 3.54 

5.50 ~.82 0.11 0.20 3.46 

- o.a1 0.12 0.21 3.66 

8.67 l.33 0.11 0.20 a.02 

- .l.46 0.12 0.22 8.78 

1.8 

41.4 

l4g0 

89.47 

94.78 

89.·~1 

95 .. 14 

81.67 

89.45 

• I . 
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Recoveries of semi-~roducts from the main test have been given in the 

~able No. 24 1 and the recoveries of 3emi-products, obtained after the 

ad.di tional processing, in the !able lia. 25 • In both cases the percen­

tage of recoTeries have been calculated from the quantity of the calcin­

ed magnesite, used for the beneficiation process by selective hydration. 

fable No. 24 • 

Recoveries of Semi-products from the .ilain fest 

(Per cent) 

Semi-product Recovery 

SP-C 39.8 

fable No. 25 • 

Recoveries of Semi-products from Additional Processing 

(Per cent) 

Semi-product Recovery 

By additional processing (tumbling + screening) of semi-products SP-A, 

and SP-B, the semi-products 5.P·Af, and SP-Bf with better and almost the 

same chemical compositions have been obtained. With only one additional 

treatment a considerable improvement of the quality of semi-produot "B• 

. I • 
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has been achieved, so that both SP-AX, and SP-BT become practically one 

and the same semi-product, with the recovery of up to 50 ~er cent. This 

recovery is a very good one, especially for this breccia raw magnesite 

with high lime content. 

E. Evalliatiun of the results from the Jiilain Test 

lor the main test raw magnesite has been screened out on a sieve with 

appertures: 5x5 mm, in ordur to avoid wmecessary burden for the calcin­

ing process , by utilizing of the fine fractions, the qual.it~ of which 

oannot be ~roved by this method. fhe screened material has been given 

th• designatiJn: BIL 5-25 (mm). ~he content of the particles below 5 mm, 

remaining after the screening , has been brought up to about 5 per cent. 

rus represented noticeable inwrovement against the sizing in the trial 

test. In oder to check the inf'.1..uenca of the coarser sizing of raw cagne­

site on the grain size distribution of calcined material, raw magnesite 

having the sizing 6-~2 Diil, BK 6-32 , has been used as well • 

.Kacroscopio appearance of the calcined magnesite, CM: 6-32/ 21, :producal 

from BK 6-32, confirmed that it had reached slightly higher degree of 

densification, indicating thus somewhat higher working temperature, as 

well. Daily production of calcined magnesite, CU 5-25/ 23, was contami­

nated by the pieces of the refractory lining's coating, caused by the 

shut-down of the rotary kiln in the meantime (due to repair of the 

main exhaust fan). All other daily lots have had uniform macroscopic 

appearance, with particles white in colour, and well developed inter­

nal cracks. On the basis of this, the impression of the material being 

a litle bit "harder• calcined has been got. ihe last d~ production , 

CK 5-25/4, seemed to be •softer• {i.e. calcined at slightly lower tem­

peratures). 

Calcined material from the main test has had better grain size distri­

bution, than the ones from the trial tests. Also, the material obtain­

ed by calcining of the lU1 5-25, has showu better grain size distribution 

{lower content of particles below 3 mm, and below 1.2 mm, respectively), 

than the material out of lUl 6-32. 

Litre..Jiass-values for daily productions of calcined materials varried 

between 1.06 and 1.28 kg/litre. With the CllA 6-~2/21 , and C:.l 5-25/23 

these values were higher than wanted to (1.0 to l.2 kl7/'litre). All other 

• I • 
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daily productions have had the litre-mass in the same range, but prevail­

ingly above 1.10 .kg/litre. 

In respect of chemical composition it should be stated, that all daily 

lots have had the loss-on-ignition-values below 1 per cent, average be­

ing O.Ga per cent. fhe average lime content of the calcined magnesites 

has been 6.23 per cent. 

fhe rear:tivity values of the material have been as follows: 

- after 1 hour : 

- after 2 hours : 

45 - 117°C , average 84°C 

78 - 126°C average 109°C 

Some relation between the reactivity, and the calcining grade has been 

found for the temperatures, taken a:tter 1 hour; the temperatures taken 

after 2 hours were, more or less, at the same level. fhe only e4ceptions 

were the reactivities for the material calcined above l000°c. 

Considering the resu\ta from the trial testa, it would have been nece­

ssary to change the ~et of wire sieves. Unfortunately, it was not pos­

sible to follow this finding, due to the tact that the availability c:L 

the sieves was pretty limited. So, instead ot having the upper sieve 

with standard appertures: 3.l5x3.15 llllla the sieve from the trial test 

had to be used (appertures: 3.4x3.4 mm). And, the lower sieve, instead 

of having apperturea: l.4il.4 mm, had to be replaced by a sieve, having 

appert.urea: l•6xl.6 mm. .Because of that, the re~overy of semi-product 

SP-B was smaller, but, on the other side, its quality improved. 

With the mentioned set of sie~es, tnllowing &Terage recoveries ot semi­

producta has been achieved: 

- for SP-.1 32.5 wt. per cent 

• tor SP-B :!1.7 wt. per cent, and 

- tor SP-C 39.8 ..i. per cent. 

~e obtained values differed pretty muoh from those, obtained in the 

trial testn1 especially tr1r SP·B, and SP-C1 respectively. 

letting ot the calcined material for the first 8 da:i.ly lots has been done 

b7 5 wt. per cent of water. lioYever, due to the tact that the ~alcining 

has been carried out at a som&What higher working temperature, it was in­

creased up to 6 ~. per cent, in ~rder to reach slightly higher reactivity, 

being that the soaking time had to be limited at max. 24 hours (tight 

progr8Jlllle of work). ~he material, properly calcined, would have not needed 

• I • 
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more than 5 wt. per cent of ~ater. 

?he average lime contents of the 2roduced semi-products, have been as 

follows: 

.. for SP - A 3.67 11e.r cent 

for SP - B 4.64 per cent, and 

- for SP - C 9.16 per cent. 

Because of being alightly lrharder• calcined SP-A has shown a little bit 

high6r lime content, than in the trial test. Lime content in SP-B has 

bee:i somewhat lower, due to bigger appertures (l.6tl.6 mm) of the lower 

aieve. 

By additional processing of the .semi-prod~cts SP-A, and SP-B, (tubling 

+ screening) new semi-products have been obtained, haying the li.:ne con­

tent as followa: 

- SP-il 3.34 :per cent, and 

3.46 per cent. 

~e fact of outstanding ~ortance, found out d'.ll'ing semi-industrial in­

Teatigations!9that eTen the semi-product •c• re11resents a valuable, sal­

able product. In this way both, the technological and economical viabi­

lity of the developed beneficiating process has been considerably improved. 

fhe properties of semi-product •c•, which have been given in the ~able 

No • .26 , can be used for investigating the possibility of its placement 

on both, domestic and foreign (SADCC-, and P~) markets. 

~able No. 26 • 

Properties ot Semi-product SP-C 

a). Macroscopic appearance: white, loose, 

b). Chellical composition:(in per cent): 

and sodt :powdered material; 

LOI 6 - 9 
Si02 0.6 • 2 

Al203 0.1 - 0.3 
le

2
o3 0.2 - 0.4 

CaO 7 - ll 

77 - 86 

fypical 
7.5 

1.3 

0.15 

0.3 

9.0 

81.5 

o) Sizing: 0 - l.4 mm; typical: + 1.4 mm 0 - 5 ~; -1.4+1~2 mm l~·lS ~; 

-1.2+0.s mm 30...40; -0.5+0.l 30 - 40; -0.1 10-15 ~. 

d), Litre-liasa: 1.15 - l. 25 kg/litre. 
. I ,.. 
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e) • .Mineralogical Composition: 

Kain mineral: Periclaae - ~ 

Accompanying minerals: Portlamdite - Ca( OH) 2:' and Brucita - Ug{Oli). 

VI. O~HER lWY .MA.~BRIALS 

A. Colle~ting of the Representative Samples 

In t.he II. 11hue oi semi-industrial inTestigations., to be carried out in 

Europe,· following should be done: (detail• are given in the Annex No. 12).a. 

- ~o »roduee t.wo qualities of dead-burned 2&gnesite, i.e.: DB-A 

(better quality), and DB-B; 

• ~o 11roduce out of DB-A dead-burned magnesite follcming test bricka: 

a) li8gnesite Bricka, 

b) llagneai...Carbon Bricks, and 

c) llagnesite-Chrome Bricks 

using local flake graphite, aud chrome-ore concentrates. 

For the realization of the planned II• 11haae of semi-industrial invest i­

gations following representative samples have been collected: 

!'lake Graphite: 

Repre1entativa sample of flake graphite •A...15•, 11ac!;ed in .Plastic bags, 

5C kg each, has been taken trom the regular production of the LIN~mine, 
according to the Annex No. 13 • 

Chrome ore concentratea: 

Two repreaentativa samples, 2.0 t each, of foll~wing concentrates trom 

Jltoroshanga chrome ore mine, have been taken at random trom the existing 

1took-pilea, i.e.: 

• a) D-20, with grain sizes between 0.5 and 3.o mm, having about 

55 per cent of Cr2o3 1 and max. 1.5 per cent of silica, and 

- b) D-26, with grain sizes betwee 0 and 1.o mm, having the 

same characteristic•, as the sample D-20. 

these samples have been separately packed in the plaatic bags, 50 ks. 

each, and ·t.ranaferred to the De,Partment of i&etallurgy 1 Harare. 

During the visit, paid to the FRANCES-mine of lWDl>Y chrome ore, it has 

. I .• 



been found out, that it nas been closed, the most im~ortant sold, and 

the mine itself overfl.ooded. Because of that, no representative samples 

of l'Wlll>Y chrome ::>re could have been taken. It will be replaced by chmme­

ore concentrate, D-20. 

All collected representative sam.xiles have been atocked, and will be kept 

by the Department of ltetallurgy, Harare. 

VII. MABKEf S!UDI 

Due to the fact that t.he Zimbabwean GoTernment inte:nda to include the 

high alumina refractories in the production progr&mme of the f-:iture 

plant, and due to the fact that the semi-product llC• represents a va.­

luable, salable product, it would be one of the first priorities to 

soonest possibly atar to collect the informations on the present (1990), 

and future {2000)•demanda of: 

• All kinda o! basic refractories (m&8J1esite-, magnesite-chrome-, 

chrome-magnesite, magneaia,..carbon-bricks, mortars, s~ecia!ty 

mixea, massea, etc.); 

.. All kinds of high alumina refractories, and 

- Caustic calcined 111&6Jl&&ite (semi-product •c•). 

:rhe beat W83 to go ill this coJlllection would be: to c~ntact all bigger 

users of the mentioned materials (consuming one h1mdred and more to.na), 

to interTiew their refractory specialists, and to collect all relevant 

data according to the Annex No. 191 attached to the Report (2). 

It might be useful to start already :now the negotiations with friendly 

countriea, which are bigger conswners of refractories, and of caustic 

calcined magnesite (as, for instan~e: Zambia), asking them to consider 

the ~oasibility of their financial participation i~ the establishment 

of the refractories plant in Zimb.;i.bwe. 

- . . . - . ~ . -
Basic refractory bricks, which will be needed by potential Zimbabwean 

and forei&n consumers - according to the available informations, could 

be as follows: 

.. for steel industry: magnesite-, magnesite-chrome-, and magnesia,..oarbon 

bricks; 

- tor cement i.nduatry: magnesite-chrome bricks, 

- for terro-a.lloya: inasnesite-, and magnesite-chrome bricks, 

. I • 
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- for non ferrous metalhurgy: magnesite-chrome bricks, 

- for ceram.i.c industry: magnesite-, and m88Jlesite-chrome bricks, and 

- corresponding quantities of accompanying mortars, specialty masses, 

mixes, and repairing materials for the existing kilns, furnaces, etc. 

In ui.y case, an ex;ict answer on this very iml>ortant qt·estion1 what should 

be the capacity, and the produution procr&mrne of the future ~lant 1 can 

only be obtained from the accurate m...rket analysis, which should be at­

tached to the feas~uility study. 

~ . - . - . - . ~ 
Aa to the caustic calcined magnesite, semi-product •c•, major industri­

al applications include the following (5): 

- .Pertilizer industry - as important addi·t.i ve; 

- Pi.Up and pa:par industry - f~r the preparation of the sulfite lye used 

in the llmagnefite• pa:permak.ing process; 

- Bubber industry w ma.gnesia is particularly effective in controlling 

TUlcanisation and currig in neprene rubbers and other elastomers; 

- .Plastics, Jlai.."lta, adhesives - as flame retardant filler; 

- Abbrasives - as a binder in grinding wheel3; 

Lubricating oils - as an additive to reduce the emmission of sulphur 

a:id other polutants; 

- .Plue gas d9sulphurizatic:n - again to remove sulphur; 

.. ll.ux in steel making - normally used when magnesia is more readily 

available than dolime or olivine; 

- Chemicals - when magnesia is a starting material for the :production 

of other magnesium salts, such as sulphate, nitrate, etc.; 

- .Pharmaceuticals - s:pecial grades of oxide, hydroxide, mld ca~bonate 

are used in antacids, cosmethics, toothpaste, ointments, milk ot 

magnesia, etc.; 

- Steel coatings - to coat grain orientated silicon steel used in 

electrical transformer corea; 
- lused magnesia • caustic magnesia as a raw material for fused 

magnesia. 

- . - . - . - . . 
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VIII. SU11MARI OP FllUJiirnS At'D RECO.wa.wiDATION~ 

A. Findings 

1. Pi!operties of raw magnesite from Kadoma mine 1 which is eXl>l oi ted at 

present, and which has been used for semi-industrial investigations, 

are almost identical with the pro9erties of the ore, which has been 

used for laboratory scale tests (1984/1985). ~he only one difference 

is the presence of amall quantities of calcite, not registered earlier. 

Average content of lime in the ore waa 3.03 wt. per cent, as used in 

these investigations. 

2. Calcined magnesites, aa produced in the trial tests, have had some­

what finer sizing, good chemical composition (average lime content : 

6.21. wt. per oent), and good mineralogical composition. Being without 

residual oarbonatea1 and having good reactivity, they enabled the 

production of up-graded semi-products •A•, and •B•, of good quality. 

Calcined m61.gnesitea from the il18.in teat have haci better grain size 

diatrib~tion, good chemical composition (average lime content ~ 6.23 

wt. ker cent), and good mineralogical compositions. Due to \lllsuffi­

oient sensitivity ot optical ~yrometer, they have been slightly high­

er, "harde!'•, calcin'ld, at the '!'forking tem:peratures of 960-l020°C , 

pr~viilingly between 980-lOlOu,;. 

3. Both, the tricl testa, aa well as the main test haTe shown that work­

ing temperature during calcining is the most influencing factor for 

the propertie• of calcined magnesite, if it should be u~graded by 

l&feotive ~dration method. On the basis of the results of these semi­

industrial investigations, the optimal war.king temperature for calcin­

ing of Iadoma re:rr magnesite in the rotary kiln 1hould be: 950 ! 20°c. 

4. A.n useful quick practica.l method for the first oontrol of the quality 

of. calcined wagnesite - measuring the litre-mass at the kiln site -

has been developed. It has been found out, that the lit~e-mass values 

of the pr.operly calcined magnesite for this PUl"l>Ose, vary between 

1.0 and 1.15 kg/litre. 

5. During the maiL calcining test about 77 t of celcined magnesite have 

been produced, with the following specific consumption figures pEI." l 

{one) ton of calcined material: 

. I . 



- Raw magnesite 
.. Puel oil 

- .Power 

.. t:f( -

2.16 t 

:597 litre 

105.2 kWh 

Specifi~ consumption ~~gura of 2.16 t of raw magnesite for one ton 

of ·oalcilled material repreaen~a a Yary high grade of utilization of 

the or~• In ~ractice this figure varies between 2.2 and 2.6 t , de­

pending on the tn>• of the ore, on one aide, and on the calcining 
operational conditions, on the other. 

Very high consumption figure for fuel cil ha.a been caused by: 

- the lack of heat .recuperation system with the rotary kiln, used 
for calcining of magnesite; 

• ~otar,y kila being to ahort, partly water co?led (ltiln entr.ance 
has been without refractory li.ning); 

- Tery .i)ower:tul e.zauat f'an (taking to much heat out of' the kiln); 

- Tery high temperature of the calcined mater:i al, when leaTiug the 
rotary kiln; 

- cold secondary air, et,., etc • 

.Model'?l, very effi~ient kilna for calcining of magnesite, dependin~ on 

it.a capacity, and c,n 1.he propartioa of the ore in question, would 
conaumei 

- Shatt kiln; 
.., llotary .kiln 

100-120 litre of fuel oil 

160-200 litre of fuel oil • 

6 • .Prom the beat trial ~rooeasing tests, semi-product •A• co~tained 3-.26 

wt. per cent of lime (coneaponding to a.45 pe.r oent of the real lime 
content). 

7. During the main teat following quantities of aemi-producta have been 
obtained: 

• SP• A 

- SP - B 19.l t 

.. SP - C Z!.4 t 

Poll owing average recoveries of •emi-.Producta have been achieved: - SP• A 32.5 per cent 

- SP - B Zl.7 • • .. SP • C 39.8 • • 
'• I . 
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a. Chemical compositions and recoTeries of semi-products1 aa obtained 

from trial t eat1, main test, r.nd f.rom additional :processing, reapec-

tively1 have bee?' given in the '.fable No. v. 

'.rable No. :!! • 

Chemical Cot"Jl)oaitioua and RecoTeriu of Se::U.-~roducta 

A. Ob~~~!~ ti:2m '.rli~ T!a~s• 

Semi ... product LOI SiO., ... Al203 Fe2'J3 CaO MgO liecc:very 

SP - A 5.63 l.13 0.11 0.20 3,26 89,,67 30.26 
• • " . . • • • • • .. • • • " • . • • • . v • . • • • •• • 

Rt.'al Contel'lt 0 l.20 0.12 c.21 3.45 95.02 

SP - B 6.24 l.14 0.11 o.,20 ·l:.85 87.46 3£1.50 
• • • . • • • • • • • • • • • • • • • • • • • • • • • • • 

lieal Content 0 l.22 0.12 c.21 5.17 93.24 

SP - C 7.79 1.37 0.11 0.20 ll. 27 '79.26 30. 24 
• • • • • • • • • . . • • . ~ . • . . • . . • • • . • 

Real Content 0 l.48 0.12 0.21 12.22 65.96 

B. Obtained fiom Mdn Test: 

SP - A 5.94 1.21 0.11 0.20 3.67 88.87 32.50 
• • • • • . • • • • • • . . • • • • • • . • • • • • • • • 

Real Conten't 0 l.29 0.12 0.21 3.go 94.48 

SP - B 5.66 0,9'7 01ill o-.:!) 4.64 88 • .i:2 27.70 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Real Content 0 l,,03 0.12 0.21 4.92 93.72 

SP • C 7.66 1.01 0.11 0.20 9.16 81.86 39.80 
• • • • • • • • • • • . • • • • • • • • • • • • • • • • • 

Real Content 0 1.09 0.12 0.22 9.92 88.65 

c. Obtained f;g:om Additional Processing {~umbline; + Sc~eeninra): 

S.P • AT 5.64 1.24 0.11 c.20 3.34 89.47 35.55 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Real Content 0 1.31 0.12 o. 2l. 3.54 94.78 

SP • E~ 5.50 o.s2 0.11 0.20 3.46 89.91 48.92 
• • • • • • • • • • • • . • • • • • • • • • • • • • • • • 

Real Content 0 0.87 0.12 a.a 3.66 95.~4 

S? • C~ 8.67 l.33 0.11 o.zo a.02 81.67 17.56 
• • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • 

Real Content 0 1.46 0.12 0.22 8.78 89.45 

. I . 
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~e resulta of the recoTeries, lime contents, and licle reductions, 

as achieved in trial testa, main teat, anti additional ~rocessing, 

respectively, have been shown in the ~able No. 28 • 

!rable No. 28 • 

Recoveries, Lime Contents find Lime R9ductions 

A. Achieyed in ?rial. fests (in per cent): 

Semi-product lleoover;r Lime Contents Lime Reduction 
Before l!ter (Per cent) 

S.P - J. 30.26 6. 2l 3.45 44.44 

S.P .. B 39.50 6.2]. 5.17 16.75 

a. Aqhiex,e!}. in .¥aj.r. !est: 

S.P • A 32.50 fi. 23 3.90 ;s?: .. 40 

!l.P ... B zt.70 6.23 4.92 20.03 

c) !ohi•I•~ bz Addi~iontY: ProcHsin& '!rumb;l;iieg + Screenine;l: 

3.54 43.16 

SP .. B!r 6.23 3.66 il.25 

In the course of the trial testa already the lime reduction by 

44.44 per cent with the semi-product •A• (sizing: -15+3 mm) has 

been achieved. However, with the aemi~product "B" (aizing:-3+1.2 mm) 
ouly thP lime reduction of 16.75 per cent has been achieved, because 

of to small appertures (l • .2Xl.2 mm) of the used sieve. 

In the course of the main test, during which slightly "harder" mate­

rial has been obtained, somewhat lower liwe reduction - 37.40 per cent -

with the semi-product "A" has r$en achieved. Aa to the semi-product "B", 

alightly higher lime reduction - 2().03 per cent - due to bigger apper­

tures ot the lower sieve (l.6xl.6 mm), has been achieved. 

By additional processing of aemi-products "A", and "B", their lime con­

tent has been further reduced. fhis has especciall7 been the caae with 

aemi-product •B•. ~fter this simple technological o~eration following 

lime reduction percentage have been achieved: 

. I . 



- with SP - A!!: 4~.18 per cent, and 

- with SP - B: 41. 25 per cent. 

In this way semi-product •B• has been transferred in the group of 

highest quality grade, to which aleo semi-product •A• belongs. 

fhe results obtained from semi-industrial inYestigations have confirm­

ed, that the up-grading of Iadoma raw magnesite has been successfully 

solYed, and that the sel~ctiva hydration proces~ has enabled to obtain 

semi-products, out of which the d6ad-burr..ed magnesite, DBM-A, can be 

produced, having following chemical composition: 

Si0
2 

1.0 .. l.5 per cent 

Al203 0.1 - 0.15 • .. 
Fe

2
o3 0.15- 0.25 • .. 

CaO 3 - 4 • • 
UgO 94.2 - 95.5 • • 

with the recovery of up to 50 por cent, calculated from the starting 

calcined material, which is used for selective hydration process. 

In addition to the main dead-burned magnesite, DBJi.t,..A, three additional 

grades of dead-burned magnesites could be prod~ced, if the real demand 

for them on the market would exist, i.e.: 

- D:BM-B f=om the semi-product •B• , 

- DBM-BS (stabilized 8inter), from the semi-product SP-B 
with additives, and 

- DBM-D, lowest and cheapest grade of dead burned magnesite 

for the production of ramming and gunning mixes - ~roduced 

by direct dead-burning of raw magnesite RM 5-25, wHhout 

~Y llddi ti ves, 

with chemical COfllllOSitions as given hereunder: 

DBM.-B D~BS DBM-D 

Si,)
2 1.0 - l.5 2.0-2.2 l.O - l.5 

Al203 0.12 0.2 0.12 

Fe
2
o3 o. 21 0.5 o.~ 

Cao 4.5 - 5.0 4.5 - 5.0 6.0 - 8.0 

UgO 93 - 94 92 - 93 90 - 92.5 

. I . 
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9. Of outstanding importance is the fact, found out during semi-indu­

atrial investigations, that even the semi-product "C" represents a 

Taluable1 salable product, what is considerably improving both, the 

technological, and economical viability of the developed process. 

10. On the basis of the results, obtained from semi-industrial investga,. 

tions 1 it is po~sible to define operational conditions for the up­

grading of raw magnesite from Kadoma-mine by selective hydration 

meth~d, as followa: (Block diagram in the Fig. No. 13 ): 

a) Rarr .Magpeaite: 

- Sizing: 

- Silica Content: 

- Lime Content: 

b) Calcining: 

• Equipment: 

- Kiln .Peed: 

- Working temperature 

5-25mm 

up to 1.0 per cent 

up to 4.0 per cent 

a modern rotary kiln with recu­
perative s1stam and cooler 

to be adjusted according to the 
kiln capacity 

960° ! ::o0c 
- Properties of calcined magnesite: 

• Sizing: 0 - 25 mm 

- Lois-on-ignition: 

# Si0
2 

• CaO 

- Litre.Jbaa: 

- st,,ck--piling of calcined 
magneaite: 

c) Pf~ces£!:g ~f c;icin•d.mas:ie­
f __ e '~-m _he ~ock-pile)• 
.. Equipment: 

- WettiLg: 

- .Mixing time: 

- Unloading of drum-mixer: 

- Capacity of container&: 

• Soaking time in containers: 

- Stock-piling of hyd?ated 
material: 

- Screening e~uip9ent: 

mu. l.O :per cent 

max. 2.0 per cent 

max. a.o :per cent 

1.0 • 1.15 kg/litre 

in concrete bunkera with 
ste~l plate lining (7 d~s) 

Drum mixer, 25 r/min., or similar 

5 wt. per cent of water 

une mim:.te 

in zinc-plated or stainless steel 
containers, covered by detachable lid 

500..1000 litres 

min. 24 hours 

in concrete silos, or bunkers 

double-deck r;brating screen, ad­
justed to plant capacity, dech sted 

• I . 
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- Wire sieves: u~~er position: 3.l5x3.15 mm (to be adjusted if 
necessary) -~ 

lower position: l.4xl.4 mm (to be adjusted if 
necessary) 

d) Additiona1 Process~: 

- ~umblillg Equipment: 

• Screening Equipment: 

e) Final producta: 

- Semi-product 

- Semi-product 

- Semi-product 

• Semi-product 

.. Semi-product 

... Semi-:produot 

•A• 

•B• 
•c• 

•Af• 

•BT• 

•ct• 

' Drum mixer, as aboTe 

Vybrating acreen1 aa aboTe 

SP - A 

S.P - B 

SP - C 

S.P .. Al 

SP - BT 
SP - C1: 

Chemical Compositiona and RecoTeriea of Final products have been 

giT•n in the faole No. Z'/ , pago 68 • 

~ . - . - . - . - . ~ . ~ 
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B. Recommandations 

l. It ia recommanded that the second phase of semi-industrial investi­

gations with about :!) t of semi-product "A", and about 6 t of semi­

product •B" , be carried out in Yugoslavia/EUROPE as soon as possible, 

according to the proposed Programne of Work, which is attached to this 

Report as the Annex No. • 

2. If the second phase of semi-industrial investigations prooves to be 

successful, it is recomanded to prepare the feasibility study for 

the complete project. 

3. It is recommanded to :further explore the market in SADCC-1 and P~ 

countries for: 

a) All types of basic refractories, 
• 

b) All types of high alumina refractories, and 

c) Caustic calcined magnesite (Semi-product "C•). 

In order to ensure quite relyable informations it is recommanded 

to coll~ct them by direct intervimrinirall bigger potential con­

sumers, enabling the preparation of a very pricise IJARltE~ING StUDY, 

on the basis of which it can be decided on• 

i) the assortment (qualita and shapes) of the bricks 

to be produced, and 

ii) the total capacity of t.he potential refractory plant 

for all final products mentioned above. 

4. It is recommanded that the GEOLOGICAL SURVEY, Harare, soonest pos-,, 
sibly starts the work, which will ensure that the quality and avail-

able reserves for Kadoma ma8iiesite, lumpy chrome ore (FRANCES mine), 

and chrome ore concentrates (Mtoroshanga mine)~ will be properly 

confirmed. 

5. It is recommanded that the additions of the existing staff at the 

Department of .Metal~urgy, liare.re, soones possibly be employed, e­

nabling them to specialise in the fields of ceramics and refrac­

tories.· 

6. It is recommanded to equipp the Ceramic Department of the Depart­

ment of .Metallurgy, Harare, w~ th: 

i) Apparatus f~r determination of Cold-Crushing Strength; 

ii) Apparatus t~r determination of the Refractoriness, and 

• I • 
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iii) A~~a:atus for determination of Refractoriness-under-Load. 

In tlis wizy the De.Partment of aete.llurgy, iiar!U"e, would be enabled 

bot~: a) to ca:£ry out comprehensive investigations in the fields 

of ceramics and refractories, and b) to f 1.irther educate and train 

the skilled staff necessary for future industrial develo,pment of 

Zimbabwe, and for better utilization of huge reserves of non-metallic 

minerals in this country. 

7. It is r&commanded to oe:rry out the investigations on the viability 

of looal raw materials for the ,production of high alumina bricks, 

being that Zil!lbabwe disposes of substantial deposits of kya.nite 1 

sillimanito, corrundum, bauxite, flint cl~, etc. 

s. It is recoDID8Ilded to provide the most important scientific litera,. 

ture (books, journals, etc.) for the fields of ceramics and re:f:rac­

tories, in order to enable the staff to get additional kllowledge1 

as well as acquintance with the newest. developme?!t in these fields. 
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ANNEX No. 1. 

PR.OGRA}IHE OF WORK 

(DP/ZIM/8J/006) 

A. Travels (Belgrade - Vietllla - Harare - Vienna - Belgrade) 

Briefing and debriefing in Vienna - One week 

1. - Inspections of Kadoma Mine and of rotary kiln. 

- Preparatorl" meetings 

- Discussions on Programme 0£ Work and determining 

its extent and the time schedules. 

- Collecting 0f Raw Magnesite Representative Samples 

f'or Trial. Tests: 

a) 50-55 t J-25 mm at Rail.way site 

b) 17-20 t 25-60 mm 

c) 12-15 t 3-60 mm 
(prepared fro~: 75 wt. % 0£ a), and 

25 wt. % of b). 

- Determ~nation 0£ Propert~es: 

i) Grain Size 

ii) Chemical Composition 

iii) Physical Properties 

iv) Mineralogical Composition 

v) DTA/TG.A 

vi) Distribution 0£ Contaminants by Electrom-Micro­

Probe {only on the sample J -60 mm) 

- Evaluation of Results 

Duty Statior:: Kadoma 

Dead Line: 12.05.1987 (excluding distribution 

of contaminants). 

2. First Check of the rotary kiln : 

- Mechani~al Repair of the kiln, including all equip-

ments connected. to it ; 

- Relining of the kiln-entrance with ramming mix ; 

- Cle3ning up of the kiln area ; 

- Preparing of :aepresentati ve S<:Unple2 of Raw .Magnesite 

(stock-piled at Eiffel Flats) ; 

- Check of the rotary kiln in cold state ; 

./. 
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Ensure th9 even feed of rotary kiln (belt conveyor, 

wheel-b~rrows, scale, etc.) ; 

- Ensure sufficient quantity of fuel oil (with its 

characteristics) 

Heat up the kiln when additional l:ining is ready ; 

- Due to the fact that the old lining contains infil~ 

trates and a coating, clean it up by sufficient quan­

tity of raw magnesite 3-25 mm ; 

Check the number of revolutions per minute, as well 

as the possibility of' reaching the worl<ing ternpera-
o ture of up to 1200 C, and take notice of the neces-

sary time period ; 

Find out what are the approximate hourly capacities 

of' the kiln, when calcining raw magnesite at : 

a) 900°C 

b) 1000°C 

c) 11 oo 0 c 

Find out the avarage consumption figure for f'ueloil 

(per hour) f'or working temperatures between 1000°c 

and 1100°c. 

Duty Station Kadoma 

Dead line : 12.05.1987. 

3. Prelininary Calcinit1'7 Test : 

For these tests the following raw magnesite classes : 

a) J-25 mm ; b) 25-60 mm, and c) 3-60 mm shall be used 

and calcined at the working temperatures of 900°c 

1000°c, and 1100°c • 

The approximate quantity of each class shall be 12 t • 

Duty Station Kadoma 

Dead Line : 20.05.1987 • 

4. Determinations of the propertie3 of calcined magnesites 

(9 samples) : 

- Grain Size 

Chemical Composition 

Physical Properties 

- Reactivity 

./. 
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- X-Ray-Pattern 

- D7A/TGA. 

- Evaluation of the results • 

Duty Station 

Dead Line : 

Kadoma/Harare 

2s.a5.1ys7. 

5. Selectivs Hydratior. of' 9 Samples o:f Calcined Magnesites 

- Determination of' properties of 9 x 3 = 27 samples of 

Semi-Products ( 11 A11 , and "B") : 

- Grain Size 

- Chemical Composition 

- Physical Properties 

X-Ray Pattern 

DTA/TGA 

- Evaluation of' the Results 

Defining the optimum Conditions for the main test. 

Duty Station : 

Dead Line : 

Kadoma 

20.0601987. 

6. HAIN TEST - Representative Sample 

- Collecting of' a new representative sample of 150 t 

according to the results of' the preliminary tests. 

- Determination of' the properties 

- Grain Size 

Chemical Composition 

Physical Properties 

DTA/TGA 

- Evaluation of the Results. 

Duty Station : 

Dead Line : 

Kadoma 

26.06.1987. 

7. Main Calcining Test (150 t) : 

- Heating up o:f the Rotary Kiln 

- Production of' approximately 60 t o:f calcined magnesite 

- Process Control (ev~ry 8-hour shift) 

- Grain Size of Calcined magnesite 

- Chemical composition of calcined magnesite 

- Reactivity 

Daily Process Control 

./. 
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- Grain Size (1 Sar.iple) 

- Chemical Composition { 1 Sar:lple) 

Reactivity (1 Sample) 

- Physical Properties (1 Sample) 

a) X-:aay Pc.ttern 

b) DTA/TGA 

- Establishing of specific consumption figures f'or 

Raw Magnesite, Fuel Oil, and Power. 

Duty Station : Kadoma 

Dead Line : 10.07.1987. 

8. Selective Hydration - Main Test : 

- Determination of' the Properties of' Representative 

Sample {60 t) of' Calcined Magnesite : 

Grain Size 

Chemical Composition 

- Reactivity 

- Physical Properties 

- X-Ray-Pattern 

DTA/TGA 

- Production -:Jf approximately 22 tons of Semi-Product 11 A" 

Production of' approximately 18 tons of' Semi-Product "B" 

- Determination of Properties of Semi-Products "A" and "B"; 

- Grain Size 

- Chemical Composition 

- Physycal Properties 

- X-Ray-Pattern 

- fJTA/TGA 

- Establishing of' Recovery of Semi-Products "A" and "B" 
- Evaluation of the Results. 

Duty Station : 

Dead Line : 

Kadoma/Harare 

01.08.1987. 

9. Collectine of Representative Samples of : 

- Lumpy Chrome Ore {Francies Mine), 50-200 mm - 2 t 

- Chrome Ore Concentrates {Mtoroshanga) ; 

- "D-2011 

- "D-26 11 

2 tons 
2 tons 

- Flaked Graphite 0.75 tons 

This will be carried out at appropriate time during 
the progr,amme ./. 
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Preparation of' ~ Terminal Report with Conclusions 

and aecommandations 

Writing and Typing of Master :...:>ages 

~eproductior- of all Photographs and Diagramms 

Reprinting (10 copies) 

Completing, binding, etc. 

Duty Station : Harare 

Dead Lin.e ; 18.08.1987 

11. Indicated Dearl Lines in the Programme of Work willbe 

subject to alteration dP.pending on circurnstancas a­

greed to by the partne~s. 

To th:i." Programme of Work the List of all th£: deter­

minatio.i.1.s, to be carried out, and the delivery term8 

of relevant corresponding reports is attached. 

Signed this day of JOth April, 1987. 

FOa MI:USTRY OF MINES 

~. Ushewolrunze, 

Pe1·manent Secretary 

UNIDO EXPE1<TS 

J. Vlajcic 

I. Budimir 
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(DP/ZD!/SJ/006) 

~rmination~ to be carried vut : 

1 ) CheMical Anal:zses of l·igCOJ 

a) IngreG.ients: LOI, Si02 , Al
2
o

3
, Fe2o31 cao, NgO (2 days) 

b) " LOI, Si0
2

, Cao - (2 days), up to 7 samples 

2) Chemical Analyses of Calcined Me,,O : 

a) LOI, 

b) LOI, 
Si02 , Al 2o

3
, 

SiO..., and Cao 
,:.. 

Fe2o
3

, Cao and MgO 

(2 days) 

c) B
2
o

3 
(exceptionally) (1 week) 

J) Chemical Analyses of Semi-Products : 

a) LOI, Si0
2 , A1

2
o

3
, Fe

2
o

3
, CaO and }IgO 

b) LOI, Si02 and Cao (2 days) 

c) B2o
3

(exceptionally) (1 week) 

4) Ch~mical Analyses of Chrome Ore : 

S) £'1-cmi~al Analysis of' Flaked Graphit~ 

C %, Ash Content (J days) 

Grain Size 

6) Grain Size Determinations 

(2 days) 

(2 days) 

a) J, 5, 10, 15 and 25 mm (J-25 mm Raw Mgco
3

) - (1 day) 

b) 3,5,10,15,25,40 az:d 60 mrn(J-60 raw Mgco
3

) '· day) 

c) 25, 40 and 60 mm (.?.5-60 mm rai.r Hg~u3 ) - ~- i day) 

d) 1, J, s~ 10, 15 anc:! 25 mm (calcined NgO) - (1 day) 

e) J, 5, 1 o, 1.S mm (Semi-Products) "A" - ( 1 day) 

f') 1, 2, and J mm (Semi-Product) "B" - (1 day) 

g) 5, 10, 20, 50 al'.ld 100 mm (Lumpy Chrome ore)- (1 day) 

h) 0,1; 0,5; 1, 2, and J mm (D-20 chr.ore conc)-(1 day) 

i) O, 1 ; O, 5; 1 , 2, anc 3 mm ( D-2 6 " " 11 
- ( 1 day) 

j) 0,1; 0,2; 0,5; 0,75 a11d 1 mm (Flaked graph.)- (1 day) 

./. 
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7. Physical Properties Determinations 

8. 

9. 

1 o. 

a) BUlk Density (1 day) 

Raw ~fagnesi te 

Chrome Ore and/or Concentrate 

b) Density (1 day) 

- Raw Nagne~ite 

Chrome Ore and/or Concentrate 

c} Wei,<;ht of' 1 li tr~ of' Volume 

- Raw Hag:ie5ite 

Calcined HgO 

Semi-Products {"A" and "B") 

(1 day) 

Crushed Chrome Ore and Concentrates 

Flaked Gr<l.phite 

DTA-Determinations (1 day) 

Raw Magnesite (various grain sizes) 

Calcined MgO 

Semi-Products ("A" and ''B") 

X-Ray-Patterns ('1 Gay) 

Raw ~lB'CO 
3 

{various grai sizes) 

- Calcined MgO 

- Semi-Products {"A" and "B") 
- Chrome ore and Concentrates 

Electron-Micro-Probe (1 week) 

3 -60 mm Raw Magnesite {various coluurs) 

Distributions ryf' Si0
2

, Cao, and MgO 

11 o React! vi ty of' Calcined M.gO ( '1 day) 

D3velopment e;f' a suitable Testing M<:lthod and 

Determinations of : 

Various Samples from Trial 1.'ests 

Various Sa~ples from Main Test. 

- . - . - . - . -
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.'..~.::.:.:;x :~o. 2 . 

.1.:l ... ~.1.'t.Ll:.1: 

?I~LD: 3Sc. 1983 

DliR AT I G : 

.-i.. University Vacatiors (1981 - 1983) 

Employer: ~niversity of limbabwe 

Post(s) 

Duties 

(a) 

( b) 

Department of Chemistry 

Institute of Mining Research 

Research ~ssista~t 

(i) Setting up experiments 

(ii) rtnalytical chemi8try 

(iii) Compiling catalogues for X~F and 

XRD standards 

(iv) Interpreting experimental 

results 

B. Full-Time (1984 - 1987) 

It;mployer: Department uf Meta::.lurgy, i':inistry of 

Mines 

Post(s) (1/4/1984 - 1/4/1986): Chemist and .c:.ctin~ 
Chief of the Ceramics 

Duties: ( i) 

Non-metaliics section 

as fro~ 1/)/1984 

Ad~inistering the ceramics 

section. 

(ii) Testing, evaluating and up-

grading non-metallic raw 

materials) or prodncts. 

(iii~ Re~~arch and development of 

non-metallic mine~als based 
~roducts (iDcludin~ fine cerafuics 
o,;.d refracto:ries) 
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(iv) [cderstudyin~ acd assisting 

U1IJO experts on Frojects on 

non-metallics in ~i~tabwe. 

Fost(s) (1/4/1980 - present): Clay Specialist and 

Chief of the Ceramics 

Section. 

Duties: ~s above 

~pecific UNIDO sponsored projects under­

taken in this post include:-

(i) Testing, evaluating and processing of alumosilicate 

materials (clays kyanite etc) for the production of 

fine ceramics and refra~tories 

(ii) Laboratory and semi-industrial ben€ficiation of 

Kadoma magnesite for the production of basic 

refractories 

(iii) ~asting and evaluating a whole spectrum of 

Zimbabwedn non-metallic minerals for the 

compilation of a geological inventory on 

Zimbabwean non-metallic miner3ls 

(iv) Technology of fine ceramics production viz: 

technical porcelain products sanitarynare 

nroduction, manufacture of wall tiles and the 

develo?ment of fine ceramics glazes from mainly 

liimbabwean raw materials. 

(v) n preliminary market survey acd a pre-feasibilty 

study on the production of iimbabwe's non-metallic 

minBrals and products supply and dfmand with a vie~ 

to deliheating the main lines for the develcpment of 

the non-metallic minerals sector in Zimbab~e. 

FURTHUi. PRCf:'.:~.iSICI~.t1.1 TRdHING 

1. Attended the first world congress on non-metallic 

minera}.s held ir: Belgrade, Yugoslavia. 

2. attended a 2-week technical workshop on the com~lex 

utilisation of non-metallic minerals in developing 
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countries, held in :ilse~, Czechoslovakia. 

3. Under~ook U3IDC fellowship program3es ia Hungarian 

and Polish factories ~~i research institutes as 

follows:· 

""• Hu1G,;.RY (2 11C~1THS) 

fro .;rr :iIDl'l e : -

Flo.ce 

Place: 

2. Programme: 

Place: -·--

( . \ l. . Technology of manufacture 

of sanitaryware. 

(ii) porcelain table~are 

production technology 

(iii) floor and ~all tile 

production technology 

(iv) m~jolika production 

(v) production of kiln 

furniture - cordierite and 

~iC 

(vi) energy diagnostics 

(vii) constructional and design 

aspects of a pilot plant 

rotary !ri t kiln 
II 

Alfoldi porcelaingyar in 
,, " 

Hodmezov~sarhely and Budapest 

Porcelangyar in Budapest 

Crganisation of research and 

p~oblems associated with:-

- fine ceramics 

silicate chemistry 

- glass technonogical measure­

ments 

- production of refractory ce~ents 

- some special ceramics 

' Zolnay Porcelanyar in Fees. 
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4. Progra.m~e:-

Tec~nology of ~roduction of low and ~idale te~sioh 

insulators and ~he pro~uction of otter t~c~~ical 

ceramics. 

II If 

Place:- KCRB.1IIT,..I FOnCE1Al.GYAR (KCRPCC) 

IH BUDAPEST 

5. ?rograrnme:-

Production technology for magnesite based 

refractories and consultations on the application 

of various basic refractories and on the design of 

laboratory furnaces. 

3. ?OLA.NTI (2 MONTHS) 

Programme:-

a) Technology of manufacture and ap~lication of refractories: 

raw materials their upgrading, tasting and processing 

unit O}erations in the refractories technology: batch 

priparation; shapes forming (including pressiLg) ~ 

drying and firing; interoperational controlling; plant 

equipment and the organisation of pro~uction; 

standard and unconwentional methods of testing refractory 

materials and products. Technology of application 

of refractories in iron and steel works. 

b) Technology of manufacture of special cera.11ics: 

crucibles, tubes, suppotts abrasion resistant elements, 

etc. 
c) The pro~lems of research in refratories and special 

ceramics. 

d) Design of industrial furnaces. 

Places:-
1. Biuro Frojektwo Przemyslu wat~riatow ogniotrwalych 

"Bipromog" - Gliwice 

2. The refractories institute - Gliwice 

3. Magnesite refrbctories plant (Zaklady magnezytowe in 

Ror,zyyxw) 

4. Factory for the production of alumosilicate and high 

alu~ina refractories. 
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(Sltawinske Zakladay iiil.aterialow O;;.uiot:nralych in 

Skawi..:ia) 

5. .Alumosilicate to high alumina factory 

(Zaklady Surowcow Ogniotrwalych •Gorka" in 

trzebina). 

6. Katowice Iron Works (Huta Katowice) 

7. Kracow Iron Works (Huta im Lenina) 
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_,1._ . .:.~..:\. .... 0. 

C G J. ::l I C ~ L 'J :: 

.;ex: 

Jate of li:::.-th: 

?la(:3 af 3.i_rth: 

·- . . . . t ..:,a. tior..a.1..l. y: 

~i:izenshi!): 

aesiien;ial ~ddress: 

Postal ~ddress: 

3usiness ~ddress: 

Home ?hone :,lumber: 

:3usiness ..t'!'lone :~umbar: 

::.JUCATION 

1967 1968 

1968 1971 

1972 1 q7z 
/ ' .,, 

1974 1977 

1978 - 1979 

:·:.ale 

?·:ay' 

26 ye'lrs 

iiarare/ZH.JA.D..i--; 

:::ingle 

3i::.babwean 

20, :•:ari:nba .?ark, .:::.eka ~~-caC.., ]arg,re/Z.3:!•3.d..B':i~ 

P.O. Box ST 211, Southerton, Earg,re/:,I:;3A.3' .. E 

DEP.A.HTM~Nl' OF r·STALLtiRGY, P C :Box 8),10, 
Causeway, :fa:::are/ZIHB.AB',{~; 

62821 

726629/0 

Ya.11urayi ::;overnmer.t Sc!:«Jol 

.{ad.zar..ayi :o•rerr.men t School 

E~r~zell iri~ary 3chool 

St George's Colle€e 
following results: 

Chemistry 
J;;a therna tics 
English Language 
~nglish Literature 
Human Biology 
~eogra;~y 

Physics (1973) 
:-iisto::y 
;\e lig. 3 tu dies 
Frer.ch 

'M' Level: 

ChemistrJ 
?ure .J.: A;;ipli ed 

lfa the!r,a tics 

G.C.i 'C' Level with 

_.\ 

E 
.3 
c 

r< 
v 

c 
' .... 

6 



( 1 ) 
(2) 
\3) 
( .+) 

?ure .. a theu:?. tics 
Ana:!..ysis 
L~near .a6e ':lra 
St.tis tics 
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University of Zi::.babwe 

Geolois l 1982} 

(1) 
( ?'; 
-1 

(3) 
( 4) 
(5) 
(6) 

Crystalo5raphy 
:·:ine ral ogy 
Pateotology 
Petr:>logy 
~tratigraphy of Zimbabwe 
riapping and Geomorphology 

3ioci2~is:ry (1gs; - 1985) 

~1) 
f ?) \.-
( 3) 
( 4) 
(5) 
\6) 
1..7) 
lS) 
(9) 

( 1?) 
( 11) 

i·'.a thabolic ?a ttways ar..d .ir.born <?:o:rors in 
::1itri tic::, 3ioer.ere;-etics, ar..d l;;nzyrr:olo 57 
Drug l·~etabolism 
2or:nong Control at :.olecular level 
~ucleic acids and Ger..3tics 
Lld~strial i•'.icrobiolo.;J 
lm::unocherds try 
iadiochemistr.r 
Spectroscopy as ap]lied to 3iochemistr-J 
Sepa:ra ti on tecnr:iques 
3iochemis~rJ of 3ioloGical ~tructures 

Chemistry (1962 - 1~85) 

J 

---~.- _......, 
.... :..:..~ 

::et.:..bolis::: 

(1) Inorganic ar..d analytical Chemist:ry: 
(2) :Jyster;nti-:: irOU':J C:ne:nistry. ...-et :;iethods 2.r.d ::_r;stn::::ent:o.l :nefoods 

of aflalyses. Srgar.o:!:etalli-:: wd coordL1ation c::-.eriist!':'f· ;_,olve.::it 
extr~ctior.. Ion exchan6e, 0pectrocte~istry or com~lex ions. 
Chemistry of tne .L2.nthanides. ~xtr::i.ctive :::etdlur:'.'J• 

l2) ?hysical Chemistry: 
,,,uantun :•;ec~'1ar.ics. 
=iectrocnemist!"'J. 

3ta tis ti cal 'l'her:r.od.p:-::.:ni C3. Ior. e~uili bria. 
rher::!OChemistry. Colli;ative pro?erties. 

Surface cner<:istry. Llec tl.ic and rr.at:,·uetic pro;::ier:.ies of molecales. 
l'he:cy of s';)ectrosco~y. ·rr:3.m;~;ort ?heno:-ner.a a:i.d ::iolutior. !~ir.etics. 
?hase J.ule. Computer :.::cier:.ce ana. its 3.~~lic;::_tion t0 r.umeric;i.l 

appro·.d::na tions. 
(3) Organic ~h2mis ,ry; 

Stereochemist:;:-y and R2a.cti·;i t;r. 
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S;-ec~r~scJ-py 3..!:d St::"1.1C°tU.i.'e. C:-;-G...;.ic sJ·r .. ~tesc3, :_::!'o~~:-ti.es .:~-.;.d. 

us~3 G-: 3.li ?~2. tics :L.~ci a:ror.ict ti:;s. -~rsm2.. tici ty. .--..d"rEir:ce 1.l ~e~.c i:;i.o:l 
~·~2c:-;.P ... nics. : olynuclaa~ a.!"0:1-:.!. tic Cl~t?r::i .3 -~ry. ::e te:-".J::..·.;~:!.. ear ·:::-ie=is--c::-::·. 
Jicmol'9c1..i..les 8.J1d c.~rci:l0:?"~!1s. 

c:i.erust~r a.r,.i .Diocher::istry 

i:atl::e!JJ.atics and i..i-eo2.o.;-;/ 

?I~~.:::. DAR :t::SULT::> : Cherr.istry 
3iochecistry 

G-r3.dc EI 
Gr:.de II 

::u1y 1986 

t0~1': 

lJU'l'l§ 
J~ly 1986 - ?eb.87 

:.a.rcn to ~resent: 

H:;;._I,'Ei ~CCORD 

:i:I~CEL:i.i<l1 EO\J~ 
r~~;iom .. ·,:rrm;: 

?t"'I'lIG: ?LANS: 

5arar~, XJ..gus t, : 9c;7 

.Sir Jame3 ::cJonald .M.YJ?nue, Earare/:;E3A.Bv/E 

Highar Technician 

i) ~~outine i·:ineral iroc~ssing of O::-es 

ii) Investi.~aticn i:i-:o ores which :lo not resciond to 
ro~tine tre3.t~ent. 

iii) Ir-.v2sti~a ti on into a~::lic11Jili 7;;; of :-ece!'1.t 
a~vances in :::i~:e:·3.l ex".:r::.c-:;io:: ":ci cc:.r i.oca.l ::.J?eC.s. 

i) !".oc:.tine ar:alj·sis of r.0n-rr.etallic ;:;:,.w :::at rials 
ar.d quality co!'ltrol of cer8.l!lic ~roC.ucts; 

ii) Investi~3.te the :.;.se of -:.ocs.2.=.y ::ivai~.a'.; 1 2 r.J:-.·· 
,-r;.; tallic raw rna 'le rials in tne pr0c:uc ti :u of 
c2r&.:nic prod.11,J:s. 

i) To st1,u.; fer a !'."ost GraJua t~ '.::ot:rse in 
Cer3.mic Tec::::olog-J 

ii) To develop oethods of u;:c;::"3.C.~nr; local. nw 
materials so the~' r:-2.n ·oe used L-. :l:e ~·:"'oductio:1 
of those csrarnic prod'.lct~ ·;,1hich are a: :;creser..t 
bei!'l"];' :i..:nported. 
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An.uex No. 4 • 

LIS~ Ol!' ~UIP.il&EN? fO BE l'ROVIDED FOE SELiiI­
. IUDUS?RliL INVESUGAUOB:i IN ZDm..LBWE 

1). Rubber B9lt. Conveyor that can also be m3bile. Intended for feeding 

of a6llli-induatrial rotary kiln with raw magnesite. 

2). Semi-indue~rial lictary liln for the plazmed send-industrial inve­

atigationa• the existing kil:a in liff el l!'lata ( uder the roof could 

be used (10400 mm ef length). ?he kiln has t.o be adopted and mecha.­

DicU.ly repaired, aa well aa lined with refractery bricks •f '1.dequate 

quality for the working temperature of i20o•c. 

ler this kiln an adequate burner is to be prn'i.ded, to use light 

diesel Gil er ea;~h gaa, ellabling proper calcination of raw magne­

aite up t• i20o•c, according to the kiln capacity • 

.Prior te the begimiing of work, the kiln is to be mechanically 

tested ill cold state. 

3). Optical :femperature Measuring Instrument to control working tempe­

rature iu the rotary kiln during calcining. Its measuring range 

.1holld be approximately 700°-1300°c, with accuracy ef ! l0°c. 

fhe inatrUJ181lt ia to enable the whole qu~.tity of raw magnesite 

to be as evenly calcined as pou.ible, as well as te enable the 

tampel'ature contrel at different level a. 

4). llixe~ fQr Wetting of Calcined .Magnesite. For this process a mobile 

mixer oauld be used, like the one uaed for mixing of concret" in 

civil engill.~ering. It should be about 100 litres of volume, or close 

to that, which can be obtained on t.he market - from regular serial 

production~ 

5) Containers made of &inc plated she~t, about 75 litres of volume 

(20 pieces). ih9 contain9rs are intended for taking over of cal­

cined magnesite, after being wetted in concrete mixer. ~he 20 pea 

Al are to ensure undisturbed work !or 2 - 3 da.ys. 

. I • 
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6) • Vybrating screen, double-deck, with capacity of 200-250 kg/hour. • 

no special requests are made regarding co~struction of the screen 

itself (it is only desirable that it should be dedusted), an ordi­

nary screen from regular production could be used, having about the 

required capacity, which can be found in Zimbabwe. A:;;ipertures of 

the screen sgould be as follows: a) the upper screen: 3 x 3 mm ; 

b) the lower screen: 1 x l mm. !he screens used in civil engineer­

ing could be applied for this :purpose. 

7). Cold Crwihing fester with the Attachement for pressing of the spe­

cimens to be tested. 

!he tester is indispensable for deTelopment of new p:i:oc•iucts in fine 

and 'oorse ceramics and construction materiale. It would consider­

ably facilitste the work a!ld extend the aatiTities ot the De~s;rtment 

of ltetallura, liarare. An offer of t.he best boWll European producer 

waa acquired (!ONI-lilEL Prf1fsysteme, D-6707 Schifferstadt, ~o. 1982/ 

85/Ci c1f 16th October 1985). A copy of this offer has ·oeen submittei 

to Zinbabwean partner. 

.. . - . - . -
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Annex No. 5 • 

RECOllllll:ANDATIONS 

How t.o prepare t.he rotary kiln at Eiffel Flats 

for the calcining of magnesite 

l). Please provide a bin and a (belt) conveyor, so that 

even feed of the kiln, and the measuring of the ~ 

terial (by wight or by volume) can be ensured. 

2). Due to the rel&tively high working temperatures (up 

to 1200°C) it is advisable to reline (ca. 2.5 meter) 

the entrsnce of the kiln with the fire clq bricks, in 

order to avoid plastic deformation of the shell, as 

well aa high abrasion of the same. 

~). It would be very ~elp!ul. to replace the existing thermo­

meter by a thermocouple (up to 1400°C or higher), which 

should be built ill in the same hole - for the control 

of the calcining process. 

4). It would be, also., very helpful to ensure an optical 

RYrometer (up to 1400°C or higher), for taking the 

temperatures at varioua olaces in the kiln. 

5). Cozitinuous discharge of the kiln should be ensured in 

order to avoid contamination of calcined material, the 

weight of which should be possibly measured. 

6). luel (diesel) oil pump and burner should ensure enough 

heat, for reaching working temperature of the kiln 

(1200°c) with the full capacity ~f feed. 

7). All relevant data for the fuel oil (aah and sulphur 

content, calorific value, eta.) should be provided. 

8). ~~e kiln inside, as well as the ,platform around the 

kiln must be quite clean. 

9). It is expected that the chemical laboratory at the site 

will supply necessary result.a for the raw magnesite 

and calcined material within one d~. 

Harare, Dec. 1986. • I • 
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A1~~-l'EX :-lo • 6 • 

COLLECTING OF REP~{ESE~ff-:..TIVE SA:-:PLES 

- RAW MAGNESITE -

Herewith we confirm to have taken from KADOMA ~L\GNESITE (PVT) 

LTD, Kadofila/ZD1BABWE, following represantative samples : 

1. On Tuesday, 05. May 1987 1 and on Wednesday, 06. May 19§1.: 

About 40.o t of crushed and washed raw magnesit2 on 05. 

Hay, al'.'.d about 20.o t on 06. May 1987', taken :from the 

stock-pile at rai1way sites (weighing about 1,500 tac­

cording to the Mine evidence, and corresponding with 

the production o:f one month), containing particles from 

J - 25 mm, as prepared for delivery to South A.frican 

consumers ; 

Procedure: 

From the mentioned stock-pile, having circumference of 

about 120 metres, and the height of about 1.60 metres , 

the samples weighing about 1 t of magriesite have been 

taken by front-end loader, as evenly spread as possible 

from the bottom up to the top, at the distances of about 

2 metres apart. A11 sapmples taken have beetl unloaded in 

one self-unloading lorry. It was tried to reach some homo­

genization during unloading of front 7 end loader, by spray­

ing the sample over the whole surface of lorry container. 

Total weight of this sample has been determined by weigh­

ing out all three loads on the bridge scale in Kadoma.The 

whole quantity of this representative sample has been un­

loaded on a concrete surface close to the rotary kiln of 

"CTS"-plant of RIO TINTO, at Ei:f':fel Flats, which has been 

later on used :for the calcining test. 

2. On Friday, 08. May 1987 

About 22.o t o:f crushed and washed raw magnesite taken 

from the vybraHng screen (over.flow) a£ter primary crueher, 

containing particles :from 25-60 mm. 

./. 
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Procedure : 

One showel (about 5 kg) has been taken every 5 minutes 

from the vybrating screen overflow and collected in the 

course of about eight working days. The collected quan­

tity has be'ln 1-:>aded by a front-end loader into one self­

unioading lorry. Here, also, it was tried tu reach some 

homogenization during unloading of the front-end loader, 

by dissipating the sample over the whole ~nirf'ace of lorry-

container. 
This representative sample has been also.unloaded on a 

concrete platform close to the rotary kiln of "CTS"-plant 

of RIO TINTO, at Eiffel Flats, as mentioned above. 

3. On Friday, 08. May 1987 

At 

About 12 t of the representative sample, containing the 

particles of J-60 mm ha~ been prepared in CTS-plant of RIO 

TINTO, at Ei~fel Flats, in the following way : 

A quantity or 9.o t of the sample, mentioned under item 

1. of this Annex, has been s~read on the concrete plat­

form close to the rotary kiln, and a quantity of J.o t 

of the sample, mentioned under the item 2. of this An­

nex (i.e. 25-60 mm), has been dissipated over the first­

ly mentioned sample (3-25 mm). Thorough mixing of both 

samples has been repeated three times. The new ~ample 

consisted of 75 w. per cent of the particles 3-25 mm, 

and 25 w. per cent of the particles 25-60 mm. This pro­

portion of both grain size classes has been found out 

from the mine management, as being typical for a very 

long period of time. 

Provision has bean made to avoid any contamination of the 

samples during the transportation, as ~·~ell as during the 

time of keeping them stock-piled at the CTS-plant, at 

Eiffel Flats. 

08. May 1987. 
For Dep.of Metallurgy: 

,,/ y•Mapiravana 
I 

./. 
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Li tre-:-!ass is the mass of one :titre of a material, which is 

loosely filled in an appropriate measuring container. T~e 

litre-mass of the calcined ma,;nesite represents one of its 

very important properties, showin,:; the extent of its densi­

fication during the calcining process, and allowing a quick 

~ontrol of the same. This value is indispensable for the de­

sign of shutes, conveyors, silos, bunkers, etc. 

Samplin5: Depending on the nature of the material, and on the 

stability of the production process, sampling should be carri­

ed out every 1, 2, 4, or 8 ho~rs, respectively. In the case of 

calcined magnesite, the sample taken from the rotary, or of 

shaft kiln should be about 100-120 kg, and let to cool down to 

50°c. After thorou~h mixing, the representative sample should 

be taken by a sar.ipler, or by spot-method. The sample, so pre­

pared, should be used for the determination. 

Container :for this detgrmination, pre:ferably made o:f stainless 

steel, and having cYlindrical form, with a volume o:f about 20 

to 25 litres {D ; H = 1.5- 2), which should be exactly pre­

determined by means of a water measuring jar. Appripriate di­

mensions o:f the container could be: D = 25 cm, and rt = 40-50 cm. 

Determination: The container should loosely be filled up with 

the material, so that a conical pile above the edges be :formed. 

The excess of the material should be removed by a scrape, i.e 

with a hard cbject being pulled over the edges of container. 

During the filling up, and of' scraping, container must not be 

shaken. After that, so filled container should be wighed out 

with an accuracy of + 0.1 kg • 

Calculation should be matfe_be; using :followin;; equation, i.e.: 
1 

Litre-Mass = {kg/litre) 
v 

where: 

G = Weight of the full container, in kg, 

Gl = 1lei13'ht of' the empty container,in kg, 

v = Volume of' the container, in litre='• 

Dur in:; this investigations this rr.ethod has proven to be very 

practical and relyable, ensuring re~roducible results. But, 

fer Litre-?':ass-cleterminations every other standard method can 

be used.t as well. 
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A~NEX .No. 9 • 

FUEL SPECIFICATION 

?roduct: Automotive Gas Oil 

Quality: Automotive Gas Oil (100 ~·~ Distillate meeting all 

Requirements of' BS.2869:1970 Oi1 Fuels - Class A 

Colour, ASTM 

Typical 

Result 

Specification 

Limits 

3,5 max. 

Density, kg/litre @ 20°c 
Distillation: 

0,817-0,840 

Recovery @ 350°c, % vol. 

Flash Point, PJ.lCC, 0 c 
Viscosity, Kinematic at 37,8°c, cs 

0 Redwood 1 ® 37,8 c, secs. 
0 Cloud Point, max. C 

Ash, ;~ wt. 

Sediment, ;~ wt. 

Water Content, % vol. 

Carbon Residue, Re.msbottom, on 1 o;~ residue, 
;~ by mass 

Sulphur Content, % wt. 

Corrosive Sulphur, Cu-strip 

Neutralisation Value: 
Strong Acid No., mg KOH/g 

Total \cid No., mg KOH/g 

Diesel Index 

Calorif'ic V::i.lu13, Gros~J MJ/kg 

Calorif'ic Value, Gross HJ/lit. 

45,7 
37,9 

Remark: Data obtained f'rom the Supplyer (SHELL) 

85 min. 

66 min. 

1,6-6,0 
30-40 

0 

0,01 max. 

0,01 max. 

0,05 max. 

0,2 ma..""C, 

O, 5 max. 

1B max. 

Nil 

0,50 max. 

. 58 min. 

45,1 min. 

37, l~ 
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3el~ctive minin~ is undertaken at Kadoma magnesite mine. 

The g~ade of the ore £xtracte~ should always conform to 

tte following chem~cal specifications:-

~ . (' 
:;;, l. "2 

Cao 

About 80t/day are now extracted from ~onday to Friday 

inclusive. As this amount falls far short of the 

capacity of the existing crushing plant, the extracted ore 

is first stockpiled before crushing on alternate days of 

the working week. 

The 205t of 3 - 25mm magnesite ore used in the project 

represent part of ore selectively extracted over 5 days of 

the :regular production, from various points of the mine 

workings ·,;;i th a suitable grade and then crushed ovar 

3 "'70Eking days. 

CCUHT ER- FA!l.'r TE;.,M 

;, .f ,~ / 

·' . -::; < / i . .. /, 
I ·"i :Y-'_, ~-:.. t,. l 

J. i/Iapirava~ L. :;Iareya 
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.\.i~NEX Xo • 11 • 

REPORT Oi A VISIT TO THE KADOMA 
MAGNESITE MINE, KADOMA, C'JERU MINING DISTRICT 

Visited z 11.o6.87 

By z S. SIMANGO 

INTRODUCTION 

The mine was visited at the request of the Director for Metallurgy to reviev~e----­

aituation at the mine re-ore reserves and development in anticipation of the 

proposed .Magnesite-refractories plant. 'l'his was also a familiarisation tour for 

the writer, who is compiling a Magnesite Report for the Mineral Resources Series. 

The writer was accompanied underground by the Shift :Boss, Mr J. Hastings. 

The majority shareholding in tr.e Company, which is incorporated in Zimbabwe, is 

held by Vereeniging Refractories Ltd., of South Africa. 

LOCATION AND ACCESS 

The mine is located on Barton Fa.rm approximately 12 km south east of Kadoma. 

Access from Kadoma is by tarmac road for about 9 km and then by gravel road 

due east for 3 km. 

WORKINGS 

Development has reached 6 level but no work is being carried out there. Most 

work is between 2 and 5 levels. 

5 level east drive was developed in the peri'Jd 1984-85 for talc but with DO 

production. This venture reduced develo~nt for magnesite hence the current low 

ore reserves. Most of ~he development is now in the west drive of 5 level, with 

a small quantity of ore reserTes in the sou+~ drive (no quantities given). 

There is very little work being done ~n 4 level. Bigger scale operations are on 

~ast drive level 2. However mining on this level has been haphazard, this being 

prompted by the selective mining practised at the mine. 

A new mine has been developed on the far east orebody where productfon is expected 

to begin f:rom 6 level to 11 level. 

OBE RESERVES 

The anticipated demand for raw magnesite by the magnesite-refractories plant is 

p-.it at 120 000 tonnes per year to prciduce about 50 000 of refractory products, for 

boih domestic and export mark~+.~, particularly for Pl'A ana SA.DCC countries. The 

South African market srJould also be revie'lt;ed in ter.ns of con',inuing or discontinuing 

exports. If exports of raw magnesite are to be conti~ued this will increase 
~is 

anticipated production to 144 000 tonnes per ~ear. In 7iew of~the delineation 

of mor"!/ ••• 
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of more ore reservec vill be of top priority. The currently quoted ore reserves 

are as follows: 

Proved Reserves 

Ore in sight 

Indicated Reserves 5 and 6 levels 

Sub-Total 

Indicated reserves in far F.ast Zone 
dovn to 11th level 

Total Ore Reserves (all ca.tegories) 

74 000 t 

27 000 t 

104 000 t 

205 000 'ii 

346 000 t 

551 000 t 

These ore reserves would give the mine a runn~ life of less than 4 years from 

the present at the anticipated production requirements. 

!'IINING METHODS DtPLOYED 

Highly selective mining is practiced employing: 

1. Underhand stopi.Dg into vertical ore raises. This method is used in all 

major stope. 
2. Overhand Stoping. This is only used where the vertical extend of on-grade 

material is limited to approximately 5 metres. 
Stope sizes vary greatly from vidtha of 8,3 metres up to 15 metreE1. Stope 

sizes are detemined by the grade ot ore. 

The ground is easy to break for mining but very stable with no ground suppor't 

required. 

GRADE CONTROL 
Extremely selective mining is practiced. Sludge samples are col:ected frc..m 1 metre 

holes drilled at approximatd7 1,5 metre intervals, in all atope faces prior to 

drilling ~he face for blasting. 
Samples are assayed on site vi th independent checks being done once a veek on 

random samples. Checks are done by Rio Tinto Analytical Labora~ories. SSlllples 

are analysed for loss of ignition, insolubles i.e. silica ~~c lim~. 

MARKETS 

Curr1mtly the mJ.r,e e~rts an average 2 000 tonnes of rav m38tle8i te to South 

African manufacturers of rttfractory bricks, vi th a small volume of lees than 

2 per cent of gem quality magnesite going to another South African buyer. The ~av 

!1188?lelli te ill 11old in the fol"ll of cr.ished ore ( +4 mm .. 25 mm). 

Local consumption is less than 3 000 tonnes a year. The conswner• are G & W 

Industrial Minerals, 2 800 tonne• and w.s. Craster Ltd., 138 tonnes. 

_EROBI»!S/ ••• 
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PROBIJ.MS J'ACIBG THE MINE 

The most significant problems facing the mine area 

1. Erratic grades of the ore: EYen vith stream lined selective mining, this one 

factur will always haYe to be reckoned vith. 

The erratic grades are complicated by fault tuffa referred to as "mud fissures" 

by the miners. Where these are thick they tend to dilute the ore. Overall 

fissures tend to thin-out vith depth and their effect reduced. 

ii. Water: The mine and the surrounding area is Yer:y dr:y. SeYeral boreholes have 

been sunk by the mine in an effort to find water reserves but all were dry. 

Currently all water used by the mine is bought f:rom Kadoma Municipality. There 

is a threat to this supply if a nev water vorks is commissioned vhich will use 

a different pi~ ... This issue should be raised with the appropiate authorities. 

iii. Geology: There is no geological input during development vork. The company 

geologist, vho is re9ident in South Africa, only Yisits the mine for a few days 

in a year and his last visit vas a year ago at the time of reporting. It r;hould 

~e appre~iated lhat vith this type of deposit a lot of geological input is 

required and more so vith the anticipated increase in production targets. 

Others 
o...~ 

i. Lack of feed"'from customers. 

ii. Lack of coDllD1lJlication with senior management. It appears the mine is 

considered only a.s a supplier vi th no interest shovn in its day to day 

running etc. 

iii. Shortage of speres. This is a pro1'lem common to the min~ industry in 

Zimbabwe which requires an indepth review. 

CONCLUSIONS AND :RECOMMENDATIONS 

Although ~be mine is currently meeting its market requirements, in view of the 

anticipated increase in production to meet demand from the magnesjte refractories 

plant the following recommendations are made. 

i. '!'here has to be a concerted deYelo111ent effort to delineate more ore reserYes. 

This can only be accompliohed •atisfactorily i! all levels o! the mine baTe 

been completely 1:1apped and sampled. For this a comprehensive geological illput 

is required, ooth undergrounci. and on surface. 

11. The pr.?sent haulage system needs extensive renovation. Even wHh the current 

small production of 2 000 t/month, the system is still very labour intensiTe 

and ineffi~ient. A minirJ8 engine~riug report on this is imperative. 

iii. The/ ••• 
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iii. The selective mining currently practiced should be stre9mlined to accommodate 

slightly lower grade ore. This vill greatly increa~e ore reserves. However, 

this can onl7 be achieved by upgrading the lower grade ore using a very 

efficient beneficiation plant. This will entail more sophisticated ore 

handling .':acilities (see above). The Pande .Mine is referred to on this. 

It is worth noting here that while the mine sells its rav product at about 

ZS28 per tonne. G & W beneficiates and resells at Z$328 per tonne. 

iv. An apprais.-.1 of the ground conditions is required pa.-:ticularly from 2 level 

upwards. 

v. Analytical techniques currently used in grade control procedures need a 

thorough review. 

COMMENTS 

The magnesite body io estimated to be 2 km long by 100-200 metres vide. The 

current mine has been de~elop~ over only 375~etres strike to 6 level. Even with 

high ~· ore compris1.ng less than 20 per cent by volume of the total magnesite 

body, the deposit is of a very high potential and shonld be fully developed to 

allow ma.ximum recovery of the magnesi~e. 

Mr Odendaal, the Manager is thanked for releasing confidential reports for the 

writer's reference. 

GFAJLOGICAL ~'URVEr DEFA.RTHENT 
P.O. :BOX 8039 
CAUS~AY 

07 07 67 

SS/GM 

S. SIMANGO 
ECONOMIC GEOLOGIST 

• 
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JUlliEX No. 1.2 • 

PB.OFOSED .P.ROGIWam OF IOil 

II. .Phase of semi-industrial investigations to be caTried out. 

in Yugoslavie/Europe 

l. Necessarx Raw liiaterials: 

l.l Semi-products: S.P - A 1 and SP - B 

Designation Quantity Designation "'uantity 

SP-2J/3 11 3CO kg aiP-2'/16 950 kg 

SP-W°3 i,ooo • SP-25/16 1,750 kg 

SP .. 25/3 2,100 • SF-:!l/16 1,150 • 
~...-.. 26/3 l,~CJO • ~-a/!6 1,150 • 
SP-Z'//3 l, 250 • SP ... 3/16 1,250 • 
sp .. 213/3 l 30v • • 

i asa • 1'v+:al 6,250 kg 
SP-Zl/3 ' ===~===========-===-
sp ... 30/3 2, ti:;O • 

SP-1/3 l, 950 • 

SP-2/':J 2,050 .. 

SP-3/3 2,000 • 

SP-4/3 1,800 • 

~otal 20,450 kg 
======================= 
- -

1.2 Chrome ore Concentrates: (Mtoroshanga mine): 

D-20 2, 000 kg 

2,000 kg 

1.3 ll.ake Graphite (LIN~e): 

A...15 1,000 kg 

l.4 Determination of the Properties of all Raw Materials: 

- Chemical Composition, 

- Mineralogical Composition, 

... llicrostructure, 

PlJ¥sical Properties: 

• Density, 

.. Bulk Density 

- Litre.Jlass 

1.6 Evaluation of the Results 

. I . 
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2. Preparation of Semi-products: SP-A and SP-B for Briquetting 

2.1 Fine milling of about ~ t of S.P-A, and a1'out 6 t of SP-B 

2.2 Determination of Properties of finely milled SP-A and S.P-B 

- Grain Size Distrioution 

.. Litre-Ua.ss 

2.3 Evaluation of the Results 

3. Production of Dense Briquettes, about 14 t of SP-A, and about 4 t SP-B 

3.1 Choice of the operational coLditions for briquetting process 

3.2 Determination of the green briquettes properties: 

- Bulk Density, 

.. Litre-l4ass 

3.3 Determination of specific consumption figures: 

- for finely milled SP-A 

.. for finely milled SP-B 

- electric energy, etc. 

3.4 Evaluation of the Results 

4. Dead-buping of the briquettes in semi-indu!'ltrial kiln 

4.1 Choice of the operational conditions for dead-burning process 

4.2 Regular Control of dead-burning process: 

- Chemical Composition, 

- Bulk Density 

4.3 Production of 10-12 t of dead-burned magnesite DBlJ,..A, and o 4 t 

of dead-burned magnesite DBM-B 

4.4 Determination of properties of DBM-A and DBM-B: 

- Chemical Composition 

- Mineralogical Composition 

- .Miorostructure 
- Size of periclase crystal.ls 

• Pey:3ical properties: 

- Density 

- Bulk Density 

- Porosity 
.. Grain Bulk Density 

.. Hydration Resistance 

. I . 

··' 
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4.5 Determination of Specific consumption figures: 

.. for briquettes 

- for fuel 

- for electric energy 

4.6 Evaluation of all results 

5. Production of about 10-1? t of test bricks (maguesite-, mappesite-

9hrOmt=. and mamesia--carbon-bricks) out of DBlf.,.A 

6.1 Preparation of components and batch mixing 

5.2 Pressing of test bricks 

5.3 Drying and/or tempering of test bricks 

5.4 Pi~ing of test brior.s 

5.5 Determination of properties of all three types of test bricks: 

- Maoroacopio Appearance 

- Chemical Composition 

.. liineralogical Composition 

- Cold-crushing Strength 

- Apparent Porosity 

- Refractoriness-under-Load. 

• ~hermal Shock Xesistance 

- Linear ixpansion Coefficient 

5.6 Determination of Specific consUZZ1];ltion figures for: 

.. Raw .Materials 

- luel 
• Electric Eneri1 

5.7 Evaluation of all results 

6. Pindtngs and Recommandations 

7. Preparation of Pinal Xeport (10 copies +Master Pages). 

D • - • ~ • ~ • -

Remark: ~he extension of the Programme of Work, by including 6 t of 

semi-prod~~t •B• (SP-B) 1 has been recommanded in order to e­

nable the deterliination of o~tlmal oper~tional conditions for: 

a) dead-burning process for DBll.-B, &l'.l~ 

b) stabilizing process tor D~bS. 
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ZIM6~8wE GERMAN GRAPHITE MINES {PRIVATE) Ll~ITED 

p o·sox 200, KAROI 

LABORAToqv ASSAY or SA~PLE 

SAMPLE NO. 6 

CONSIGNEE: nAn-rtment of Met-llur~~ ~··~••••••••••••~•~••••PW•••••• 

•~rf~~\o.q .................•.. , 
E. :rare .~ ........•...............•.•.. 

GRAlilHITE SAMPLE: Flake A 15 

CARBON CONTENT: 90/92~ 

f.PP. DEiJSITY: 

OAT( . 2:i. '1.87 . • ......... • 1. •• 

!SO gr/1-tr. 
2th :B~e l~tn B!!a 

.§.!£TING ANALYSIS: + 315 - 30.0 + 315 -30.2 
44.8 200 43.4 

QUANTITY APPR. 

MARKING: 

OESPTACHEO ON: 

ELt 
ATTENTIO:IJ or: 

TO: 

REMAP.KS: 

.;. .. 
• 

.. 

L~NX 
±ot: 
GK 
MMCZ 
CONSIGNEE 

: 

, 

+ 200 -
+ 160 -14°4 
+ 100 - 10.4 

100 -0.4 

20 :Bags 

Yellow Paint 

Mr J.J.:Bungu 

+ -
+ 160 • 15.0 
+ 100 -11.0 

100 -0.4 

1-This l tonne is representative !or April and· Ha,; 1987 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

production . 
··················································~·····~··· 
·~:~~e sample ia taken from t.Ae 5th and i;th bacs 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

••••••••••••••4•••••••••••••••••••o~• 
.............. /. .. -~ .. 
,~~ 

.StGNATURE: ... 

' 
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