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I. CONCLUSIONS l\'\JD REC0r-!~L-'\NDATIONS 

A. Conclusions 

1. The serni-~roducts SP-A and SP-B, as obtained fron up~radinq 

calcineJ ~a0nesite b~ selective hydration ~ethod in Zi~bab­

wean institutes, were used for these investigations. ror the 

detaills ;ci!idly consult UNiiJO-qenort :-:o. Df'/Zr'./82/006, ::arch 

1985. 

Additional screenina of the serni-prcduct SP-A (2.36 - 16 mffi) 

on 3 x 3 ~~ screen proved useful. The imnrovcd se~i-prod~ct 

SP-A' (3 - 16 mm), with Cao content below 3 ~' was obtained. 

Red~ction of lime content will enable use of se~i-~roduct 

SP-:..' for :;roducticn of higher c•ual it:- dead ht.;rr:.eC. ;r:a,~nes i te, 

as well as ~agnesite bricks and maanesite-chro~e bricks. 

2. To the serni-:;roduct SP-B (1.18 - 2.36 r:un) fraction 2.36 - 3.0 

mra, as sieved out from the oriqinal semi-praduct SP-A, v.'as 

added. Thus, the ser..i-J)roduct SP-B' ( 1. 18 ·· 3 r.~'n) , now havir.g 

lower lime content (4.42 %),was obtained. This material, with 

some additives, can be used for production of normal ~uality 

dead burned magnesite and magnesite bricks. 

3. Applying the proposed method of beneficiation of raw magnesi­

te from Kadoma (calcining, selective hydration, and screening 

on 1.18 mm and 3 mm screen, res9ectivelY) the following recove­

ries of the semi-products and their li~e contents were achie­

ved. 

Semi-product Fraction,rnrn Recovery Lime content,% 

SP-A' -16 +3 35-40 2.5 - 3 

SP-B' -3 +l.18 30-35 4 - 5 

Tailinas -1.18 28-32 10 - 15 
L 

Input -25 +0 100 6.75 
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So, the tctal recov~ry of both scmi-rroducts, sr-A· and sr-n·, 
amounting uo to a~c'--lt 70%, ·tJhic-i~ can be considered a.s \·er~- ;_:;ood 

for breccia-tyF2 raw ~aanesite havi~0 hi~h li~e content, ~as 

achieved. 

4. B:· direct ~eci.d bc1 r:--,in:.: cf scrni-proC:~:cts SP-f, • ~.rndE:r stationaI·y 

conditions at 1:.he tc:-r-,ncrature of 18l1 f':.;C, :-~ead bJ.rne~i :11.asri.esite, 

designated as DB~·!-Ai::l, cc:-isistLw o~ lic-:ht cind c:a.r~ crru:' r-:-raL1s, 

was obtained. ~ithi:-i ~ineraloaical co~aosition of lia~t grains, 

beside pericl5se, the ~ollo~i~g silicates ~ere foc:-id: ~orsteritc 

( 2H o s· · n l t · · 1 · ... ( , - • 1 · s · C' · •• g .. 11.. 2 , :-:-.on ice.:. ... c..,__e ,cau. -~ro. i 
2

i, 

2Si02 ) and dicalcius silicate (2Ca0.Sin 2 '. In dark ~ray ~rains, 

in addition to periclase, prevailin~ly dicalciu~ silicate anj 

some free li~s ~ere focnd. 

~ 

\._f /CT:'· . ..:.; I \vith m'er 95~ of Hero and !:.;.•lk dsnsit:· cf 3.::i1 

burned maanesit~ ranges to the highest CTuality o~cs, ~rod~~cd cf 

natural !':1.agnesites. Bu.r., the :r:C!in disacl'.o::>::tase 0: "':.'.c:'...s y1ro~iuc':-. L:; 

its rather inhomoqeneous co~rosition and Dresence ~; ~ree li~e, 

causing low hydration resistence. 

5. By additional processing of semi-product SP-A·, trou0!1 fine 

milling, briquetting and dead burning, dea~ burned ma~nesite, 

designed as DBM-A, was obtained. 

Dead burning was performed under statio~ary conditions at tempe­

ratures of 1700, 1800 and 1900°c. Increased temperature of dead 

burning brought about better characteristics of dead burned ~ro­

ducts. At the temperature of 1800°C,ob~ained dead turned magnesite 

had bulk density of 3.32 0/crn 3 and average size of rericlase 

crystals of about 70 µm. Chemical and mineralogical compositions 

of this dead burned magnesite were homogeneous, Ngo content 

high (96.13%) and free lime content very low (0.15%). Mineralogi­

caly, this dead burned magnesite consists prevailingly of peri­

clase (MgO) and of dicalcium silicate (2Ca0.Si0 2 ) and tricalcium 

silicate (3CaO.Si02). With r1g0 content of uver 95%, bulk density 
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of over j. 30 g/ cm3 and \'erv ,-rood hydration resistance, the dE:ad 

burned maanesite 0~1-A belongs to the highest crades, oroduc~J 

of natural ma9nesites. 

6. Additional processin0 c~ sc~i-~roduct SP-B · was achieved by fi~e 

millin~, b~ additions 0f iro~ oxide or 
.. , . ' . a .... h.~l t.ion 

of ire:> cxi1..~e -.ias C.esicnatExi us DB~!-BF anc: the other one, i-:ith 

addition of Si~ 2 , as DBM-BS. 

'T'he oh to ined c:ead l::ur;-ied r:1agnesi te, DWi-BF, ::as sho·..,n ho:c·ccrc-

neous cher.:ical and :-:1ineralog ical coiT,nos i tions, ::1i th :'l,~·0 con ter. t 

of about JI%. Prericlase (~no) is the ~ain constituent of its 

mineralosical co;npo3ition, and then cor:,c dicalcL1m silicoJ:e 

(2CaO.Si0 2 ), tricalcium silicate (3Cn0.Si0 2 l and ciicalciu~ 

ferrite ( 2Ca0.Fey) __ ). E·:dration resistance is ver.r uood . 
..;. .) - -

By dead b~rning at 1800°c mean size cf periclase crystals of 

about 100 um •.Jas obt:i.ined, as ucll as armarent de.rsit~· of 

3.27 g/cm 3·. B:· fin,:;r millinrr a.nc1 by appl:•ing hiqher s;Jecific 

pressure during ~riquetting, obtaining of apparent densit~ of 

3.30 g/cm 3 is expected. 

With these characteristics, this dead burned magnesite ranges 

to medium grades, produced of natural magnesites. 

Dead burned magnesite DBM-bS, nroduced with addition of Sio 2 , 

has the cc.,.1tent of MgO of 92. 37% and beside basic mass of pe­

riclase, dical-:iurn silicate is also present. Its hydration re­

sistance is satisfactory. 

By dead burninq at 18000C mean size of periclase crystals of 

about 70 µm and apparent density of 3.25 g/~m 3 were obtained. 

By finer milling and by applying higher spec1fic pressure du­

ring briquetting, obtaining apparent density of 3.30 g/cm3 is 

expected. 

With these characteristics this dead burn0d ma0nesit9 belongs 

to medium grades, produced of natural magnesites. 
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7. ~n basis of dead burn2d magnesite DBM-A, magnesite bricks were 

proJuced and designated as !''-A, t·1i th r!gO content of C/S. 62't-. 

Mineralogical com~osition of these hricks consists o; nericlase 

(main constituent), dicalcium silicate and t~icalciu~ silicate. 

Ceramic bond is direct (periclase-periclase) or achieved Ly 

means of hiqhly refractor~ silicates, i.e. dic~lciurn and tri­

calciu~ silicate. The bricks are of the follow!nc characteris-

tics: le . .; rorosi ty, good a nparent density, sa. tis factor~· cold 

crushing strengt· , high refractcriness under load and ver~ 

gooJ t!-:ecial shock resistance. 

On bas is of the r0s~1l ts obtained for chemical and Giner<J.lo~i :::al 

compositions, microstr~ctural characteristics anc physical pro­

perties, it can be concluded that macrnEsi te brick :1-.:\. Le longs 

to the highest c:;rade of this tyne, made of r.atural ;;.a:J":--,i::sites. 

8. MagnE.site bricksdesi~mater:l with M-BF, havinc_· 92.1% of McO, ·;1ere 

produced of dead burned magnesite DB~-BF. Their mineralogical 

comnosi~ion consisted of: nericl~se (~ain constituent), dical­

cium silicate, tricalciur.t s'.licate and dicalciurn ferrite. These 

bricks have shown low oorosity, higt a~parent density, good 

cold crushing strenqth and excellent thermal shock resistance. 

Refractoriness un6er load is also very good, though some dical­

ciurn ferrite is present. This is due to ~redornimant effect of 

highly refractory phases, i.e. rericlase, dicalcium silicate 

and tricalcium silicate. On basis of the results obtai.red, ttie 

bricks M-BF belong to medium grade magnesite bricks. 

9. On basis of dead burned magnesite DBM-BS, magnesite bricks 

designated with M-BS, were produced, which contained 91.85% of 

MgO. Beside the main constituent, pericla3e, onlv the presence 

·of dicalcium silicate was observed. Microstructure of this ~rick 

shows that cerarni~ bond is either direct (periclase-periclaseJ, 

or is achieved by means of dicalciurn silicate. The bricks are 

of somewhat higher porosity and lower apparent density. Cold 

crushing strength is satisfactory. Very good refractoriness 

under load was achieved. 
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By adequate improvement of brick mixture composition, lower 

porosity values, within usual limits (16-20%), and ap~arent 

density of 2.85 - 39/cml, could be achieved. 

On basis of the results obtained, it can be concluded that 

the bricks MB-S belong to medium grac:le magnesite bricks. 

10. Taking the obtained results in consideration, it could be said 

that in magnesite bricks l1-3F and M-BS, produced of correspon­

ding ~ualities of dead burned magnesites, i.e. DB~I-BF and 

DBM-BS, high level of free lime "stabilizatio:1" r::as achieved. 

However, both methods of "stabilization", either by adding 

Fe
2
o3 , or by adding Sio2 , have their advanta9es 0r disadvanta-

9es, as far as 8ffect on bricks nroperties is concerned. It 

was concluded that the best re&ults could be achieved with mix­

ture of both additives, in order to chemically bind free lime 

durin~ dead burning process. 

11. For production of magnesite-chrome bricks desi9na ted with !·TC-1\, 

the following starting materials were used: 

- Dead burned magnesite Dill!-A 

- Lumpy chrome ore from Frances Mine, Zimbabwe 

(P.epresentativ-:: samrle taken in ,Jul;.• 1982) and 

- Chrome ore concentrate from Mtoroshanga Mine, Zimbabwe 

(Representative sample taken in Jul~ 1982). 

Content of cr2o3 in these bricks was 16.97%. 

Microstructure of these bricks contained the following mineral 

phases:~ericlase, chromite, secondary chrome spinellides and 

dicalciurn silicate. Chemical bond was based either on direct 

contact between periclase and chromite or on dicalcium silica­

te. The bricks had a satisfactory cold crushing strength, good 

thermophysical properties, low porosity, good apparent density 

and good thermal shock resistance. 

On basis of the results obtained for chemical and mineralogical 

compositions, structural characteristics and thermophysical 
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properties, it can be concluded that the obtained magnesite­

-chrome bricks nC-A are of very good quality. 

12. Generaly speaking, the resultas of laboratory scale investiga­

tions on the possibility of obtaining high ~uality dead burned 

magnesite, magnesite bricks a~d magnesite-chrome bricks of 

upgraded local r~agnesite, chrome ore and chrome ore concentra-

tes, are very ~ositive. 

The obtained de3.d burned magnesite om1-A, with properties of 

highest qaalit•,- products, that can be produced of natural ma­

gnesites, can be used for production of magnesite bricks, 

magnesite-carbon bricks and magnesite-chrome bricks, belon~ing 

also to the highest grade basic bricks. 

The obtained magnesite test bricks and magnesite-chrome test 

bricks, designates as: M-A, ~1-BF, '1-BS and :1c-1,, accordj_ng to 

their characteristics can comnete with corresponding brick 

grades usually used for lining of industrial kilns and furna­

ces in steelmakins, cop~er production, cement industry, and 

the like. 

Dead burned magnesite DBH-A, as well as magnesite bricks n-A, 

and rnahnesite-chrorne bricks ~C-A, by their characteristics 

range to the highest grade of basic refractories produced of 

natural raw materials (rnagnesites). 

B. Recommandations 

1. It is recornrnanded that carrying out of semi-industrial investi­

gations be done as soon as possible, as on laboratory scale 

· basic refractory products were obtained ranging by their ~ro­

perties to the highest grade basic refractories produced of 

natural magnesi tes. '!he main aim of the 9roposed semi-industrial 

investigations is to avoid the risk of an unpleasant surpeise 

of any kind and to get more reliable results for evaluation 

of products quality in all phases of the production rrocess. 
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This is suggested because conditions under which semi-industrial 

investigations are to be carried out are much more similar to 

those in actual industrial production. Process of calcining, 

and particularly of dead burning, ought LO be done under dyn~­

mic conditions, which is even more favourable for nroducts ~ua­

lity. 

Another imoortant aim of serni-industr~al investigations is to 

provide relevant oarameters, such as: specific consumf)tion of 

raw materials, additives, energy, etc., needed for FEASIBILITY 

STUDY elaboration. 

The last, but not the least imryortant aim o~ semi-industr~al 

investiqations is to produce abou~ 10-12 tonnes of basic re­

fractory tricks, which would be actuall ":.' tested by their instal­

lment in industrial kilns and furnacer at rotential consumers 

plants in Africa. 

Detailled Program of semi-industrial investigations is attac­

hed to this Report as Annex No. 2. 

2. It is reconunanded to carry out the proposed semi-industrial in­

vestigations in Zimbabwe to the ~· ~~:ttest rossible extent, de­

pending mostly on the existing e0.ui~rnent and on equipment 

listed in Annex 3, that can be easily purchased with no much 

investment. Procurement of the equipment ought to be done in 

due time, i.e. before beginning of investigations. 

The first part ... , investigations, which is to be carried out 

in Zimbabwe, comprises the followihg: 

- Collecting of representative samples of raw magnesite, chrome 

ore, chrome ore concentrate and flake graphite; 

- Determinetion of the characteristics of all representative 

samples; 

- Calcining of raw magnesite, and 

- Upgrading of calcined m3terial by the m~~hod of selective 
hydration. -
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The second part of investigations should be carried out in 

Yugoslavia/Europe, where it can be done more competently, 

economically and in shorter time period. It should be born in 

mind that 10-12 tonns of refractory bricks of highest grade 

are going to be produced. 

3. It is recornrnanded to adapt the existing semi-industr:i.al rotar'.' 

kiln, 10400 mm of lenght, in Eiffel Flats, near Kadorna, Zimbab­

we, and to ?repare all other needed eouipment for execution of 

the proposed semi-industrial investigations. This also to be 

done before beginning of work. 

4. It is recomrnanded that Government of Zi:::i.babwe should further 

exDlore Qarket in the countries of SADCC and PTA and collect 

addi~ional information necessary for prenaration of ~ffiRKETING 

ANALYSIS for basic refractories. 

5. It is reco1.imanded to GEOLOGOCAL SURVEY, Harare, to check and 

confirm reserves of raw magnesite at Kadoma, with maximum of 

1% of silica and 4% of lime. 

6. It is recorrunand~d to DEPARTMENT OF riETALLURGY to employ some 

new !':'ersonnel to be trained as soon as possible as members of 

counterpart team for work on this project. 

7. It is recormnandsd to start with pre~arations for elaboration 

of the FEASIBILITY STUDY for the potential basic refractories 

plant in Zimbabwe, providing that: 

- semi-industrial investigations solve successfully all techno­

logical ~roblems1 

- MARKETING ANALYSIS confirms the sale of 20,000 - 25,000 tonns 

of basic refractories per annum was ensured; 

- GEOLOGICAL SURVEY, Harare, confirms existence of sufficient 

magnesite ore reservs at Kadoma, meeting demands of noten­

tial basic refractories plant for 20-year operation. 

8. It is recommanded to start with designing and preparing the 

detailled plans an6 drawing~ for the basic refractories plant 
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in Zimbabwe, after the FEASIBILITY STUDY had proved the project 

economical. 

9. It is recommanded to start the training of technical personnel, 

during construction of the plant, in order to have them compe­

tent for work at this new basic refractories plant. 

10. It is recommanded to assign sufficient number of exoerts from 

the know-how supnlier for setting to work the potential basic 

refractories plant. The exDerts should stay in Zimbabwe for 

extended time period, as supervisors and instructors, also ta­

king care of personnel training on site. 
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II. INTRODUCTIO~ 

As there are big reserves of refractory chrome ore and raw 

magnesite in Zimbabwe, one of primary tasks has been to de­

velope refractories industry in order to evoid import of re­

fractories. The starting basis should be nroduction of dead 

burned magnesite of quality su~table for the production of 

all kinds of refractories. 

At the requiestof Zimbabwean Governr:ient first hE:lp on realiza­

tion of this task has been given hy Yougoslav Government, 

and, later, hy UNIDO. In this respect, preliminary study ~as 

made (1983) which proved that avalilable chrome ore was sui­

table for production of all kinds of basic refractories, while 

raw magnesite could be used only for production of iferiour 

grades. It was recornmanded to continue investigations in 

order to discover methods of beneficiation of local ~ager1site 

by reduction of high Cao content and enable nroduction of all 

qualities of basic refractories. 

With this aim extensive laboratory investigations were rer~or­

med in Zimbabwean institutes. At the begining of March 1985 

the Technical Report was subrnited to UNIDO, the title of which 

was 
INVESTIGATIONS ON THE POSSIBILITY or BENEFICATING 

OF LOCAL RAW MAGENSITE FOR THE PRODUCTION OF BASIC 

REFRACTOnIES (DP/ZIM/83/006). 

For these investigations, representative sample of magnesite 

from regular production of Kadoma Mine, was used. The sample 

was of the following chemical com,,osition: 



0 I ,.[jf]fJ. _______ _ ! Page: 16 
I Year: 1986 REFRACTORIES INSTITUTE 

• KRALJEVO • JUGOSLAVIA 

Loss on ignition • . 50.23 % 

Si02 . . . . 0.60 % 

Al 2o3 . . . . . . . . 0.13 % 

Fe2o3 0.12 15 

Cao 3.40 % 

MgO 44.63 o. 
·o 

Grain size distribution 3 - 25 rru:t. 

The results of investigations i~ Zimbabwean institutes confir­

med that new method has been found as an innovation in the f i­

eld of beneficiatoion of raw breccia type rnagnesites ~ith high 

Cao content, by which reduction of Cao content for over 50~ 

was achieved and the following products obtained: 

a) semi-product "~" with 3.26% of CaO; b) serni-product ~B" 

with 5.47% of CaO and c) fraction with over 13~ of Cao. 

The applied method of masnesite beneficiation cor.sisted of 

precalcining, controlled wetting and soaking and, finally, 

screening on ade<:!uate sieves The method is very simple; it 

uses heat enerqy develo!_)ed during the ~recess itself and does 

not require qualified manpower. It also has comparativel·1 low 

processing and investment costs. 

The upgraded product is expected to, as semi-product "A", eLa­

ble production of 95% MgO dead burned magnesite.and as semi­

-product "B", production of dead burned magnesite of normal 

quality. This was to be checked by secondphase of laboratory 

investigations. 

Due to lacl~ of adequate equipment in Zimbabwean institutes, 

. the second phase continued in Magnohrom Institute in Kraljevo. 

These investigations included: 

- additional determination of characteristics of the semi-~ro­

ducts "A" and "B"~ 

- production of "A" and "B" grades of dead burned magnesite 

with determination of their characteristics, and 
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- production of magnesite and magnesite-chrome bricks with 

determination of their characteris~ics. 

Detailed program of the investigations performed at the Insti­

tute in Kraljevo is enclosed with this Report, as Annexe No 1. 

Realization of all previous investigations on this project was 

enabled by participations of the following partners: 

- U?-;!X {UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGJ\i'UZA-

TION) , Vienna 

- MIN:;:STRY OF MINES, Harare, Zimbabwe 

- SOLIJARITY FUND OF FEDER~L EXECUTIVE COUNCIL, Beograd 

- REPUBLIC DEPARTMENT FOR INTERNATIONAL SCIENTIFIC, EDUCA-

TIONAL-CULTURAL AND TECHNICAL <XX:PERATICN OF SERBIA, Eeograd 

- YUGOSLAV BANK FOR INTERNATIONAL ECONOMIC COOPERATION, 

Beograd and 

- HAGNOHROM, Kraljevo. 
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The samples of calcined beneficiated magnesite of semi-products 

"A" and "B", produced by procedure of selective hydration in 

Zimbabwean institutes, were transported to rtagnohrorn Institute 

at Kraljevo for further investigations. Designations and 0uan­

tit1es are given on table 1. 

Table 1. 

Details of semi-oroducts samples 

Designation Class 

SP-A 

SP-B 

-16+2.36 mm 

-2.36+1.18 mm 

Quantity 

120 kgs 

51 kgs 

A. Characteristics of delivered sarnoles SP-A and SP-B --------------------------------------------------
On these samples gLain size distribution and chemical comno­

si tion were determined, and the results obtained are given 

on tables 2 and 3. 

Table 2. 

Sieve analvsis of samples SP-A and SP-B 

Class (nun) SP-A (%) SP-B (%) 

+16 2.52 

-16 +10 9.03 

-10 +5 33.19 

-s +3 26.06 

-3 +2 17.50 8.20 

-2 +l 6.70 68.40 

-1 s.oo 23.40 
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Table 3. 

Chemical composition of received samples SP-A and SP-B 
I 

Sarno le Class Ign. Si02 Al 2o3 
l 

! Fe2o3 Cao MgO ! 
! design. (nun) loss % % % % % I 
: 

SP-A -16+2.36 5.88 0.70 0.14 0.15 3.16 89.97 

SP-B -2.36+1.18 6.51 0.65 0.12 0.14 4.56 88.02 I 

The results of grain size distribution of the SP-A sarn~le 

show that after three months of storage and by transportation 

and by handling, some additional cornminution occured. To 

check the Cao content of various classes, chemical analyses 

were done and the results obtained nresented at table 4. 

Table 4. 

Chemical composition of the SP-A sample per classes in % 
! 
·sample Class Ign. SiO 

% 2 
A1 2o3 Fe2o3 cao MgO 

design. (nun) loss % % % % 
i 

16 + 3 5.58 0.63 0.10 0.16 2.84 90.24 
I 

i&"P-A I -3+2 6.50 0.72 0.14 0.13 3.25 89.26 
! 

' 
! 

I 

-2 7.10 0.85 0.15 0.12 4.04 87.74 

Chemical composition found in the SP-A sa11ple per classes 

shows that by screeneng on 3 nun sieve the -16+3nun class 

can be obtained with Cao content under 3%. 

The 2.36-3 mm class contains 3-4% of Cao and therefore can 

be added to semi-product SP-B and improve its ~uality. 
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B. Characteristics of the samples SP-A' and SP-B' 
obtained after screening on 3 mm sieve 

Samples of semi-~roduct after screening on 3 nun sieve were 

marked with SP-A' and SP-B'. On these samples the following 

determinations were made: grain size distribution (Table 5), 

chemical composition {Table 6), mineraloqical composition and 

differential thermal analysis (DTA) . 

Table 5. 

Sieve analysis of samples SP-A' a.1d SP-B' 
r 

(%) ==i ! Class (mm) SP-A' { % ) SP-B' I 
I 

+16 0.54 I 
i 

-16+10 9.00 
; 

I -10+5 48.00 
r i 

I -5+3 35.46 t 

I 
I 

-3+2 7.00 17.96 
' ' 

-2+1 66.38 
i 

' i 

' 
-1 15.66 

i '----

Table 6. 
Chemical composition of the samples SP-A' and SP-B' 

[Samples Class Ign. Sio2 Al 2o3 Fe 2o 3 cao MgO B203 
(mm) loss % % % %· % % 

I 

SP-A' -16+3 5.94 0.63 0.10 0 .16 2.84 90.33 0.016 

j~P-B' -3+1.18 6.61 0.87 0.12 0.18 4.42 87.80 0.02 
-

Mineralogical composition was determined on X-Ray diffracto­

meter. On X-Ray patterns, figures l and 2, the following mi­

nerals were registered (Table 7): 

I 
I 
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Table 7. 

Nineralogical composition of sarnple.3 

I SP-A, 

Periclase 

! Bruci te 

, Portlantide 

I Calcium silicates 
I 

I 

SP-B' 

?ericlase 

Brucite 

Portlantide 

Calcium silicates 

cao 

These investigations show that the semi-products obtained con­

sist mainly of periclase (MgO) , that during selective hydration 

process Cao mainly changed into Portlantide (Ca(OH) 2), and 

that some of MgO changed into Brucite (Mg(OHJ 2 >. In SP-B' 

product there was some bigger quantity of Portlantide. 
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Figure 1. X-Ray pattern of semi-product SP-A' 
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Figure 2. X•Ray pattern of semi-product SP-B' 
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In order to determine changes on semi-products A' and B' 

that occur on heating to iooo0 c, differential thermal analyses 

were done. Aparatusof Gebruder Netsch, having capacity of 

10 K/rnin and maximum sensitivity of differential galvanometer 

of 0.06 mV/mm,was used. Investigations were done in air. 

cf. -Al
2
o

3 
was used as standard sa~ple. On the thermogram (figu­

re 3) differential thermal curves with two endothermic peaks 

are given. 
The first one, on 380°c,corresponds to dissociation of: 

Mg(OH) 2 

The other one,at· 480°c,corresponds to dissociation of: 

Ca(OH) 2 

The peaks corresponding to dissociation of !1g(OH) 2 are of 

similar intensity, while the peak corresponding to dissocia­

tion of Ca(OH) 2 is considerably bigger for semi-product B'. 

This is in accordance with chemical and mineralogical composi­

tions of products A' and B'. 
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1. /vtg(OHJ2~MgO+ H20 

2. Ca(OHJ2 ....... CaO+ H~ 

SP-A' 
("VA""---t----+---L--+--+-

1 

' 1 

SP·B 

f'\.'U 
2 

, 

500 1000 •c 

Figure 3. Thermogram of semi-products SP-A' and SP-B' 
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C. Discussion on the results obtained 

By determining chemical composition of semi-products SP-A 

(2.36-16 mm) and SP-B (l.18-2.36 nun) good agreement of results 

was obtained with those of investigations done in Zimbabwean 

institutes. Only on composite sample SP-B 4.56% of Cao was 

obtained instead of 5.15%, which was the mean value of inves­

tigation on several small samples. The difference occured due 

to sampling and partially due to investigation methods applied. 

Additional screening of semi-products SP-A (2.36-16 nun) on 

3 mrn sieve proved useful. Semi-product SP-A' was obtained 

(3-16 mm) with less than 3% of Cao. This level of Cao is to 

enable production of high grade dead burned magnesite, suitable 

for production of quality magnesite and magnesite-chrome bricks. 

Calcined upgraded magnesite, grade SP-B' (l.18-3 mm), is to ena­

ble production of dead burned magnesite of normal quality, i.e. 

for production of rnagensite bricks. 

By benef iciation of magnesite from Kadoma Mine by selective 

hydration and by screening on 1.18 and 3 IDM screens recoveries 

and ~ao contents are obtained, such as given in Table 8. 

Table 8. 

Efficiency and 
benef iciation 

Cao content in product of magnes~te 

Products Class (mm) Efficiency (%) Cao content (%) 

SP-A' -16+3 35-40 2.5-3 
! SP-B' -3+1.18 30-35 4-5.5 

. ~Reject -1.18 28-32 10-15 

Input: -25+0 100 6.75 
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The results shown on Table 8 come from the results given in the 

Report: Investigations on the possibility of beneficating of lo­

cal raw magnesite for the ~reduction of basic refractories, tables 

21 and 22,and are based on these additional investigations of the 

sewi-products ~ and B, given in tables 2, 4 and 6. 

Starting from input calcined magnesite, efficiency through semi­

-products A nad a is about 70%, which is considered high for 

breccia-type masnesites. 
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IV. PRODUCTION OF DEAD BURNED MAGENSITE 
BY DIRECT DEAD BURNING 

A. Production 

The semi-product SP-A has a favourable grain size and lower Cao 

content so that tests of direct dead burning were done under sta­

tionary conditions. For dead burning a laboratory bell kiln was 

used and fired with a mixture of propane-butane and could reach 

2200°c. On temperatures up to 1600°c air is used for combustion, 
and over 1600°c oxygen is used. 

Samples were put into magnesite dishes and fired at 1800°c during 
two hours. 

B. Determination of AD dead burned 
magnesite characteristics 

After firing and cooling, determination of characteristics was 

done, i.e. macrospopic appearance, grain size distribution (Table 

9}, chemical composition (Table 10), mineralogical composition 

and physical properties (Table 11). 

Macroscopis appearance 

The obtained AD dead ~urned magnesite is of appearance typical 

for dead burned magnesites obtained of natural magnesites. It 

consists of light and dark gray grains of irregular shape. About 

60% of grains are of light color. External appearance of grain, 

as well as fracure, indicate that material was well dead burned. 

Table 9. 
Grain size distribut±on 
of dead burned magnesite (DBl1-AD) 

f -16 +10 nun 6.06 % 
-10 + 6 nun 23.47 % I - 6 + 4 nun 32.07 % 
-4 + 2 nun 36.49 % 

l - 2 mm 1. 91 % 

.. 
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Table IO. 

Chemical composition of dead burned magnesite, l\D I % 

I Ign. Sio2 l"l 203 Fe 2o3 cao HgO Free cao 
' loss % % % % % % 

Light col cur 
grains 0.32 0.65 0.11 0.10 2.36 96.46 0.51 
Dark gray 0.54 0.70 0.21 0.20 2.98 95.37 0.79 
grains 

AD, Total: 0.32 0.70 0.16 0.19 2.76 95.87 0.74 

Mineralosical investigations 

Mineralogical investigations of dead burned magnesite within 

this work were done in polarizytion microscope and by X-Ray 

diffraction method. 

For microscopic investigations reflected light preparations were 

made. Polishing of preparate surfaces was done on STRUERS AP-2 

device (Denmark), and as a ~olishing means sus~ensions of Al 2o3 
were used. Investigations were done in polarization microscope 

PHOTOMIKROSKOP-III, produced by OPTON (ZEISS), West Germany. 

Micro photographing of characteristic spots on preparates was done 

by a camera in microscope body, with a Black-and-White NP.gative 

film ORWO-NP22 (East Germany). 

X-Ray examinations were done with X-Ray diffraction apparatus 

PHILJPS PW 1009/3.Investigations were done with X-Ray tube with 

Cu and co anode, with 40 kV and 20 mA. For copper tube Ni filter 

was used, and for cobalt ~ube Fe filter was used. Diffractometric 

method was applied and reflections were registered on diffracto­

meter PW 1051. Rate of goniometer movement was 2Q = i
0 a minute, 

and the rate of writer at difractometer was 400 rnm/h. 

On reflected light preparations of dead burned magnesite AD, 

rather big unhornogenity was observed both in periclase crystal 

size and sort, quantity and distribution of silicates. 
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With most dead burned magnesite grains, dimensions of periclase 

crystals range from 80 to 100 pm (figure 4). However, in grains 

with increased content of silicates periclase crystals dimensions 

are about 50 um (figure 5). In dead burned magnesite grains con­

tain small quantity of slicates, bond among periclase grains is 

achieved mainly by direct contacts (see figure 4). In cases Nhen 

in grains or in some thPir portions greater quantities uf silica­

tes are present, peric~ase crystals are bonded by silicates (figu­

res 5, 6 and 7). The presence of different silicates was observed: 

Forsterite (2Mg0-Si02)' Monticellite (Ca0-~!g0-Si02) I r1ervinite 

(3CaO·Mg0-2Si02J and dicalcijurn silicate (2CaO-Si02). Of these sili­

cates, dicalcium silicate is most frequently present (figures 5 

and 7). rlajority of these silicates was identified by X-Ray Dif­

fraction as well (figure 8}. In some magnesite grains free cao is 

present which is involved in hydrationprocess to great extent, and 

Portlantide mineral was formed (Ca(OHJ2J. Calcium silicates and 

free Cao are ~resent in dark gray dead burned magnesite grains. 

It was not possible to identify iron minerals in these grains 

due to a small quantity, but it could be assumed that in such mi­

neral association they are present in a form of dicalcium ferrite. 

Pores are present in comparatively small quantity and they are 

predominantly of isometric shapes. Irregular cr~ksare observed 

some of which are filled with smaller or greater quantity of sili­

cates. 
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Figure 4. 
r!icrophotograph of AD dead burned magnesite 
Reflected light 
Enlarged 100 x 
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Figure 5. Microphctograph of AD d.b.meganesite 
Dark magnesite grain was taken. Dicalciurn 
silicate is between ~ericlase crystals; 
clustered dark crystals in the middle are 
free calcium oxide; reflected light prepa­
ration; enlargement 100 x 
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Figure 6. Hicrophotograph of light J\D d.b. magnesite 
grain; magnesite grain with cilicate mainly 
in form of ~tervini te was taken; reflected 
light preparation: enlargement 100 x 

Figure 7. Microphotograph of light AD d.b. magensite 
grains;magnesite grain with dicalciwn sili­
cate was taken; reflected light preparation; 
enlargem~nt 100 x 
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Table 11. 

Physical prc?crties of AD dead burned magnesite 

Density ..••...... 3.56 g/cm3 

Aooarent density 

Porosity 

3.31 g/cm3 

7.58 % 

Hydration . . ..... 4.09 % 
(autoclave, 0.6 bar, 4 h) 

Density was determined according to JUS B. D8.311, and hydration 

was determined according to an internal ~agnohrom methode, b~sed 

on AST"1 C544-68. 

In order to determine macroscopic changes, the sample was sub­

jected to va?our influence during 16 hours on atmos~heric pres­

sure. Appearance of AD dead burned magnesite after this testing 

was presented on figure 9. It was observed that at certain num­

ber of gray grains desintegration occured, while white grains 

remained unchanged. 

Figure 9. Appearance ol AD dead burned magnesite 
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C. Duscussion of results 

By direct dead burning of semi-product SP-A dead burned magnesi­

te ~O was obtained, consisting of light dnd ciark-gray irregular 

shaped grains. 

By its chemical com0osition, WLth 0ver 95% of ~qO it ranges 

into hiqh 0rade natural dea~ burned maqnesites. Ils disadvan­

tages are rather heterogPneous composition, causing presence 

of 0.74% of free cao. Because of hydration tendency, this free 

CaO can cause formation of cracks during production - on brick 

drying. Hydration tendency is evident only in some dark-gray 

grains, while light-gray grains are more hydration-resistant. 

Microstructural investigations show that on firing at 1800°c 

good degree of dead burning was obtained. In rnajoriry of d.b. 

magnesite grains periclase crystals size is 80-100 um. Only some 

grains, having increased ~ontent of silicates, have ~ericlase 

crystals size of about 50 urn. In lighter coloured grains, in 

addition to periclase, forsterite, rnonticellite, mervinite and 

dicalcium silicate are also present. In dark d .b. magnesite grains, 

beside periclase, dicalcium silicate and free Cao are mainly 

present. 

This d.b. magnesite has a density which is tipical for this 

sort of material, and good apparent density is also achieved 

(3.31 g/cm3). 

By direct dead burning of semi-product SP-A, dead burned magnesi 

te AD of good quality was obtained. Its only disadvantage is 

heterogeneous composition, as well as high Ca0/Sio2 ratio, 

3.9, ~ontaining therefore about 0.7% of free Cao. 
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V. PRODUCTION OF DEAD BUR~ED ~iAGNESI'.:'E BY 
MILLING-BRIQUETTING-DEJ\D BURNEJG f>ROCEDURE 

By direct dead burning of semi-product SP-A-, dead burned magne­

site ·was produced (DBr1-AD) with hic_rh rigO content, but of rather 

heterogeneous comoosition and there are white and dark gray gra­

ins. The white grains, in addition to :-iericlase (ngO), contain 

certain '1uantit~/ of silicates, such as: i1onticellite (CaO-rigO. 

Si02), Mervinite (3CaO·Mg0·2Si02) and dicalciurn silicate (2Ca0· 

Si0 2) . 

In dark c_rray grains, in addition to periclase, dicalcium silica­

t~ and free Cao arc mainlv oresent. Because of such heterogeneous 

ccmnosition, such technoloc_rical nrocedure should be applied 

which enables obtaining of dead burned magnesite ·f 1nore even 

chemical and mineralogical com~osition. 

The most efficient technological procedure for obtaining uniform 

chemical and mineralogical comnosition of dead burned m3gnesite 

is the procedure comprising milling, bri~uetting and dead burning 

at high temperatures. By this procedure , all phases are enabled 

to get in direct contact among themselves, and to react among 

themselves during dead burning, resulting in stable, highly re­

fratory phases. With semi-product SP-A-, this procedure is to 

enable ::>reduction of dead burned magnesite (DB!1-A)' which would 

primarily contsist of highly refractory periclase (r1g0) mine­

rals and of dicalcium silicates. The melting ~oints of these mi­

nerals are 28oo 0 c and 2130°c, respectively. 

The semi-product SP-B~ is of a smaller size and with considerably 

higher content of Cao, and a stable dead burned magne~ite (DBM-B) 

can be ~reduced of it only by a procedure of fine milling with 

addition of Sio2 and Fe 2o3 ,then briquetting and dead burning. 

By such technological procedure regulation of mineralogical com­

position is enabled in serni-nroduct SP-B~, adding other oxydes 

which will, first of all, bind the free Cao. 
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For binding extra Cao in dead burned magnesite Dffil-B, iron oxide 

and Si02 were used, and the resulting d.b. rnagnesites bear the 

following designations: DBM-BF and DBrl-BS. 

Characteristics of dead burned ~agnesite obtained by this proce­

dure are, in addition to chemical and mineralogical composition, 

greatly infl~enced by particle size, oressure of briquettes pres­

sing and dead burning temperature. To each of these factors, due 

attention was paid within technological procedure of production 

of a. b. magnesi tes DBM-A, DBr~-F I DBM-BF and DBH-25. 

Particle size, particle shape and distribution are important 

factors on briquetting and dead burning of briquettes made of 

fine milled material. These values influence the main characte­

ristics of d.b. magnesite, such as: apparent density, size and 

distribution of pores and periclase crystals growth. Particle si­

ze is reduced by milling~ specific surface is increased at the 

same time and, by that,surfice energy also, which is an additio­

nal driving power for dead burning process. 

For obtaining d. b. magnesi tes DBM-A, DB~·1-BF and DBM-BS, semi-nro­

ducts SP-A' and SP-B' were milled in a laborato:!'.y mill with steel 

balls, having volume of 36 liters, in a closed system, with no 

continuous discharge of already finished (milled) portion. The 

aim of milling was to obtain powder under lOO)llTI. Semi-product 

SP-A' was milled without additions, and to the semi-product 

SP-B', during milling, iron oxide was added in one case, and 

fine quartz sand in another. The obtained grain size distribution, 

after milling, is presented in table 12. 
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Table 12 

Grain size distribution of the samples 
SP-h', SP-B'F and SP-B'S after milling 

Class (mm) SP-A' SP-B 'F I SP-B'S I 
I 

(%)I 
I I + o .1 6.71 4.82 

I 
5.57 

-0.l +0.063 
I 

10.55 10.76 7.82 ( % ) 

I l-0.063 82.73 I 84.42 86.47 ( % ) 
I 

-

The SP-B'F is the semi-product of the SP-B' with the addition 

of 2.5% of iron oxide. 

The SP-B'S is the semi-product of the SP-B' with the addition 

of 1.5% of Sio2 . 

On these powders, beside grain size distribution, packing mass 

and specific surface were also determined. These values are gi­

ven on table 13. 

Table 13 

Paking mass and specific surface of the 
samples SP-A', SP-B'F and SP-B'S 

SP-A' SP-B'F 

Soecif ic surf ace 8.38 9.24 
(i°n2/g) 

Packing mass 1. 061 1.121 
(g/cm3) 

SP-B'S l 

8.92 

1.161 

To check the effect of particle size of milled calcined magne­

site on d.b. magnesite characteristics, some quantity of the 

semi-product SP-A' was milled in vybro mill to under 40 pm. 

This sample (*SP-A') was se~arately briquetted, dead burned and 

characteristics of d.b. magnesite obtained were examined. 

I 



0 
'"JJiliJ~~~~~~~ 

REfRACTORIES INSTITUTE 
~~~~~~~~ 

Page: 40 

Year:l986 

• KRALJEVO • JUGOSLAVIA 

Behaviour of material on dead burning and characteristics of 

d.b. magnesite are also influenced by pressure of pressing du­

ring briquetting. With increase of pressure of pressing, aµoarent 

density of green presslings (oressed bodies) also increases, 

shrinking on firing reduces and annar2nt density of fired bri­

quetts increases. 

On briquetts ?ressing machine briquettes were made of fine mil­

led semi-products SP-A', SP-B'r and SP-B'S. Quantity of material 

available was not sufficient to perform this operation on semi-in­

dustrial pressing machine made by K5npern, with capacity lt/h, 

specific pressure up to 80 KN/cm, and snall laboratory pressing 

machine was used, oroduced by Hutt, with s~ecific ?ressure of 

30 K~/crn. Bri~uetting was done without addition of binder, by mul­

tiple passing through the machine, because of lo~T snecific pressu­

re, on first passing throuqh of material , it was not possible 

to obtain com~act briquettes. On passin0 material through ~ressing 

machine certain compacting takes place, i.e. one portion is formed 

into big particles and grain size distribution of starting powder 

is changed. By multiple passing briquettes of desired shape and 

hardness are obtained. This was how satisfactory percentage of 

whole (undamaged) briquettes (over 80%) was obtained. 

A portion of semi-product SP-A~, which was milled to upper limit 

size of 100 pm, and a portion of semi-product *sP-A ', milled to 

upper limit size of 40 pm, were briquetted on laboratory briquette 

pressing machine with specific pressure of 50 KN/cm. This time 

material was passed through the machine three times. Apparent 

densities of "green" briquettes obtained,determined in alcohol, 

are given in table 14. 

All of the briquetting done at room tem~erature. 
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Table 14 
J\~parent densities of green bri~uettes 
SP-A', *SP-A', SP-B'F and SP-B'S 

----
Samnle Grain size Pressure Number of Armarent density 
design. distribution (KN/cm) passings (g/-cm3) 

~um) through 
----

SP-.\' 100 30 6 2.37 

SP-A' 100 50 2 2.41 

*SP-A' 40 50 3 2.44 

SP-B'F 100 30 6 2.36 

SP-B'S 100 30 6 2.37 

The obtained values for apparent density of green briquetLes 

show the influence of uoper limit size of powder and influence 

of specific pressing pressure. 

Dead burning is a process of densification of porous body on high 

temperatures, in which porosity of pressed body is reduced toge­

ther with dimensions reduction and mechanical hardness increas­

ment. 

A mixture of iron oxide was added to semi-product SP-B' wi<.h the 

nim to bind free Cao .~nto a stable compound. Besides, in o>:ydizing 

atmosphere, trivalent ion of Fe promotes dead burning and recrys­

tallization of periclase. The added s102 is to bind excess Cao 

and to take it over into a stable, highly refractory dicalcium 

silicate and by that to contribute higher density and resistance 

to· hydration of briquettes, comparing to the briquettes contai­

ning free Cao. 

To obtain dead burned magnesite of satisfactory apparent density, 

porosity and crystallization, the producead briquettes of such 

chemical composition have to be dead burned on the temperature 

over 17oo0 c. Dead burning of briquettes was done in laboratory 
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bell kiln, under stationary conditions, on temnerature uo to 

I9oooc. 

Briquettes were put into magnesite dishes and introduced into 

cold kiln. DBH-.~ and DBN-F briauettes are test dead burned on 

1700, 1800 and 190o0 c. As the obtained characteristics of DBM-A 

and DBM-Br at 18QOOc are satisfactory, and only slightly better 

at 19000C, it was decided to treat the rest of the briquettes 

and all mm-BS ones, at 1800°c. Holding time ~t maximum temnera­

ture was 2 hours. 

n. Q~~~E~!~~!!9~-~~£~-~~2~~~!~~-£~~E~£~~E!~!!£~ 

~~~=~L-~~~=~~-~~~-Q~~=~~ 

After stationary dead burning and cooling, determination of cha­
racteristics of d.b. magnesite obtained ( DR:1-A, DBI-I-BF and DBM-BS) 

was done, i.e. chemical composition (Table 15), mineralogical 

investigations and 9hysical rroperties (Table 16). 

~acroscopic view of briquettes DBI,1-A, DBH-BF and DBM-BS, after 

dead burning at 18QQOC is presented at figure 10. 

Figure 10. Macroscopic view of d.b. magnesites 
DBM-A, DBH-BF and DBM-BS after dead 
burning at 18000C 
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Table 15. 

Chemical composition of d.b. magnesites 
DBM-A, DBM-BF and DBM-BS (in %) 

! I i Al203 Design./~os~ ~n !Si02 Fe20) Cao 

I 

MgO 

~~~- l 1gn1t1cn; 

I DB'l-A I 0 . 2 3 I 0 • 68 
I I 0. 12 0.20 2.62,96.13, 
I 

'90.931 DBM-Bf' i 0.34 [0.83 I 0. 14 2.80 4.94 
' I DBM- BS I 0 . 2 2 i 2 . 1 7 ! 0. 22 0.19 4.81 92. 371 
I 

DBf.1-A Briauettes ---------4------

B203 j Free LaO 

i 
0. 02i 0.15 

0. 021 0. 19 - I 
0. 021 0.10 

Mineralogical investigations of these bri~uettes, as well as the 

other ones within t~is work, were done in polarysation microsco­

pe and by X-Ray diffraction method. 

The DBM-A bri0uettes were fired on 1700, 1800 and 190o 0 c. Dimen­

sions of nericlase crystals in bri~uettes that were fired at 1700 
0 c are about 55 µm (figure 11). With increase of firing tempera­

ture, crystals dimensions also increase, so that after firing at 

180o 0 c thea are about 70 pm (figure 12). After firing at 190o0 c 
crystal dimensions were not changed much; the measured increase 

was about 5-10 pm in relation to firing at 1800°c (figure 13). 

By increasing temperature of briquette firing, number of pores 

is reduced or pores are enlarged by joining. After firing at 

1900°c majority of pores have dimensions similar to dimensions 

of some periclase crystals (figure 13}. On basis of these inves­

tigations it could be stated that, disregarding firing tempera­

ture, total quantity of pores is not big and it does not change 

much with increasment of firing temperature. 
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In all briquettes, regardless the teMperatures of firing, calcium 

silicates are pres~nt - dicalcium silicate and tricalcium silica­

te. The silicates are present in small qunatities and are rather 

evenly distributed between periclase crystals. Their presence 

was determined by X-Ray investigations (figure 14). On separate 

spots, very rearly, after formation of silicates, very small 

quantity of retained free Cao was discovered. 

Figure 11. Microphotograryh of DBit-A briquette 
after firing at 170o0 c; reflected 
light; enlargement 100 x 
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Figure 12. Microphotograph of DIDI-A briquette after 
firing at 18QQOC; reflected light; 
enlargement 100 x 

Figure 13. Microphotograph of DBM-A briquette after 
firing at 19000C; reflected light; 
enlargement 100 x 
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Briquettes of this designation were ~)reduced of the same materi­

al as Dilll-A briquettes. DBM-A* briquettes were obtained by pres­

sing of fine powdered materijal (<40 pm) under the ?ressure of 

50 KN/cm and were fired at the temperature of 18oooc. Dimensions 

of periclase crystals are about 75 u~ 'figure 15). 
I 

Figure 15. Microphotograph of DID1-A* briquettes 
after firing at 18000C; reflected light; 
enlargement 100 x 

By inspection of large number of microscopic ~reratares of this 

briquette it was stated that quantity of pores is somewhat smal­

ler compared to DBM-A briquettes. In DBM-A* briquettes comoara­

tively smaller quantity of silicates is present which are there­

fore difficult to recognize by microscope. 
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Dicalcium silicate and tricalciurnsilicate are present. These sili­

cates are among periclase crystals, most frequently in spaces 

where three periclase cr~stals meet. 

In briquettes DBM-A and DIDI-A* bond between periclase cr~stals 

is predominantly direct, ?ericlase-periclase. 

These briquettes were fired at 1700, 1800 and 1900°c. After firing 

at 17000C dimensions of periclase crystals were about 60 µm (fi-
' 

gure 16). With the increase of tem~erat~re of firing considerable 

increase of periclase crystals dimensions occured, so that after firing 

at lSQOOC dimensions of these crystals already were about 100 pm 
(figure 17). After firing at 190QOC periclase crystals dinensions 

are about 110 pn (figure 18). 

On basis of these results it could be said that addition of iron 

oxide into briquettes greatly promoted the process of dead bur­

ning, especially at the temperatures of 18000C and 1900oc. During 

dead burning, with increase of temperature enlargement of pores 

by joining occured in briquettes, but we can not say that dead bur­

ning processes at high temperatures caused shrinkage of total 

volume of pores (figures 16, 17 and 18). 

In microscopic preparation and by X-Ray investigations as well 

(figure 19), the presence of periclase, tricalcijum silicate, 

dicalcium silicate and dicalciurn ferrite was discovered. By these 

methods the presence of free Cao was not observed. Silicates and 

dicalcium ferrite fill interspaces of periclase crystals binding 

them in that way. However, at meny places direct bond periclase­

-periclase was observed. 

On basis of this mineralogical composition it can be stated that 

addition of iron oxide in reaction with free Cao formed dicalcium 

ferrite and that, because of this reaction instead of tricalcium 



0 
'"lJiJi],--~~~~~~ Page: 49 

REFRACTORIES INSTITUTE 

• KRALJEVO • JUGOSLAVIA 

silicate only, silicate association was formed of tricalcium and 

dicalcium silicates in briquettes. Hm1ever, the most important 

part of these reactions is that iron oxide, binding itself to the 

free Cao, enabled that, after firing, only negligible content of 

free Cao remained in bri~uettes. 

Figure 16. Microphotograph of DBH-BF briquettes after 
firing at 17000C; reflected light; 
enlargement 100 x 
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?igure 17. Microphotograph of DBM-BF briquettes 
after firing at 18000C; reflected loght; 
enlargement 100 x 

Figure 18. Microphotogr~," J DBM-BF briquettes 
after firing at 19uooc; reflected light; 
enlargement 100 x 
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These briquettes were cbtain~d by firing green briquettes at 1800 
0 c. Into this mixture 1.5% of finely powdered quartz (Si0

2
) was 

added in order to bind free Cao. 

In microscooic preparations it was found that periclase crystals 

dimensions are about 70f1m (figure 20). Volume of pores, their 

shapes, dimensions and distribution are similar to those of DBM­

-BF briquettes, Dimensions of coarser pores are similar do those 

of periclase crystals. 

By microsco!JiC examination (figure 20) and by method of X-Ray dif­

raction (figure 21) oresence of prericlase and dicalcium silica­

tes in bri0uettes was observed. By these methods nresence of free 

Cao was not observed. Dicalcium silicate is found among periclase 

crystals having a roll of highly refractory ceramic bond. However, 

bnnd amo;:g numerous periclase cr~rstals is direct, i.e. it is achi­

eved by direct contact periclase-periclase. 

By such mineralogical composition it can be concluded that at fi­

ring temperatures intensive reaction occured between the added 

quartz and the free Cao. Addition of quartz reduced Ca0/Sio
2 

ratio in bri~uettes, and dicalciurn silicate was formed in the 

mentioned reaction. 
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Figure 20. Microphotograph of dead burned magnesite 
DBM-BS after firing at 18QOOC; 
reflected light; 
enlargement 100 x 
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Table 16 

Physical pro~erties of d.b. magnesite DBM-A burned 
at 1700, 1800 and 19QOOC and DBM-BF and DBN-BS burned 
at iaoooc 

17oo0 c 18QOOC 18000C 19000C 1800oc 1800oc 

\
'.Density 
: (g/cm3) 

!Apparent 
laensib• 
i (g/cm3) 

DB~l-A 

3.53 

3.27 

Porosity,% 7.36 

Hydration, 5.70 
%(autoclav, 
.o. 6 bar) 

DBM-A 

3.54 

3.32 

6.21 

4.53 

DB~1-A* 

3.55 

3.37 

5.07 

2.52 

DBM-A 

3.55 

3.33 

6.20 

4.81 

DBtl-BF 

3.57 

3.27 

8.40 

1. 94 

nm1-A* = Milling to - 40 urn and pressing at 50 KN/cm 

I 
om· -ss : 

3.54 

3.25 

8.19 

2.68 

Macroscipic view of briquettes after testing of subjection to 

water vapour during 16 h at atmos~heric pressure, is ~resented 

at figure 22. 

Figure 22. Macroscopic view of d.b. magnesite 
DBM-A, OB~"-BF and DBB-BS after 
hydration test 
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E. DISCUSSI0~1 OF !U:SCLTS 

The main aim of treatment of semi-oroduct SP-A' into dead 

burned magnesite (Dill!-A) by a nrocedure of fine millin~, bri­

quetting and dead hurning was obtainin~ of dead burned rnagne­

si te of homogeneous chPmical and mineralogical compositions 

and good physical properties. 

The procedure a~~lied enabled fine narticles of Can to come 

into contact with other compounds, carriers of Sio2 , Fe 2o3 
and Al 2o3 , but yrimarily with Sio 2 , and to form stable refrac­

tory compounds. 

The obtained d.b. magnesite , flBM-A, is homogeneous, ':Tith hic;h 

rigo content (96.13%) and low free Cao content (0.15%). Resis­

tance of d.b. magnesite to hydration is good. 

Mineralogical investigations showed that in this d.b. magnesite 

highly refractory minerals were ~resent, such as: ~ericlase 

(flgO), dicalcium silicate (2CaO.Si0 2 ) and tricalcium silicate 

(3CaO-Si0 2). By inspecting microstructure of briquettes fired 

at 1700, 1800 i 19000C it was found that corresponding mean 

sizes of periclase crystals of about 55, 77 and 90 pm, respec­

tively. It means that at 180ooc satisfactory degree of dead 

burning was already obtained. 

D.B. magnesite (DBr~-A) uas obtained by bri~uetting at specific 

pressure of 30 KN/cm and burned at iooo0 c. It has good appa­

rent density of 3.32 g/cm3.when fineness of millingwas increa­

sed and s~ecific pressure as well, to 55 KN/cm, dead burned 

magnesite (DBH-A* was obtained with very qood apparent density 
3 - 3.37 g/cm • 
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The results obtained show that with d.b. magnesite DBr!-A 

~ain aiM was achieved and material of homogeneous chemical 

and mineralogical composition nroduced having good phaysical 

properties as well. 

With MgO content of slightly over 95% and apparent densitv cf 

3.37 g/c~3 this d.b. magnesite belongs to the high grade ones, 

obtained by natural magnesites processing. 

As the semi-nroduct SP-B'is of a finner grain size distribution 

and with higher Cao content, obtaining of more stable d.b. mag­

nesite DBH-B is possible only by applying the !1rocedure of 

fine milling,adding of suitable aditives, homogenization, 

bri~uetting and dead burning. 

Because of higher Cao content and unfavourable Ca0/Sio2 , Al 2o3 
and Fe 2o3 ratios, it is necessary to add iron oxides or Sio2 
during homogenization process, in order to bind excess of free 

Cao and transfer it to stable refractory mineral phases. The 

addition of iron oxide, beside binding of free Cao, ~remotes 

the dead burning process and increases d.b. magnesite resistan­

ce to hydration, but leads to formation inferricr refractory 

dicalcium ferrite (2Ca0.Fe 2o3) as well. 

By addition of Si02 , binding the Cao into highly refractory 

dicalciurn silicate is enabled. 

rVi th these additions, dead burned magnesi tes om~-BF and DBM-BS 

were !_)reduced. 

DBM-BF contains 90.93% of MgO, 0.83% of s102 and 2.80% of Fe 203. 

Its hydration resistance is very good. This d.b. nagnesite con­

sists of periclase, dicalcium and tricalciurn silicates and di­

calcijurn ferrite. 
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A good degree of firing was achieved by firing at 180ooc and 

mean crystal size was 100 _}lm. 

By brigetting under the pressure of 30 KN/cm and by firing at 

180QOC a satisfactory a~parent density was achieved, 3.27 g/cm3. 

By finner milling and by applying higher s9ecif ic pressure on 

briquetting, a~narent density of 3.3 g/crn3 can be ex~ected. 

With these characteristics the d.b. magnesite ranges in ~ean 

qualities ~reduced of natural magensites. 

D.D. magnesite DBM-BS nroduced with the addition of Si02 conta­

ins 92.37% o~ MgO, 2.11% of Sin 2 and 0.19~ of Fe 2o3 . Hydrat~~n 

resistance is satisfactory. 

The main mineral components of this d.b. magnesite are periclase 

and dicalcium silicate. 

By firing at 1800°c good results were obtained and mean size of 

periclase crystals was about 70 pm. 

By bri~uettinq under specific ~ressure of 30 KM/cm and by f ir~ng 

at 180o0 c g00d apparent density was obtained, 3.25 g/cm3. 

By finner mill_ ·~ and application of s~ecific pressure of over 

50 KN/cm, by fiLing at 1800°c , apparent density of about 3.3 

g/crn3 is expected. 

With these characteristics this d.b. maqnesite ranges in mean 

qualities produced of natural magnesites. 
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Test magnesite bricks, in c;rades ~t-1\, ~,1-BF and ~,I-BS were made 

of dead burned magensi tes DB~t-A, DBr!-B2 and DB~!-BS. Characte­

ristics of these bricks were investigated on bases of which 

evaluation of obtained brick rualities were done. 

A. Production 

Briquettes of d.b. magnesite DBM-A, DBlI-BF and Dill 1-BS were obtai­

ned in th9 followin3 qunatities: 

DBrt-;1. . . . . . . . 25 kgs 

DBM-BF 32 kgs 

DBrI-BS 17 kqs. 

Test magnesite bricks were ~reduced of each d.b. nagnesite se­

parately, with no inter-combinations of differ2nt magnesite qua­

lities. It is to be noted that during production of test bricks, 

as quantity of starting components was small, it was not possible 

to try several alternative procedures for each brick tyoe. Accor­

ding to literature and own !_)ractical experience, ,r>rocedure of 

production had to be choosen without later corrections in respect 

of desired improvement of some characteristics of test bricks. 

Grain component of each d.b. magnesite was prepared separately 

by crushing in jaw crusher, while crushing process was so per­

fcrrned as to obtain inter-fraction ratio of d.b. m~gnesite com­

ponents with grain size of 0-4 mm, to enable maximum of dense 

packin in a brick. Fine component of d.b. magnesite (-0.1 mm) 

was prepared in a laboratory ball mill. 
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Mixture for pressing was prepared with optirnul combining of 

obtained classes of d.b. magnesites, with the addition of bin­

ding agent. Into a mixer, type "Eirich", 9ranular component was 

added {0-4 mm). ~fter through mixing, magnesium sulphate solution 

was added as a binding aaent. When all grains were wetted, fine 

fraction was added (-0.l mm). Then the prepared nixture was addi­

tionally mixed to make it completely homogeneous. 

ll.fter having been honogenized, the prepared mixture was ?ressecl. 

in a standard form "2", in an oil-hydraulic ;:iressing machine, 

with double pressing, with unit pressure of 100 N/mm 2 , with one 

deaeration during the pressing operation. 

The pressed bricks were dried by gradual heating of bricks up to 

120°c and by holding them at that temperature for 24 hours. 

After drying, bricks of all grades had satisfactory mechanical 

strength and had no cracks. 

The bricks were fired in industrial tunnel kiln with burner sys­

tem adapted for alternate usage of oil and gas for drive energy. 

Schedule of firing was adapted to magnesite bricks, and maximum 

temperature was 1120°c. 

As quantity of obtained test bricks was small, it was necessary 

to choose characteristics that would give the best insight in 

quality of test magnesite bricks to be tested. Each characteris­

tic of all brick grades was tested on at least two samples, 
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in order to be able to check obtained values and avoid possibe 

mistakes in testin0 ~rocedure. 

After firin0 M-A grade bricks had characteristic greenish-yellow 

color, sMooth surfaces, goad edges and no cracks. ~acroscopic 

section indicated good composition of ~rick and a solid struc­

ture (figure 23). 

Figure 23 • .Macroscooic section of rl-A grade 
of magnesite brick 

H-BF grade tricks after firing had dark brown color, smooth sur­

faces and good edges. rlacroscopic section of bricks indicated 

extremelv compact structure of brick with low r>orosity and good 

density (figure 24). 
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Figure 24. ~1acroscoriic section of M-BP 
grade of magnesite brick 

r1-BS grade bricks after firing had yellow-greenish color, good 

edges and no cracks. ~acroscopic section indicated hardness 

\·1ith slightly rised ~orosity compared to !1-A and M-BF grades 

(figure 25). 
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Figure 25. Macroscopic section of tl-BS 
grade of ~agnesite brick 

Chemical compo~ition cf bricks was given as mean value of several 

testings within the same ~uality. As all bricks were ~anufactured 

on basis of only one d.~. magnesite, chemical comDosition could 

differ much from the starting d.b. magnesite. 

Table 17. 

Chemical com!'osition of n-A, r-!-BF and H-BS grades 
of magnesite bricks 

Grade/ M-A M-BF M-BS 
oxide 

Ignition loss, % 0.19 0.30 0.43 
Fe203, % 0.31 2.2R 0.41 
A1203. % 0.20 0.27 0.40 
Si02, % O.A6 I). 65 2.18 
cao, % 2.82 4.40 4.74 
MgO, % 95.62 92.10 91. 85 
B203, % 0.020 0.019 0.024 

·-
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Physical properties cf bricks were given as a mean value of at 

least t~o values for one auality, on table 18. 

Table 18. 

Physial properties of test magensite bricks, 
grades I1-A, M-BF and rr-BS 

Quality/ 
property 

Apparent porosity, % 

Absorption of H20, % 

Apoarent density,g/cm3 

Density, g/cm3 

Crushing strength 
at 2ooc, N/mm2 

Crushing strength 
at 15000C, N/mm2 

Refractoriness 
under load, Ta, 0 c 
Thermal shock 
resistance,Tw 

Modulus of ruoture 
at 14000C, N/rnm2 

Linear thermal 
expansion at 
20:14oooc, % 
up to lOOOoc 

up to 14oooc 

M-A 

17.0 

5.9 

2.89 

3.53 

45.8 

26.0 

+1700 

15 

10.5 

1. 33 

1. 79 

M-BP 

14.4 

4.8 

2.96 

3.55 

68.0 

25.0 

+1700 

29 

1. 73 

1. 77 

U-BS 

20.0 

7.2 

2.83 

3.52 

37.0 

26.0 

+1700 

7.0 

7.0 

1. 37 

1. 75 

The obtained ~hysical ~roperties of bricks correspond to typical 

values for magnesite bricks of higher and medium grades, and 

some of the properties are even above those values. 

For determinin~ physical pro~erties the following methods were 

employed: 
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- For apparent porosity, adsorption of H2o a~d apparent density 

- JUS B.08.312; 

- For brick density determination - JUS B. D8 302; 

- For crushing strength at high temperatures determination -

- internal method of "Magnohrom" Industry; 

- For modulus of ru!"'ture determination - BS 1902 PART l\.; 

- For refractoriness under load determination - JUS B.D8.303; 

- For 1 inear thermal expa.1sion determination - internal method 

on a~oaratus produced by NETZSCH, with rate of heating of 

soc/min, sample ¢ 50 x 50 mm. 

The investigations were performed with the aim to identify mi­

neral phases in bricks and to analyse their structural characte­

ristics. Investigations were done in polarization microscope and 

X-Ray diffraction apparatus. For microscopic investigations re­

flected light preparations were made. 

Magnesite brick M-A 

In microscopic preparations, grain structure of brick is clearly 

observed, characterized by presence of coarser d.b. magnesite 

grains and fine-grained matrix between these grains. Boundary 

betwwen coarser d.b. magnesite grains and matrix is rather clear 

(figures 26 and 27). Dimensions of periclase crystals in coarser 

d.b. magnesite grains are about 70 pm, and they are somewhat 

smaller in matrix. 

In coarse d.b. magnesite grains very small amount of silicates is 

present which makes their identification more difficult. Sligh­

tly bigger quantity of silicates is present in matrix, which 

enabled identification of dicalcium silicate and tricalcium si­

licate. The presence of these calcium silicates was confi, T. 

by X-Ray patterns as well (figure 28). 
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Slightly bigger quantity of pores is present in matrix compared 

to co~rser d.b. magnesite garins, which is usual ch2racteristic 

of this kind of bricks. Dimensions of pores in d.b. magnesite 

grains, measured in microscope are about 2-100 pm. Larger pores 

often are as big as periclase crystals. In d.b. magnesite grains 

majority of pores are about 20 um. Pore dimensions in brick Ma­

trix rnainl:' range from 5 to 300 um, and r:1ajority of them are of 

about 20 um. A nurner of the largest pores in matrix were crea­

ted by falling of mG~erial out of a brick during preparation of 

microscope pre2ara~~on. 

Bond bctwP~n periclase crystals was mainly achieved by direct 

reactisn ~ ~tacts ~ericlase-nericlase. Bond between periclase 

crystals in a matrix, as well as between these crystals in ~0ar­

ser d.b. magnesite grains,is often achieved over hishly refrdc­

tory caJ~iurn silicates as well. 

Figure 26. Micror>hotograph of maqnesite brick M-A; 
Brick matrix betwwen two coarse grains 
of d.b. magnesite was taken; re;lected 
light ~reparation; enlargement 100 x 
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Figure 27. Microphotograph of magnesite brick 
M-A; brick rnatrix between two coarser 
d.b. magnesite grains was taken; ref­
lected light preparation; enlargement 
100 x 
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Figure 28. X-Ray pattern of M-A 
magnesite brick 
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Magnesite brick M-BF 

By examiration of this brick in microscopic preparations it was 

found that grain structure cf brick was not clearly defined, 

because baundaries between coarse grains of d.b. magnesite and 

brick matrix were hard to observe (figures 29 and 30}. This 

structure was created as a result of intensive reactions during 

firing. It was, primarilly, the result of periclase recrystal­

lization which took place by influence of iron oxide present as 

iron-containing liquid at elevated temDeratures. Dimensions of 

periclase crystals in coarse grains of d.b. magnesite are about 

160Jim. Dimensions of periclase crystals in matrix are smaller, 

usually from 60 to 90 _)lrn. 

Very small amount of silicates in the form of dicalciurn silicate 

is present in the brick. There are more of them in brick matrix 

than i coarse grains. Some dicalcium ferrite is oresent between 

~ericlase crystals. The presence of calcium silicates and dical­

cium ferrites was registered by X-Ray diffraction as well (figu­

re 31}. There were no reflections on X-Ray patterns which would 

indicate presence of free calcium· oxide. 

There are more ~ores in matrix than in coarser grains of d.b. 

magnesite. 

Measurements of pores in d.b. magnesite grains have shown that 

their d~_rr:ensions range from 10 to 150 )Jffi 1 and that majority is 

of SO )lffi. Pores are somewhat larger 1n matrix - 20-200 pm. t·iajo­

rity of pores in matrix are about 70 pm. The 200 }.lill pores in 

matrix were crated during making microscopic preparati~n. 

Bond between !_)ericlyse crystals was achieved ty calcium silica­

tes (dicalcium silicate and tricalcium silicate), dicalcium fer-· 

rites, a nd, t( some extent by direct periclase-prericlase bond. 

Roll of low-refractory dicalcium ferrite in bonding periclase 

crystals is small because of big roll of highly refractory cal­

cium silicates and because of f ormatinn of direct pericalse-prei-
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Figure 29. r1icrophotograph of M-BF magnesite brick 
Brick matrix is in the middle. Parts of 
coarse d.b. magnesite grains are left and 
right; reflected light nreparation; 
enlargement 100 x 



Page: 70 

RE!=RACTORIES INSTITUTE Year:l986 

• KRALJEVO • JUGOSLAVIA 

Figure 30. Microphotograph of M-BF ma~nesite brick. 
Contact of coarse grained d.b. magnesite 
{at the l€ft) and brick matrix (at the 
right) was taken~ reflected light prepa­
ration; enlargement 100 x 
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M-BS Magnesite brick 

Investigations on this brick in polarization microscooe showed 

clearly that .2re were big differences in anpearance of coa~se 

d.b. magnesite grains and of brick matrix. These differences 

are obvious 9rimarillv because of differences in nericlase crvs­

tals size in these two brick parts. This caused formation of 

clearly defined grain structure of brick in which boundaries 

between coarse d.b. magnesite ~rains and brick matrix are easi­

ly distinguished (figures 32 nnd 33). 

Periclase crystals dimensions in coarse d.b. ~agnesite grains 

are 70-90 pm. In brick matrix, cp·c;tal dimensions are considera­

bly Sffialler - abcut 30 ,um. 

Investigations have shown that dicalcium silicate was pre3ent in 

the brick, more than in ~-A and r~-3F bricks. Incr~ase of this 

silicate content was caused by reaction between quartz and free cao 
during DBM-BS d.b. magnesite production. Presence of dicalcium 

silicate was confirmed bv R-Ray diffraction as well (figure 34). 

Free calcium oxide i,;as not rer;istered. 

Comparing to previously described bricks (H-A a:1d 11-BF) higher 

content of nores was found. Pores content is higher in matrix 

than in coarse d.b. magnesite grains. 

In d.b. magnesite grains pore dimensions are from 5 to 120.JIDl, 

majority of them being 30 tun. Pore dimensions in matrix are 

8-300 pm~ the largest pores were mightly created during making 

microscopic preparation. Measurements have shown that majority 

of pores WPre about 30 pm. 

Bond between periclase crystals was acieved by dicalcium silica­

te, though with many crystals direct nericlase-periclase bond 

was observed. 
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Figure 32. Microphotograph of M-BS magnesite 
brick. Brj~k matrix is in the middle, 
coarse d.b. magnesite grains at the 
left and at the right; reflected 
light prenaration; enlargement 100 x 
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Figure 33. Microphotograph cf M-BS magnesite brick. 
Contact between brick matrix (at the 
left) and coarse d.b. magnesite grains 
(at the right) was taken; reflected light 
preparation; enlargement 100 x 
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Figure 34. X-Ray pattern of r~BS magnesite brick 
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C. Discussion of results 

1. M-A Magnesite brick 

On basis of testing results, one could say that M-A magnesite 

brick belogs to high grade class of magnesite bricks, regarding 

its chemical composition, physical properties, mineralogical 

cornpo&ition, and microstructure. As it is a brick based on na­

tural d.b. magnesite, r1-A brick belo~s to a high MgO content 

class. Interrelations of other oxides are such that provide for­

mation of highly refractory minerals - tricalcium silicates and 

dicalcijum silicates, which was confirmed by nigh refractoriness 

of the brick. The brick has low porosity, good apparent density, 

satisfactory mechanical characte~istics and good thermal shock 

resistance as magnesite brick. Microstructure of this brick in­

dicates predominant participation of direct bond periclase- peri­

clase, as well as good silicate bond on basis of dicalcium sili­

cate and tricalcium silicate. 

By firing the bricks at elevated temperatures, because of hiqh 

purity of starting d.b. magnesite DBM-A, better values of ITecha­

nical characteristics, lower porosity, higher density and bigger 

periclase crystals were obtained.in both d.b. magnesite grains 

and brick matrix. 

2. M-BF Magnesite brick 

M-BF magnesite brick could be ranged into medium grade bricks 

on basis of all testing results. It has an increased.content of 

~ao, successfully stabilized by iron oxide addition. The brick 

has very good physical pro~erties: low porosity, high apparent 

density, good mechanical characteristics and excellent thermal 

shock resistance. Low melting dicalciurn ferrite did not notably 

reduce refractoriness of the brick, because high refractory cal­

cium silicates had bigger effect in bond formation between pe­

riclase crystals, as well as considerable effect of direct con-
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tact nericlase-periclase. In this brick large periclase crystals 

were obtained both in d.t. magnesite grains and brick matrix, 

as a result of good recrystalization. On basis of all ch~racte­

ristics achieved in oroduction of this d.b. magnesite DBM-BF 

based bri~k we can conclude that all chosen parametes in produc­

tion process were adequate. 

3. M-BS Magnesite brick 

On basis of testing results, it can be concluded that MB-S mag­

nesite brick, based on DBM-BS d.b. magnesite, ranges in medium 

garde bricks, with Hero content that is adeauate for thi~ grade of 

brick and with specially controlled Ca0/Sio2 ratio enabling for­

mation of highly stable dicalcium silicate, in addition to basic 

mass of nericlase. Physical properties are within limits ex-

~ected for this brick grade. High refractoriness and good mecha­

nical characteristics of the brick are notable. By certain im­

provements in mixture pre9aration better ~orosity could be achie­

ved (16-20%), as well as correspondinq increase of a~oarent den­
sity. 

Microstructure of this brick indicates that bond between d.b. 

magnesite grains, as well as betW'.ven !.Jericlase crystals within 

grains, was mainly based on direct contact periclase-periclase 

and on highly refractor~ dicalcium silicate. 

Observing investigation results obtained on DBM-B {DBM-BF and 

DBM-BS) based magnesite bricks, one could say that stabilization 

of free Cao was successfully achleved in both cases. However, 

each method of stabilization has its advantages reflecting on 

brick characteristics. Having in mind re~uirernents for high re­

fractoriness, good thermal shock resistance and good mechanical 

characteristics of bricks we think that best bricka within this 

grade could be obtained by combined stabilization of Cao in d.b. 

magnesite with addition of quartz and iron oxide. 
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VII. PRODUCTION OF TEST MAGNESITE-CHROME BRICKS MC-A 

A. Production 

Dead burned magnesite, grade DBM-A, was used for production of 

bricks with chromite. Because of limited quantity of d.b. magne­

site, only one grade '.)f ma9nesite-chrome bricks was produced, 

containing about 15% of cr 2o3 , and the following components 

were used: 

- d.b. magnesite DBM-A 

- ch~ome ore CF 50-200 

- chrome concentrate CCD26. 

1. Preparation of com~onents and their characteristics 

Granular componnets of d.b. magnesite were prepared in labora­

tory, through crushers system with upper limit size of 4 mm, 

and chrome ore was comminuted in jaw crushers and roll mill 

with upper limit size of 3 mm. Chrome concentrate was used 

without additional tretrnent. Fine component of d.b. magnesite 

was prepar~d in laboratory ball mill. 

Chemical composition of components is given in table No. 19. 

Table 19. 

Chemical composition of components, in % 

Ign. Si0 2 Al 2o3 Fe 2o3 loss 

o.b.rnagnesite 
DBM-A 0.23 0.68 0.12 0.20 

, Chrome ore 
1· CF 50-200 1. 62 4.15 9.65 18.13 

Chrome concen-I trate CCD26· 0.14 1. 02 11.10 15.40 

cao MgO 

2.62 96.13 

0.37 13.52 52.56 

0.24 15.14 56.961 
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2. Production of bricks 

With 70~ of dead burned magnesite and 30% of chromite comoo­

nent, and with necessary participation of separate classes of 

d.b. magnesite and chromite, the brick ~ixture was com~osed. 

The mixture was ~re~ared according to the usual nrocedure, so 

that g~~nular components of d.b. magnesite and chromite were 

first dosed into the mixer, and then binding material and, fi­

nally, fine component. After completion of homogenization, 

bricks were pressed on oil-hydraulic press in standard shane 

"2" under the oressure of 100 N/mm2 . l\fter drying during 24 

P~urs on adequate temperature, the bricks were fired in indus­

trial tunnel kiln at the maximum firing temrerature of 1720°c. 

During firing slight shrinkage occured of all dimensions, not 

exceeding the limits allowed by standards. rired brick is of 

good macrosco~ic appearance , has sharn edges and smooth surfa­

ces. 

B. Investigation of bricks 

Chemical, thermophysica1 and mineralogical investigations were 

done on fired bricks. 

1. Chemical and thermophy~ical characteristics 

Chemical composi~ion and thermophvsical characteristics 

presented in table 20. Physical characteristics represen':... · .r·.· 

average of at least two measurements. 

-------------------------~-----·~------- ----------------------------



0 
IPJiifliJ~~~--~~~ 

RE!=RACTORIES INSTITUTE 

• KRALJEVO • JUGOSLAVIA 

Table 20. 

Chemical composition and thermophysical 
characteristics of MC-A bricks 

Apparent porosity, % 17.54 

Appar~nt density, g/cm3 3.04 
0 Refractoriness under load, Ta, C + 1700 

Crushing strength at 20°c, N/mrn2 37 

Crushing strength at 1400°C,N/mm2 38 

Modulus of ruptire (MoR) 
~t 14oooc, N/mrn2 14 

Linera thermal expansion 
up to 140ooc, % 1.5 

Thermal shock resistance 
in air (change) + 30 

Ignition loss, % 0.12 

Si0 2 , 

Al 2o3 
Fe 2o3 , 

Cao, % 

~% 3• 

% 

% 

% 

1. 24 

3.32 

5.64 

2.21 

70.50 

16.97 

2. Mineralogical investigations of MC-A bricks 

J 
In orded to observe structural characteristics and tu record 

mineral phases in brick, microscopic and X-Ray investigatio~s 

were done. 

In microscopic preparation of this brick rnicrostructural 

characteristics are clearly observed indicating that during 

firing intensive reactions between ~ericlase crystals and 

chromite occured. 

•· 
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These reactions were particularly intensive between chromite 

concentrate and fine particles of J.b. magnesite in rr~ck 

matrix. In that way quality matrix was formed comprising all 

three sorts of bonds between periclase crystals, as well as 

between peri~lase nad chromite, i.e. cilicate bond, direct 

bond (periclase-~ericlase nad per•-lase-chormite) and bond 

by secondary spinelides (figure and 36). 

Silicates in matrix are mainly present as dicalcium silica­

t2s, though in some parts of brick a silicate is present 

which by its optical characteristics resambles mervinite. 

Mervinite was formed by reaction between dicalcium silicate 

and magnesite hydrosilicates, entered in brick mass with 

chromite. Small particles of chromite in brick matrix reacted 

with periclase or silicates to a great extent. Because of 

these reactions comparatively big quantity of secondary spi­

nelides in form of spoty inclusions was formed; in silicates 

these were crystals often of more regular shapes. Secondary 

spinelides in silicates represent an additional high refracto­

ry phase between periclase crystals. Chrornite-periclase reac­

tions caused formation of direct periclase-pP.riclase bond, 

particularly periclase-chromite. 

During firing some chan~es occured in coarse d.b. magnesite 

grains. Periclase cryst~l5 in these grains , near chromite, 

were enriched with consi'.1rabla quantity of inclusions os 

secondary spinelides. Due to these reactions at high tempera­

tures, recrystallization of periclase took place, with crys­

tals are often over 100 pm big. In coarse grains of d.b. mag­

nesite high level of direct periclase-periclase bond was ob­

served. In these d.b. magnesite grains, dicalcium silicate 

is mainly present, but in smaller quantity compared to brick 

matrix. Bond between coarse d.b. magnesite grains and brick 

matrix was mailny achieved by silicates and by direct 

periclase-periclase bonds. 
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In microscopic pre~arations, high extent of direct bond was 

also observed between coarse chromite grains and periclase 

crystals (figure 36) 

Pores are present in much bigger qualntity in brick matrix 

than in coarse d.b. magnesite grains. 

By ::-Ray examinations presence of periclase and chromite was 

stated (figure 37). Silicates could not be registered for su=e 

because due to presence of chromite, increase of backqround 

occured preventing better registering of difraction reflections 

of silicates. 

Figure 35. Microphotograph of magnesite brick 
MC-A. Brick matrix is in the middle. 
Reflected light preparation~ 
enlargement 100 x 
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Figure 36. Microphotograph of magnesite brick 
MC-A. Coarse chromite grains are 
in the middle and in the left corner; 
Reflected light preparation; 
enlargement 100 x 
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c. Discussion of results 

!!agnesite-chrome brick, 0rade MC-A, was produced of natural 

dead burned magnesite with very low Si02 content and C/S 

ratio over 3. Chromite ore was of usual refractory type with 

high content of cr2o3 , while chromite concentrate was also 

with very low Si02 content and high cr2o3 content. Beginning 

with such pure raw materials, by firing at high temperature, 

quality magnesite-chrome brick was obtained with low norosity 

and good density. Very good mechanical characteristics at ele­

vated temperatures should be se~arately pointed out, such as: 

crushing strength and modulus of rurture at 1400°c. 

By microscopic investigation, ~resence of direct bonds pericla­

se-periclase and periclase-chromespinelide were identified. 

Silicates were present~d in forms of dicalcium silicate and 

mervinite, which, as highly refractory minerals, together with 

secondary spinelides, gives good characteristics at elevated 

temperatures. 

Considering obtained results of chemical and mineralogical 

composition, structural characteristics and thermophysical 

characteristics, it could be said that test bricks were produ­

ced of very good quality. 
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ANNEX No. 1 

PROGR.Z\M 

LABORATORY INVESTIGATIONS ON POSSIBILITY OF OBTAINING 
HIGH GRADE TEST DEAD BURNED MAGNESITE, MAGNESITE BRICKS 
AND MAGNESITE-CHROME BRICKS OF UPGRADED CALCINED 
ZIMBABWEAN MAGNESITE 

l. DETERMINATION OF CHEMICAL AND ~1INERALOGICAL COMPOSITIONS 

OD SEMI-PRODUCTS: SP-A AND SP-B 

2. MILLING OF SEMI-PRODUCTS 

2.1. Determination of characteristics of fine milled semi-?ro­

ducts 

Grain size distribution 

- Packing density 

- Specific surface 

3. BRIQUETTING 

3.1. Selection of conditions for dense briquettes 

- Pre-compacting 

- Velocity of rollers 

- Pressure 

- Temperature of material 

3.2. Determination of characteristics of briquettes obtained 

- Sterngth 

- Apparent density 

- Packing density 

4. FIRING OF BRIQUETTES 

4.1 Firing schedule determination 

- Duration: 2 hours 

- Temperatures: 1700, 1800 and 190o
0

c 
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4.2. Determination of characteristics of fired briquettes 

- Chemical composition 

- Mineralogical investigation 

a) Mineralogical composition 

b) Microstructure 

c) Periclase crystals size 

- Physical properties 

a) Density 

b) Apparent density 

c) Porosity 

d) Hydration resistance 

5. PRODUCTION OF TEST MAGNESITE BRICKS OF DEAD BURNED MAGNESITE: 
DBM-A, DBM-BF AND DBM-BS 

5.1. Preparation of components 

5.2. Preparation of mixtures for bricks pressing 

5.3. Pressing of test bricks 

5.4 D r y i n 3 

5.5. Firing of test bricks 

5.6. Determination of characteristics of test bricks 

- Macroscopic appearance 

- Chemical composition 

- Mineralogical investigations 

a) Mineralogical composition 

b) Mj~rostructure 

- Physical properties 

a) Crushing strength 

b) Apparent density 

c) D e n s i t y 

d) Apparent porosity 

e) Distribution of pores 

f) Refractoriness under load (Ta) 

g) ·rhermal shock resistance (Tw) 

h) Thermal expansion, 20-14oo0 c 
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6. PRODUCTION OF TEST MAGNESITE-CHROME BRICKS OF 
DEAD BURNED MAGNESITE: DBM-A 

6.1. Preparation of components 

6.2. Preparation of mixture for bricks pressing 

6.3. Pressing of test bricks 

6.4 Drying of test bricks 

6.5. Firing of test bricks 

6.6. Determination of characteristics of test bricks 

- Macroscopic appearance 

- Chemical composition 

- Mineralogical investigations 

a) Mineralogical composition 

b) Microstructure 

- Physical properties 

A) Crushing strength 

b) Apparent density 

c) D e n s i t y 

d) Apparent porosity 

e) Distribution of pores 

f) Refractoriness under load (Ta) 

g) Thermal shock resistance (Tw) 

h) Thermal expansion, 20-1400°c 

7. CONCLUSION 

8. RECCOMANDATION FOR FURTHER WORK ON REALIZATION OF 'I'HE PROJECT: 
BASIC REFRACTORIES PLANT IN ZIMBABWE 

Time required: Five (51 months after signing of the Contract . 
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Annex No. 2 

PROPOSED PROGRAM OF SEMI-INDUSTRIAL INVESTIGATIONS 

PART I. ACTH'ITIES TO bE ACHIEVF.D IN REPUBLIC OF ZH1Bl'1BWE 

1. Taking of representative sam~les 

1.1. Taking of the renresentative sarnnles of raw magnesite (18 t) 

from Kadoma r1ine: 

a) 6 t of raw magnesite (3-25 mm) 

6 t of raw magnesite (3-60 mm) 

6 t of raw magnesite (25-60 mm) 

b) Hand selection and se~aration of dark ore nieces 

c) 'i'ransportation to Eiffel rla ts, near Kadoma 

1.2. Taking sarnnles of chrome ore and of chrome concentrate: 

·.1) 1. 5 t of lumpy chrome ore from Frances Mine, Zimbabwe 

(50-200 mm) 

In case that lumpy chrome ore from rrances Mine could 

not be obtained, substitution with coarse chrome concentra­

te designated as "D-20" from ~ttoroshanga ~tine, Zimbabwe, 

is acceptable. 

b) 2 t of chrome concentrate desir;nated with "D-26" from 

Mtorosha~ga Chrome Mine, Zimbabwe 

c) 0. 75 t of flake graphite from Graphite Mines (PV'!.') Limited, 

Harare 

2. Determination of representative samples characteristics: 

a) Grain size distribution 

b) Chemical composition (E. Flats, DoM, IMR) 

c) Mineralogical composition (IMR) 

~) Differential Thermal Analysis (DTA) (DoM) 

E. Flats - Eitfel Flats 
DoM - Der,>. of Metallurgy, Harare 
IMR - Institute of Mining Research 
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3. Calcining test in semi-in~ustrial rotarv kiln (Eiffel Flats, 

Kadoma) - P~EVIOUS INVESTIGATIONS. 

Ada~tion of the existing kiln, 10.5 m of length, 

~1 770/'J2 2 mm and lining with refractory bricks in a manne::::­

to ensure reliable results of calcining test, counting on 

operatinq tepmerdtures u~ to 1200°c. 

It is also needed to provide all necessary equivrnent listed 

in Annex No. 3, prior to beginning of activities. 

Acceptable fuel is light diesel oil or earth gas, depending 

on which one is easier and cheaoer to nrovide in Recublic of 

Zimbabwe. Adequate burner is to be rrovided with need?d ins­

tallations and reservoir of corres?onding volume - also nrior 

to beginning of activities on investigations. 

3.1. Putting the rotary kiln in ~peration 

Testing in cold state 

- Heating up the rotary kiln 

3.2. first calcining tests are to be oerformed with all three 

different fractions of raw magensite, i.e.: 

3~25 mm, 3-60 mm and 25-60 mm 

During these tests the follow~ng factors effecting the ouali­

ty of raw magnesit~ are ~o be determined: 

- effect of material size 

- effect of operating kiln temperatures, 900 - 1200°c 

3.3 Determination of calcined magnesite characteristics: 

- Grain size distribution 

- Chemical composition 

- D'J'A analyses 

- Reactivity with water 
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3.4.Determination of optimum conditions for beneficiation process 

by selective hydration nrocedure (wetting and soaking). 

3.5. Evaluation of results, selection of cptirnurn conditions for 

calcining proc~ss and selection of optimum conditions for 

beneficiation process. 

Pl~ce of realization: Kadorna 

4. Collecting representativt sam?le for nroduction of calcined 

magnesite. Quar~ity of raw magnesite that is to be taken 

from the mine is 140 t. - !·lZ\IN TEST. 

4.1. Transportation of representative sample from Kadoma :line to 

semi-industrial rotary kiln in Eiffel Flats, near Kadoma. 

Characteristics determination of representative sam~le, 140 t. 

- Grain size distribution (E. Flats) 

- Chemical composition {E. Flats, Dom, INR) 

4.3. Evaluation of results 

Place of realization: Kadoma 

5. Production about 55 t of calcined magnesite for beneficiation 

process - MAIN TEST: 

5.1- Regular checking of calcining process: 

- Chemical ~ornposition (every 4 hours) (E. Flats) 

- Grain size distribution (every 4 hours (E. Flats) 

- Reactivity of calcined material (once per shift) (E. Flats) 

5.2.Determination of characteristics of calcined magnesite for 

benefici~tion process - Composite sample: 

- Grain size distribution (DoM) 

- Chemical composition (E. Flats, Dom. IMR) 

- Reactivity with water (Dori) 

- Mineralogical composition (IMR) 

- D?A analysis (DoM) 
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5.3. Determination 0£ specific consumption values for calcining 

process: 

- Raw mar;rn: i te 

- Fuel 

- Electt ,:_c ene:_ sry for work of rotary kiln 

Place of re3lization: Kadorna 

6. Beneficiat5on of calcined magnesite by selective hvdration 

procedure - Ml1.IN TEST 

6 .1. Transportati0r. about 55 t of calcined magensite to Harare (f)o~-1) 

6.2. Production of about 20-22 t of serni-~roduct (fraction "A") and 

about 16-18 t of semi-product (fraction "B"). 

6.3.Controlof the optimum conditions for beneficiation process 

by procedure of selective hydration (wetti~g and soaking) 

6. 4. Determination of semi-pr.oducts characteristics (fractions "A" 

and "B"): 

- Grain size distribution (Do~f) 

- Chemical composition (E. Flats, Don, I.'.'1R} 

- Hineralogica.L composition (!MR) 

- DTA analysis (Dorn 

- Filling mass 

6.5. Determination of specific consumption values for beneficiation 

process: 

- Calcined magnesit~ 

- Water 

- Electric energy 

7. Evaluation of results for main test 

8. Conclusions and recommandations 

9. F •.nal Report for the acti v:!. ties performed in Republic of 

Zimbabwe (10 copies) 

Pluce of real izatio~: Do1A, Harare 
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PROPOSED PROGRAM OF SEr~I-INDUS'IRIAL INVESTIGATIONS 

PA.RT II: ACTIVITIES TO BE ACHIEVED IN YUGOSLAVIA/Et!ROPE 

1. Fine millin0 20-22 t of semi-oroduct (fraction "A") 

1.1. Selection of mill and of conditioP for its o~eration 

1.2. Determination of characteristics c~ finely milled 

semi-product (fraction "A"): 

- Grain size distribution 

- Filling mass 

1.3. Evaluation of resuts of finely milling nrocess 

2. Producti•,r, of dense bric;:uettes, 13-15 t 

2.1. 3election of working conditions for briquetting process 

2.2. Determination of "green" briauettes characteristics: 

- Bulk density 

- Filling mass 

2.3. Determination of specific consumption values: 

- Finelly milled semi-product (fraction "l\") 

- Electric energy 

2.4. Evaluation of all results of bri~uetting process 

3. Dead burning of briquettes in semi-industrial kiln 

3.1. Selection of working conditions for the dead burning 

process 

3.2. Regular control of ~ead burning nrocess 

- Chemical composition 

- Bulk density 

2.3. Production of high grade dead burned magnesite, 10-12 t 

3.4. Determination of cpecific consumption values: 

- Briquettes 

- Fuel 

- Electric energy 

3.j. Evaluation of all results of dead burning process 

4. Production of magnesite bricks, periclase-carb~n bricks 

and magneaite-chrome test bricks, 10-12 t, total 
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4.1. Determination of characteristics of high grade dead bur­

ned magnesite: 

- Chemical composition 

- Mineralogical composition 

- ~icrostructure 

- Size of periclase crvstals 

- Physi~al ~roperties 

- Density 

- Bulk density 

- Porosity 

- Grain bulk density 

- Hydration resistance 

4.2. Preparation of components for brick production and mixinJ 

4.3. Pressing of test bricks 

4.4 Drying and tempering of test bricks 

4.5. Firing of test bricks 

4.6. Determination of characteristics of magnesite test bricks, 

nericlase-carbon test bricks and ~agnesite-chrome test 

bricks: 

- Macroscopic appearance 

- Chemical composition 

- Mineralogical composition 

- Cold crushing strenqth 

- Ap~arent ~orosity 

- Refractoriness under load 

- Thermal shock resistance 

- Linear expansion coefficient 

4.7. Determination of specific consumption values 

- Raw materials 

- Fuel 

- Electric energy 

4.8. Evaluation of all results 

~. Conclu~ions and recornmandations 

6. Elaboration of Final neport about 
Yu~oslavia/Euro~e (10 co~ies). 

acivities executed ill 
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ANNEX No. 3 

LIST OF THr: EQUIP~lEN'T' WHICH IS TO BE p_q_ovIDED 
FOR HORK vN SEl\!I-INDUS'1'Ril\L INVESTIGATIONS P-1 
REPUBLIC OF ZIHBABWE 

1. ~1:!£e~E-~~!.!_~~~".:::~Y~E that can also be '.'lovable. Intended for 
feeding semi-industrial rotyra kiln with raw magnE:site. Hore 

detailled description of this kiln is aiven cts ~tern ~o. 2 of 

this list. 

2. ~~~!:!~~~~!E!~!-~~~~Ei-~!!~ for the forseen semi-industrial 
investigations; the existing kiln in Eiffel Flats (under a 

roof) co~ld be used (10400 mm of len0th). The kiln has to be 

adapted and mechanically repared, as well as lined with ~~­

fractory .~ricks of adequate quality, as to reach working tem­

Pf aturcs over 1200°c. 

For this kiln adequate burner is to be provided to use light 

diesel oil or earth gas, enabling proper calcination of raw 

magnesite up to 12oooc, according to the kiln capa=ity. 

Prior to beginning of works, the kiln is to be mechanically 

tested .. n cold state. 

3. QE~!~~±_!~~E~E~!~E~-~~~~~E!~g_!~~!E~~~~! to control working 
temperature in rotary kiln during calcining. Its measuring 

range should be approximately 700-1300°c, with accuracy of • 

± 10°c. The instrument iB to enabJe the whole quantity of 

raw magnesite to be as evenly calcined as possible, as well 

as to enable temperature control at different levels. 

4. ~!~~r_f2~-~~~~!~g-~b~-~~!s!~~g-~~gn~~!~~ 

For this process mobile mixer cou:a bP. used, l 4 ke the one 

usen for mixinq concrete in civil engineering. It should be 

about 100 liters of volume, or close of that volume, obtainable 

at the market - from reguJar serial rroduction. 
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5. Containers made of zink nlated sheet, . 
------------------------------------ about 75 liters of vo-
lume (20 ncs) . The containers are intended for taking over 

the calcined magnesite after wettinG in concrete mixer. The 

20 pcs are to enable undisturbed work fer 2 - 3 days. 

6. y~~E~~!~g-~~E~~~· double decked, with capacity of 200-250 kgs/ 

h. As no special re~uests are made regarding construction of 

the screen itself (it is only desirable that it should be 

dedusted), an ordinary screen from regular ~roduction could 

be used, having about the required canacity, which can be 

found in Zimbabwe. Mesh sizes of the screens should be as 

fvllo-.1s: a) the upper screen 3 x 3 mm; b) the lower screen 

l x 1 nun. The sc~eens used in civil engineering could be 

used for this purrose. 

7. ~2!9-~E~~Q!~g_!~§!~E with the Attachment for nressing the 

samples tested 

The tester is indispensable for develonment of new nroducts 

in fine and coarse ceramics and constructional materials. 

It would considerably facili~ate work and extend activities of 

Department of Meta~lurgy. An Offer of the best known Euro;_:ieaa 

producer was acquired (TONI-MEL Prufsysterne, D-6707 Schiffer­

stadt, No. 1982/85/0 of 16th October 1985). The copy of the 

Offer was given to Zimbabwean partner 




