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ABSTRACT

The work on the project TESTING OF RAW AND CALCINED MAGNESITE ORE (Ref.
DP/ZIM/83/006) has been done during the period 25.04.1987 through
22.08,1987, a total of 17 weeks.

The objective of two experts mission was to assist Zimbabwean Govemmment,
to carry out semi-industrial investigations, and to explore technical vi-
ability of a beneficiating technology, developed earlier, for reducing
high lime content of Kadoma raw magnesite, enabling thus its use for the
Production of hifh quality basic refractories, In addition, as many re-
levant input data for the preparation of the feasibility study shouid be
collected from this work, as possible.

Semieindustrial tests corsisted of precalcining of different sizings of
the ore, taken from regular production of Kadoma mine - at different
working temperatures, and of processing of obtained calcined material
by selective hydration process.

The investigations have been carried out in two steps:
=~ Irial tests, aimed at determination of optimal oporational conditions
for the main test, and
» Main test, in the course of which about 170 t of raw magnesite have
been calcined and processed. '

By applying the proces of selective hydration following semi-products have
been obtained (starting material = calcined magnesite had 6.23 % Ca0):

Semi-product Qua:tity Limfﬁpontent Lime r;?uction
SP = A 22.4 3.67 - 37.4
SP - B 19.1 4.64 bl 20.0
SP - C 7.4 9.16 + 59.2

By simple additional processing (tumbling + screening) of semi-products
®A®, and ™B", new semiw-produvcts of improved quality have been obtained:

Semi~product Recovery Lime Content Lime Reduction
%
SP « AT 20,20 3.34 43.2

Semiwproducts SP-AT, and SP-~BI, according to their chemical compositionm,
belong to the group of magnesite concentrates, which enable the produc-
tion of high quality dead-burned magnesite, and basic refractory bricks.

./ .
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Semi~produet "C", despite of its high lime content, represents a valuable,
salable product, which is used as an additive to fertilizers, dbut it has

many other industiial aprlications, as well,

The results, obtained from these semi~-industrial investigations, have con-
firmed, that the selective hydration process can successfully used for up-

grading of Kadorma raw magnesite, fully Jjustifying the test work done, alsc.
It kas been recommanded:

i. to carry out the Il. phase of semi-industrial investigations with up-
graded semi-products (20 t of SP=A, and 6 t of SP-B) in order to deter-
mine the optimal operational conditiors for: a) production of dead-burned
magnesite, and b) of basic refractory bricks (from semi-product SEsd);

2. to explore the domestic, and foreign (SADCC-, and PTA-) markets, and to
prepare a precise MARKEI STUDY;

3) the reserves and the quality of Kadoma magnesite (max, 1 % of 5i0,, and
max. 4 % of Cal) to be checked and confirmed by GEOLOGICAL SURVEYH arare;

4) to prepare, if the 1l. phase of semi~ind.investigations proves to be
successful, a feasibility study for complete project;

5) employ the additions of existing staff with Department of Metallurgy,
enabling them to specialize in the fields of ceramics and refractories;

6) to provide additional equipment for Department of ietallurgy, enabling
more comprehensive investigations in the field of ceramics and refrac=-
tories to be carried out;

7) to carry out the investigations on the viability of domestic raw mate-
rials for the production of high alumina refractories;

8) te provide most important scintific literature (books and journals)
" for the fields of ceramic and refractories.
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Ly INTRODUCTIION

A, Background

Sefractories belong to the group of strategic materials, which are in-
dispensable fc;r the lining of industrial kilns for the production of:
steel, ferro-alloys, non ferrous metals, cement, lime, glass, ceramics,
oto. Many countries in the world would like to have their own produc-
tion of refractories, in order to increase their economical independence,
and to improve foreign exchange situation. This is especially the case
with the cbuntriu, like Zimbabwe, disposing over reach raw material re-
sources, such as: Magnesite, chrome ore, graphite, kyanite, bauxite,
silimanite, corrundum, fire clays, etc.

Regular production of Kadoma (Barton Farm) magnesite ore has a content
of 3=4 per cent of lime, and (Swl.o0 per cent of silica, respectively.
While such a silica content is acceptable for the products out of natue
ral magnesites, the mentioned lime content is not only very high, but,
in addition to that unsvenly spread as well, making thus the use of
such dead-burned magnesite for the production of refractories very li-
mited., This because of the fact, that the high lime content reacts with
the humidity from the air, causing the desintegration of shaped products.

Kadoma mine exploits natural magnesite for almost two decades, but this
is prevailingly used for the manufacture of refractories outside of Zim-
babwe: This ore has a typical appearance of a breccia, containing magne-
site fragments, white to grey in colour, binded by the dark grey material
in form of a nettwork of veins. Magnesite fragments are of satisfactory
purity. Binding material, consisting of a mixture of dolomite and magne-
site with the higher concentration of lime, shows higher conteat of lime
than the ore itself.

The size of magnesite fragments vary from a few milimetres up to a few
centimetres. ILe ore is pretty hard, and during orushing the cracks ex-
tend mostly through the magnesite fraguents, which will be thus splitted
in two or more pieces. The smaller magnesite fragments, after e¢rushing,
stay being binded by the bond, as described above; Ihis is the main rea-
son why the known methods, based on the gravity, camnot be succesfully
used for the beneficiation of Kadoma magnesite ore.

%d o
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In order to obtain a stable dead-burned magnesite from Kadoma ore, some
investigations have been carried out, under the leadership of the experts,
in the Research Institute of MAGHOHROM, at Kraljevo (YUGOSLAVIA), and the
results published in the ®PRELIMINARY SIUDY OF IHE TECHNOLOGICAL VIABILIIY
OF ZIMBABWEAN MAGNESITE AND SOuME CHROME ORES FOR THE PRODUCTION OQF BASIC
REFRACTORIES®, April 1983, (1). During these investigations, by applying
the process of bhomogenizing and stabilizing, a stable dead-burned magne-
site of commercial quality, containing about 88 per cent of idg0, has
been obtained., Owing to its properties, this dead-~-dburned magnesite mn
be used for the production of basic refractories of usual, commercial
grade.

The production of high quality magnesite-, magnesite-carbon-, and magne
site-chrome bricks from Kadoma magnesite would be possible, only if this
ore could be up~graded by means of a process, which could noticeably re-
duce its lime content.

The aunthors of this report have carried out laboratory scale investiga~
tions in Zimbabwean Institute in the time <from December 1984 through
March 1985, and developed the new process of "selective hydration™, The
results bave been published in their Terminal report: MINVESIIGATIONS ON
THE POSSIBILITY OF BENEFICIATING OF LOCAL RAW MAGNESITE FOR THE PRODUCTICON
OF BASIC REFRACTORIES (DP/ZIM/83/006), (2).

By U ading of raw magnesite by selective hydratio

The applied process of selective bydration is based on ths release of
pure magnesite fragmerts from the binding material. In order to achieve
this, the ore should first be calcined, and the magnesite (MgCOs), and
dolomite (ugcoa.Cacoa), reapectively, decarbonised according to the re-
action:

MgCO, > Ugd + CO,
Mgu + Cad + 2C0
m03.0w03 — 2

Chemical properties of thus obtained Mg0, and Cal, respectively, differ
esaentially, especially in respect of their reactivity under the influ~
ence of water and/or saturated water~vapour. Lime is much more reactive,

and selective hydration process makes use of this property.

Ibe process corsistz of following:




= Kadoma magnesite ore, produced at present by selective mining, with a

silica content of up to 1 per cent, and lime content of up to 4 per cent,
is crushed primarily from 250 mm down to 60 mm, and then down to 25 omm;
the ore will be acreened out twice: after primary crushing on the sieve
with the apertures: 60x60 mm, and after secondary crushing on the sieve
with the appertures: 20x20 mm, and J3xJum, respectively. Regular sizing
for deliveries to refractories industry is the ore: « 25 ¢+ 3 mm, ZIhe
tailings, » 5 mm (about 15=17 per cent of the total ore qnantity), are
stockepiled at the mine, as unusable rejects for the time being;

Three sizings of Kadoma crushed and washed magnesite ore: a) - 60 « 25 o,
b) w60 « 3mm, and ¢) » 25 ¢ 3 ma are calcined in the rotary kiln at -
trial working temperatures betweem 820°C and 1050°C;

Calcined Kadoma magnesite, cooled down to room temperature, under conti-
nuous mixing in an appropriate mixer is wetted with 5-6 wt. per cent of
water and, after one minute, transferred in a steel contaiier, and kept
covered (with a 1id) for at least 24 hours (soaking time). During this
time period selective hydrationm takes place: water first reacts with
Ca0, forming Ca(OH) 5 + Thiz reaction is exothermic one, generating
heat, which increases the temperature of the material, and creates wa~
ter vapour. The latter penetrates in the micro-, and macro-cracks and
pores of the calcined material, and reacts with the lime, contained by
the binding material. This reaction, whici is followed by great increase
of the volume, causes desintegration of the particles, having higher con-
tent of Cal. In this way the magnesite fragments are released, but some
of them would also slightly react, just on the surface, keepiang their o-
riginal shape and size, and becoming somewhat harder.

After the soaking the hydrated material is quite dry, and can be scroen=
ed out without difficulties on a doudble~deck screen. The coarsest class
of the material shows the lowest lime contemnt, and the finest class -
the highest lime content. Lime comtent of the middle class is somwhere
in between. Chemical composition and recoveries of the individual class~
es can be adjusted, by using the screens with different appertures,

By applying selective hydration method of beneficiation of raw magne-
site from Kadoma mine in laboratory scale investigations, following
roecoveries of semi~products, and their lime contents have besn achieved:

fO/ .




Semi-product  Praction, mm Recovery, % Cal, wt. %

SP-A? - 16.0 ¢ 3.0 35-40 2.5 = Je0
Sp-B? - 3.0 +1.18 30=35 4.0 - S.0
SP-C? - 1.18 28=-32 10 = 15
Starting
Material 25.0 ¢« 0 100 6475

The obtained semi-products ®A® , and ®B® , have been used for carrying
out of additional laboratory scale investigations, aimed at obtaining
high quality dead-burned magnesite, magne s it e~ , and magnesite~
chrome bricks, respectively. The results have been published in the Final
Beport, UC/2IM/85/119, June 1986 (3), with the main conclusion: "the re-
sults of laboratory scale investigations are very positive. Properties of
obtained dead-burned magnesite, and of test bricks can be compared with
the highest grades of basic refractories produced out of natural magne-~
sites,

Despite of all efforts, done during sarlier long lasting invest.igations,
o one conventional beneficiating method bas given positive results, when
spplied to Kadoma magnesite, due to specific characteristics of this ore.
The only ones left, which could te applied successfully for up-grading of
Kadoma magnesite, are:

= Selective Hydration,
- Plotation,- and

« Chemical processes.

As far as the flotation is concermed, it can be said, that omly receatly
the investigations for the reduction of lime content in raw magnesites of
Kadoma type had been started. And, the chemical processes are knmown to be
by far most expensive.

On the basis of first estimates, the production costs for ome ton of up-
graded magnesite (semi-product) by selective hydration should be some -
where in ihe middle of the known processing methods, given below in the
sequence of increasing production costs:

- Magnetic Separation,
- Optical Separationm,
~ Heavy iedia {Gravity) Separation,

~ Selective Hydrationm,
Plotation, and

Chemical processes. o o




The results of chemical analyses for the hand selected pure magnesite
fragments from Kadoma ore have shown, that one part of its Ca.COs (cor-
responding to about l.0~1.25 per cent of lime), has beem finely and e
venly distributed through the magnesite fragments. This part of lime
could be eliminated from the ore only by chemical process. The other

processes cannot reduce the lime content in the calcined or deadebur-
ned Kadoma magresite below 2.0-2.5 per cemt. Practically, selective
hydration, and flotation, respectively, could reduce the lime content,
in this particular case, up to a level which is located somewhat above
the mentioned values. This because of the fact, that both processes
primarily remove the lime originating from the dolomitic binding ma~
terial.

At the end the main features of the -soloctivo hydration process can

be summarized as follows:

Advantages:
= Very simple technology, nmot requiring highly skilled manpower,
- High efficiency in the reduction of lime,
« Very flexible process, ensuring gcod recoveries,
- Process practically without rejects,
Relatively low consumption of emergy,
« Very small consumption of water,
« No special problems for the protection of environment,
= Low investment costs, through the use of simple equipments

Disadvantages:
- Process cannot use magnesite ore below 5 mm,
- Two steps firing (calcining and dead-burning),
- Lower lime reduction than with chemical process.

C)e Purpose of this Missjop

Starting from the positive results of previous laboratory scale inves-~
tigations, a Programme of work (Annex No. 1) has been prepared for care
rying out of semi-industrial investigations, aimed at up-grading of Ka-
doma raw magnesite, containing up to 1 per cemnt of silica, and up to 4
per cent of lime, respectively, so that it can be used for the produc-
tion of high quality basic refractories.

.




The reasons for having recommanded semi~industrial investigations to be

carried out, were very numerous:

- gelective hydration is quite newly developed technological procuss,
for which all operational conditions have to he found out in the

practice;

-~ the results from laboratory scale investigations camnnot be taken
as sufficiently relyable (not only due to great differences in the
operational conditions), and must be checked;

~ for the preparation of the feasibiiity study relyable input data,
like specific consumption figures, etc., are needed. These can on-

ly be cc'lected from semi-industrial investigations;

= necessary quantity of the starting raw muaterials for semi-industrial
Production of high quality dead-burned magnesite, snd of test bricks,
could not have been ensured otherwaise;

« the knowledge of the final product properties for a future plant
is of outstanding importance for making decision, whether to estab-
lish an investment intensive plant or not;

~ the most important equipmentis, necessary for the first phase of

ximity to the magnesite mine.

semi~industrial investigations, were available in the closest pro-
It wae expected, that the experimental work, in its end phase, would ‘
|
\
\

enable the obtaining of upegraded magnezite (semi-product "A®) for the
production of refractories, having following chemical composition:

Semi-product 5102 Cal MgO
SP=A 1-1.5 S=4 94-95
SP-B 1-1.5 4-5 93-94

I2 this quality grades of semi-~products "AW, and "B™, would be achieved,
second phase of semi industrial investigations in Yugoslavia/EUROPE, as
well as the preparation of the feasibility study would be fully justified.

In oxrder to allow the comparison of the mentioned qualitis with the qua~
lity grades, obtainable on the world market, in the Table No. 1 (4) the
chemical compositions of the dead-burned magnesites, as produced out o :
a) erypto-crystalline magnesites, b) large crystalline magnesites (kigh in
iron), and ¢) sea water and brine, have heen shown:

o




3102

a0

Fezpa

Cal

g0

5203

Bulk
Density

From

8102

A 05

P°293

Cal

kg0

8293

Bulk
Density

C) Synthetic

3102

K%

Pezos

Cal

Mg0

8%

BeDensity

Table ho 1.

Chemical Compositions and Bulk Demsities
of Commercial Dead-Burned Magnesites

4) From crypto=crystalline Raw sMammesites {low ironz = in per cent

. A
1.5
0,2
0.8
2.4

95,5

0.01

Se 39

1.0
1.0
5.0
3.C
90,0
0.0l

3436

e8ias =

0,7
0.2

0.2

B
l.4
0.2
0.8
2.2

95.0
0.01
3.40

@ erystalline Raw i

0.9
0.5
7.5
2.7
88.0
0,01
3420

0.6
0.2
0.2
0,7
98,C
C.08

Jed2

c . D
0.8 0.8
0.2 0.15
0.6 C,7
2.4 3.5

96.0 94.5
0,01 0.01
3635 3.30
esites (hi
1.3 1.2
0.8 0.6
2.7 1.3
0,8 1,6
94.5 95.1
0,01 0,01
3.35 2.26
e
0.5 043
0,15 0,08
0.15 0,06
2.2 1.0
97.0 98,6
0,04 0,08
3040 3.4l

E
1.5
0.25
0.6
2.0

95.0
0.01

3,38

iron
0.8
0.2
3.2
2.95
92,9
0,01

3¢25

0.15
0405
0,06
0.4

99.3

0,01

337

F . ¢
2.5 55
0.2 Oe2
0.8 0.2
1.5 2.0

94.5 92.0
0.01 0,01
3356 3.30

= in per cent
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By coaparing toe chemical composition of Kadoma raw magnesite with the
data, given in the Table No. 1 , it can be found out, that all its con~
taminants are present in allowable limits. The only exception represents
its lime content, which is almost three times higher. Liowever, by effi-
cient lime reduction, which will be followed by corresponding increase

of MgO~content, the chemical composition of its dead-burned products can
be brought to the necessary level, so that its quality will be competitive.

At the requests of the Ministry of Mines, and of the Ministry of Econo-
mic Planning and Development of Zimbabwean Govarrment, UNIDO arranged
for the authors to assist the Government, and to carry out semi-industri-
al investigations in the period 25.04- 987 through 22.08.1987, a total
0f 17 weeks. The main objective of two experts was to explore technical
7iability of a beneficiation technology for raw magnesite from Kadoma
mine, developed earlier, to reduce its high lime content, and to collect
as many specific consumption figures for the process as possible, needed
for the preparation of the feasibility study.

D . Mission Support

The mission was based at the DEPARIMENT OF METALLURGY (DoM), Ministry of
Mines, Harare. Counter-part team comsisted o%: '

1) Mr. J.J. Bungu, BSc, Msc (U.K.), Director of the above Depart-
ment, who was assigned also as National Project Firector;

2) Mr. J. Mapiravana, BSC (1983, University of Zimbabwe - Chemistry
+ Geology), Chief of Ceramic Department in the Dep.of Metallurgy,

3) Mr, L. Mareya, BSc (1985, University of Zimbabwe = General Degreey,

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

in all important discussions, particularly in those on the Programme of
Work, and on the rearrangements of the time schedule, iatroduced by the
RIO TINIO Managements. During the work of the experts in R10 IINIO plant,
at Eiffel Fiats, Mr, Bungu had regular daily cortacts, giving his sugges-
tions prevailingly through Mr, Mapiravana., In addition, iMr. Bungu has paid
the visits to the duty station in Eiffel Flats almost every week.

./.
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Curriculum vitae for semior counter-part staff, Mr. J. Mapiravana (Amnex
No. 2) , and Mr, L. Mareya (Aunsx No. 3), who have assisted the experts
for the whole duration of this mission, and whom to an everyday’s on the
job training has been given, are attached to this report. hir. Mapiravans
was responsible for the official relations with the management of BRI
TINI0, and witk the workers, rendering services during the semi-industri-
al investigations. Both, Mr. Mapiravana, and Mr. Mareya, deserve full re-
cognition for their devoted work on the realisation of the proiect.

Experimental work has been carried out in RIO TINTIO plant, at Eiffel Flats,
on the basis of permission, granted by Mr. F.C, Boehmke, Executive Dirsc-
tor (Development), and Mr. A.J. Dorrentoom, Operatiozs Director. Very va-
luable support, also, has been received from Mr. M,Van Zyl, Workshop's
Forman, at Eiffel Flats plant, who continuously took care of proper sex-
vicing and maintenance of equipments, used by the experts.

Most useful support has been gi-en by the INSTITUTE OF MINING RESEARCH,
at the University of Zimbabwe, Harare (Director Prof Dr. K.A. Viewing,
Mr, ?.B.C; Fernandes, and Mr., B, Witkin), where very many determinations
and chemical analyses have been done, and for which our sincere thanks
are due,

The authors have been enabled to make many visits to existing magnesite
mizne, &t Barton Farm - Kadoma (Manager: Mr., Odendasl), for collecting
of representative samples. For the support by senior staff of the mine
in delivering tho samples in shortest period of time, we would like to
thank them all,

The authors gratefully acknowledge the enthusiastic help, provided by
80 many individuals., Without such support all these investigations couid
not have been accomplished in time.

Egpecial thanks are due to Mr. A, Olsen. JPO at UNDP-Office, Harare,
for comstant support and useful imstructicns.

- e = 0™ 0 -
On 30, Juna 1987, Dr. A, Ambatchew, UNDP~RESREP, Harare, Mr. C, Ushewo-
kunze, Perm.Secretary, Min.of Mines, Harare, and Mr. D,Litvinovié, Amba-
ssador of SFRY, in LHarare, visited the experts at Eiffel Flats, in order
to get full acquaintance with the progress of experimentel work, and wth
the possible future phases in the realization of tha project.~ On 06, A~
gust 1987, Mr, Murangari, Dep.Perm.Secretary, Min.of Mines, Harare, also
visited the experts, with the same scope.

o/'
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B. Preparatory work apd hirdrances during the mission.

1)e In order to enable counter-part team to carry cut the Preparatory
work, sud to provide the equipments, necessary for semi~-industrial ine
vestigations = on time, two lists have been submitted by the experts:

~ List of the equipment to be provided for semi-industrial inve=
stigations - with the Final Report, in June 1986 (3), (Annex
No. 4), and

« List of Recommandations how to prepare the rotary kiln, at Eiffel
Flats, for caicining of raw magnesite - ir December 1986 (Annex
Ko. 5)0

Due to justifiable reasorna it has not been pcssible to get everything
accomplished before the arrival of the experts, so that they also haa
to take care with the Natiomal Project Director, and ic make provision
that their work can start woithout delay.

Despite of all efforts, thers were problems to be solved, and the hine
drances to be eliminated during the mission, Some of them, being of
greater importance, will be meniioned hereunder, and the solutions
and/or wa;-outs dsscribed.

Before that it must be smpasized, that on the besis of the annourcement
of RIO TINICG?s Menagement, additionally mads at the beginning of June,
the rotary kiln, which had been given at disposal for calcining of raw
magnesite, could have been used only untill 22nd June 1987. After that
date, it was notified, RI0 TINIO needed this kilP for their own purposes,
without any possibility to eventually make use of the same in a later
period of time., So, there was no other choice, than to use the kiln in
the time available,

2)s The existing chamical laboratories in Zimbabwe did not have very
much experience with the chemical analyses of raw magnesite, and of cal-
eined, and hydrated magnesite, respectively. Due to that, somo disc_e=
pances happrened to occur. Some of the results were no% logical at all,

In order to overcome this problem, sources of mistakes have been tho-
roughly discussed with the relevant laboratory chiefs, and the instruce
tions given how to apply the standard analytical methods.

of o




In order to avoid the risk of getting unrelyable results, the specimens
for important analyses have been submitted to thres chemical laborato-
ries. All other specimens have been submitted to at ieast two of ilem,

Evaluation of the results for chemical composition has been done on the
basis of the average values of the results from all three, bat at least
from two different chemical laboratories. In exceptional cases, sume of
the results, being very unlogical, have not been considered.

3). During the determination of the distribvtiom of Mg, Ca , and 5i,
in the magnesite ore, photo-camera on the Eleetromwilicro-Probe-equipment

vas not in a good repair. Because of that, it was necessary to visually
estimate the mentioned distribution on the monitor. In addition, the con-
sentration of Mg , and Ca in the magnesite fragments, as well as in
the binding material, has been determined by the device for energy-dis-
persive analyses of the electro~micro-probe equipment.

4). The rotary kiln, before being used for the calcining of raw magnesite,
has not been run for at least onme year. Iherefore, it was necessary to
conduct pretty extensive maintenance work, in order to get it usable for
this particular purpose., Additional problem was the fact, that the refrac-
tory lining bricks had been almost saturated vy chrome tauning salts, pro-
soased earlier in the seame kiln. And, the alkaline chrome salts represent
unpleasant contaminant for the magnesite products.

Cleaning up of the rotary kiln refractory lining from tive infiltratod
salts has been conducted by calcining ef raw magnesite ; ~ more than 24
bours, at the working temperature of 900%C . During this time, a new
eoating has been formed om the refractory lining, consisting of Mg0-Cal-
Al 203-810 2-conponnds.

Due to the shortage of the adequate refractory bricks for the lining of
the entrance part of the rotary kiln, about 3 meters in length, it was
Jjointly decided with the Management of RIO TINIO, to cool this pert of
the kiln with sufficient quantity of water = during its running, This,
on the other side, had a very negative influence on the consumption of

fuel o0il, making it noticeably higher.

o




5)s For the process of up-grading by selective hydration, working tempe-
rature for the calcining of raw magnesite is of outstanding importance.
The working temperature should be somewhat higher than the temperature
of decompositim of calcite, but, on the other side, somewhat lower than
the temperature, at which a noticeable densification of calcined magne=

site begins.

During the trial tests the working temperatures have been measured both,
by Pt/PtRhethermocouple, which has been builte-in into the rotary kila ,
as well as by means of an optical pyrometer = ®OPTIX®,

Litre~masses of magnesites, calcinsd during thé trial tests at precisely
zeasured working temperatures between 820° and 1050°C s have been found
to be very useful and quick method for the determinatiom of the calcining
grade of the material. This, because of the fact that a good correlation
between the litre-mass, on one side, and the calcining temperature, on the
other, exists,

At the beginning of the main calcining test the existing thermocouple
was broken. Due to the request of RIO IINIO?s Management to set this kiln
free for their use in a very short period of time, it was mot possible to
wait untill the newly provided Pt,/PtRh=thermocouple be calibrated. Under
such condition, it was jointly decided with the counter-part team, not
to shut down the kiln, but to measure the temperatures by both, the new
thermocouple, and optical pyrometer parallely. In addition, the litre-
masses of calcined magnesite have regularly to : determined, every full
houx,

6). On the basis of the results, obtained from the trial tests, it would
have been better to use for screeming out of the hydrated material i» ihne
main test following wire-sieves: a) for the upper position the sieve with
the appertures: J3.15x5.15 mm, and for the lower, the sieve with the apper-
tures: l.4x1.4 mm. Unfortunately, both sieves were not available on the
market. Due to that, for the main test the sieves as follows had to be
used: 3.4x3.4 mm in the upper position, and 1.6x1.6 mm in the lower, This
slight change in the appertures of the sieves has not caused noticeable
change of the results, obtained in the main test.

of o




II., RAW MAGNESITE FOR IRIAL IEST

A, Collegting of Representative Samples.

For the trial tests of semi-industrial investigations two representative
samples of raw magnesite have been collected, as follows:

a) Sample BM 3-25 mm, about 40 t of crushed, washed and screened=
out ore, from the railway site, which has been prepared for delivery to
a foreign customer, having total quantity of about 1,5C0 ¢t ;

b) Sample RM 25«80 ma, about 22 t, representirg the “overflow®™ from
the sieve with the appertures: 205x25 mm, after primary orushing ol tae
ore, at Kadoma mine ;

) Sﬁplo EM 3~-60 mm, about 12 t, has been prepared in the rotary
kiln plant, st Eiffel Flats, by using 75 wi. per cent of the sample s) ,
and 25 wt. per cent of the sample b) .

All details in connection with these represertative samples have been
described in the Amnex No., 6

11X, DETERMINATIONS OF PROPERIIES OF BAW MAGNESITES
T FOR TRIAL IEST

In order to find out, whether the ore has the same properties as ihe
one from 1964/1985, when the laboratory scale investigations have
been earried out, it was requested to determine its fellowing pro-

perties:

» Grain 5ize,

Chemical Composi.tion,
Mineralogical Compositionm,

= DTA, and

Physical Properties.

A, Grain Size Distribution

In order to ensure the changes of sizing of varicus magnesite samples to

be followed during all phases of technological process, grain size distri-

burion of all three representative samples has been determined, and the
of -
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results shown in the fable No, 2 « Special attention has been paid to
particles below 3 mm, which after calcining in rotary kiln becoma smal-

ler, and represent an useless burden for the process,

Table No. 2 .

Grain Size Distribution of Representative
Samples of Raw iagnesite

(Per ceat)
Particle
Size + 25 25415 ~15¢10 «1045 =543 -3
Sample
BEM 3« 25 G2 40,3 17.6 26.8 6.9 8.2
EM 3 - 80 22.5 36.2 14.6 19.2 d.9 S.4
m o 60 79.0 20.0 1.0 - - -

B, Chemical Composition

Special care has been taken to determimethe contents of most relevant
ingredients, particularly the contents of contaminants, having great
influence on the properties of final basic refractories. The obtained
resulis are shown in the Iable No. 2 .

Table No, 3 .

Chemical Composition of Representative
Samples of Raw Magnesite

(per cont)

Semple ’ LOI LSiOa ’11203 ’ 1?0203 , Cal , ¥g0 ’ Bz%
BM 3-25 49.93 2.67 0.06 0.14 3.03 46,13 0,04
EM 3-60 49,94 0.74 0.07 0.15 3,04 46,07 0,04
BUd 25-60 49.75 0,70 0,07 0.15 3,15 46.14 -




C. Mineralogical Composition

Macroscopic appearance of the magmesite ors, exploited at present, is
the same as in the time of laboratory scale investigations (19W1985).

It is a typical breccia. On the basis of colour one can differemtiate
between white and grey breccia, and dark pieces of magnesite ore. X-Ray-
Difraction-tests have shown, that the main constituent is magnesite,
ascompanied by dolomite. bDut, some quattity of calcite is also present.
4 typical X-Ray-Pattern for the sample: BEM 3-60 has been given on the
Mgure No. 1 .

K eetronmilicro=Probe dispersive snalyses have shown, that magnesite
fragments represent the material of good quality, with evenly distri-
buted small quantity of lime. Main lime content is intruded in the
binding material, which, on the other side, is a mixture of magnesite
and dolomite. Distributions of magnesium, and ealcium, in three dif-
srent varieties of the ore, are shown on the Fihures No. 2, No. 3,
and No. 4 , respectively.

Distribution of Mg, Ca , and S5i, respectively, in the ore has been
also tested in the INSTITUIE OF MINING RESEARCH on the ELECTRONAMICRO-
PROBE Unit: JOEL 733 SUPERPROBE, with settings as follows:

= Acceleration Voltage 20 kV

- Current 2x107° Amp,

Ihe photographs obtained with the representative samples: RM 3-60
(white and grey breccia, as well as dark ore piocos} were .he same as
in the tests carried out in 1984/1985.

D, Differential Thermal Analyses

Determinations of the decomposition temperatures of magnesi’e, dolo-
mite, and calcite, respectively, have been done by meaus of diffe-
rential thermal analysis, witha alph&-Alzos as reference material.
Increase of temperature between 2% and 1000°C was 10°C per mi-
nute, and sensitivity -~ 0.,2mV .,

Trpical DIA~diagrams for raw magnesite are shown in the Figures
No. 5, No. 6, and XNo, 7 , respectively.

‘/.
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DlfA=Diagram of Raw Magnesite
Sample: RM 25 = 60
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B, Physical Properties

fhe vaiues for the following physical properties have been determined,
and the results shown in the Iable No. 4 3

~ Density,
- Bulk Density, and
e Litre-Mass (Amnex No. 7 .)

Tablas No. 4 .

Physical Properties of Raw Magnesites

Sample ”"‘::;Y Bulk 2;:-1'@ ;wﬂta.
R -5 2,96 2,91 1.52
R 3-60 2.97 2.91 1,55
BN 25-60 2,97 2.92 1.47

P Evaluation of Results

Grain size composition of raw magnesite sample RM 3=25 1is very si-
milar with that one from 1984/1985. As a general remark it can be
said , that the content of particles below 5 mm 1s pretty high,
amounting to about 15 per cent.

This is not the case with the sample BM 3-60 , due to the participa~
tion of the particles between 25-60 mm (25 wt. %). However, the calcin-
ing and the processing will show, how this coarser particles are going
to behave during the treatment.

Chemical composition of all representative samples of raw magnesite was
good, and within usual limits for the production of mine in the last 5«6
years. The internal specification, mot to exceed the contents of silica
(max. 1 per cent), and of lime ( max. 4 per cent), respectively, have

been strictliy kept.
’c/ .




There is no evidence about noticeable changes neither in respect of m cro-,
and microe~structure, nor in respect of the distributions of dg , 35i ,

and Ca , respestively. The only slignt difference has been registered
from the X-Ray-difraction test, showing occurence of small quantity cf
calcite, in addition to the mair mineral ~ nagnesite , and to the acom-

Danying mineral ~ dolomite.

Distribution test for Mg , Si , and Ca , respectively, has confirmed,
that the magnesite fragments represen: the material of good gquality (with

small quantity of calcium evenly apread), and that prevailing gquantity
of Ca 1is contained in the binding material in form of dolomite, Silica
content is rather low, and also evenly distributed through the ore body.

DIAwtest has shown, that the decomposition temperatures are as follows :
‘ 1) for magnesite =~ at 600°%C

2) for dolomite - at 720%C

3) for Cafo,

(croa&ed from o
Aolomite - at 800°C

4) for calcite at 940°C.

The intensity of the ®peaks "3® , and *"4® (Figures No. 5 , No. 6 ,
and No., 7) from DIA-tests confirmed, that the main bearsr of lime
in the ore was dolomite, and calcite being only a sporadic mineral.

Physical properties o7 raw magnesite were also within the values ,
usually, found for this type of the ore.




IV, INVESTIGATIONS < IRIAL TESIT

A, Calecining of Raw Magpesite

Irial calcining tests were aimed at finding out of optimal operational
conditions for the main calrnining test, as for instance:

1) Working temperature for rotary kiln,

2) Sizing of raw magnesiie,

3) Appropriate feed of the kiln,

4) Handling of ealcined material,

£) Organization of process control.

With the Programme ¢f Work only three working temperatures have been
planned, i.e.: 900° , 1000° , and 1100°C, However, it was decided
at the site to emlarge the working tsmperature levels, introducing:
820° , 850° , 870°, amd 1050°C , and ommiting 110000. The tempera~
tures below 900°C have been used in oxder to test the behaviour of the
magnesite in the region, where Ca003 out of dolomite is already decome-
posed, and calcite still keeping original formps Ihe performances of the
kiln, as well as the existing refractory lining, did mot allow to raise
the working temperaturs up to 1100°C, Because of that, the temperature
of 1050°C has been chosen instead.

In ordexr to investigate the influence of the sizing of raw magnesite
on the properties of calcined material, all three ore classcs, obtain~
able from the existing mine crushing equipment, have been used, i.e.:
326 mm, 3=60 mn , and 25-60 zm .

The feeding of the kiln has been adjusted in accordance with the per-
formances of the rotary kiln, and with the calorific value of the fuel
0il, and varried between 10.7 and 16.8 tons a day.

For the calcining of magnesite the rotary kiln, existing in RIO TINTIOQ s
plant, at Eiffel Flats (very close to Kadoma magnesite mine (about 16
km), sas been used. Basic characteristics of this kiln have been shown
on the sketch (Annex No. 8 ). The refractory lining, having the thick-
ness of 130 mm , has been made with locally produced fire clay briclks
(abont 40 per cent ¢f alumina). At the entrance end the shell of the
kes got a prolongation of additional 3 meters. This part of the kilm

./.
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has not been lined with the bricks. In order to avoid the deformation of
the shell at this place, it had to intensively be ccoled by means c¢f an

aboundant water shower.

The rotary kiln, being without the cooler, could not recuperate the heat.
Due to that, the secondary air could not have been preheated, Lack of re-
cuperation, u.suitable regulation of fuel, big differencies in the daily
and night temperatures, made it extretely difficult to kesep the working
temperatures wiihin narrow limits, and to ensure an uniformly calcined
product.

Working temperatures of tke kiln have been measured by means of a thermo-
couple (Pt/Ptkh), built in into ths kiln, at a distance of 1.90 m from
discharging end. In‘addition, an optical pyrometer has been used as well.

Previously, the rotary kiln bhas run at a speed of one rotatiom per 12 mi-
nutes and 10 seconds (= 0,1 r/min). On the request of experts, the speed
has been increased to 5 min. and 11 sec. per ome rotation, in whiech way
much better condition for the ealcining process has been ensured,(0.2 r/m).

During the tests follewing data have been recorded, i.e.:

- Quantity and Sizing of the Kiln Feed,
Consumption of the fuel oil,

Consumption of the power,
Quantity of the produced calcined material, and

« Working temperature.
The summary of these data has been given in the Table No., 4 .

Very hot calcined material, coming out of the kilm, has been stock-piled
on the concrete floor, lined with the .steel plates, After having reached
the room temperature, ealcined magnesite has been packed in plastic bags,
each one wighing 50 kg.

For the control of properties of calcined magnesite, following determi-

nations have been carried out:

« Reactivity,

~ Grain Size, and

= Chemical Composition,
Obtained results are shown in the Table No 5 , No. 6 , and Noo 7 , re~
spectively,

o/ o




Table No.5

TECHNOLOGICAL BATAL FOR TRIAL CALCINING TEST

Data Feed Avarage Produc- Reactivity

Sample kg T/°%C tion,kg T/%C *
CM 3=-25/820 1,400 827 5413 118
CM 3-25/850 1,400 845 640 118
CM 3-25/870 700 860 316 122
CM 3=25/900 5,260 902 2,422 115
cM 3-25/1000 6,300 980 1,920 111
CM  3-25/1050 3,360 1046 1,242 ko
CM 3-60/900 4,080 893 1,700 122
CM 3-60/1000 6,440 1005 2,581 120
CM 13-60/1050 2,320 1038 1,078 52
CM 25-60/900 3,640 896 1,629 111
CM 25-60/1000 3,290 994 1,696 117
Total 38,190 15,767

*¥ = After 1 hour.
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Table o. 6
Grain Size Jistribution o lalcined atnesites

{ Per Cent )
Sanple + 2 ~25+15 =13+10 -10+5L—5+3 -3
Ci: 3-25/820 0.0 4.5 4.3 24,0 16.8 49,9
cHM  3-25/850 0.0 2.8 2.4 25,8 17.6 51,4
cM 3-25/870 0.0 2.3 4,0 25.2 18.8 48,3
cM  3-235/900 0.7 10.8 3.8 28.3 20.8 30,6
i 3-25/1000 0.0 2.9 2.5 21.3 15.4 56,9
oM 3-25/1050 0.0 2.4 5.0 25,9 13,6 47,9
c 3-60/900 10.7 13.8 9.9 20,8 13.7 31,1
CHM  3-60/1000 1.8 9.3 6.1 24,8 16,1 41,0
cM  3-60/1050 1.8 9.8 6,6 28.9 15¢3 375
CM 25-60/900 25.3 19.5 11.0 15¢5 10,1 18,6
cM 25-60/10C0 3.2 19.2 Gl 19.6 1c.4 4¢,0




Table Yo. 7 .
Chomical Composition of Calcined Ilasnesites

( Per Cent )
Sample LoI oiO2 .3.1203 F9203 ] Cal Iz0
¢ 3-25/820 1.88 1,00 0.02 0.20 35,91 90.93
cH  3-25/850 1.20 1.08 0,03 0,16 6,12 91,36
¢ 3-25/870 0.80 1.39 0,12 0.21 595 91.53
CM 3-25/900 0,74 1.18 0,15 0,17 6.53 91.23
cr 3-25/1000 0.60 1,43 0.09 0.17 6,24 91,47
cii  3-25/1050 0.1 1.40 0,11 0.13 6.09 91.85
CM 3=60/900 1.40 1.50 0.13 0.17 5,80 91,10
¢t 3-60/1000 0.80 1.30 0.14 0,17 6,60 90,99
CM 3-60/1050 0.61 1.43 0,10 0.16 628 91.42
Cli 25-60/900 3.48 1.01 0.12 0.15 6,32 83.92
Cl: 25-60/1000 0,80 1,10 0.10 0.15 6.50 91.35




Under the reactivity the temperature is understood, which will be reach-
ed by the calcined magnesite, after having been wetted by 5-6 wt. per
cent of water. The temperature has to be taken after 1 hour , and a=
fter 2 hours ef soaking, in the covered container.

Procedure: In a stainless steel container (D = 25-30 cm, and H = 4050
cm), positioned at an angle of about 25° in a rotating device (25-40
rounds per minute), put 10 kg of calcined magnesite (having about 25°C),
and add 5~6 wt. per cent ol water, under comtinuous rotating of the con=-
tainer. Keep the comtainer rotating for ome additional minute, take it
down from the device, and cover with a steel lid. After a soaking of 1
or 2 hours (depending on the reactivity of the material to be tested),
the temperature should be measured by a mercury thermometer, with a
measuring range of up to 200°C, which should be pushed about 10 cm deep
in tke calcined material.

Mineralogical composition of the magnesites, calcined at 900°C, and

1000°C, respectively, has been tested by X-Ray difractometer. The two |
mentioned temperatures are very characteristic due to following reasons:

at 900°C the decomposition of MgC0,, as well as of CaCO, (which has been

created from dolomite, has been finished; calcite should stay in urchang-

ed condition, because its decomposition temperature hus still not been

reached.

On the XRD-Pattern (Fig. No. 8 ) for the sample CM 3=-25/900 following
minerals have been registered: periclase (Mg0), lime (Ca0), and port-
landite / CA(OH)‘,/ « The presence of CaCl, originating from calcite has not
been registered, probably due tc its small content, and due to the fact
that its crystal structure has been destroyed. On the XRD-Pattern for the
semple CM 3.25/1000 (Pig. No. 9 ), following minerals have been regi-
stered: periclase, Lime, and portlandite. But, lime reflexion at d = 2.40
is more intense, confirming that the recrystalization of Ca0 has taken
place, with possible formation of celcium silicates. Above 1000°C calcin-
ed material is expected to show lower reactivity values.

During the trial test it was consumed:
- 2,318 kWh, and 14,758 litres of fuel oil,.

Fuel oil specifications are givem in the Annex No. 9 .
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B, Processing of Calcined iagnesite

- Mizing of calcined material with water,
- Soaking of the wetted material in the covered
containers,

The processing consists of:
= Screening-out cf the hydrated material

Characteristics of the used equipments:

~ Concrete mixer, having the capacity of 150 litres,
and rotating gpeed of 24 rotations per minute;

= Zinc plated containers, having 75-100 litres capacity, |
with detachable lids;

« Double~deck vybrating screen (L = 1.5 m; W = 0.9 m);
upper wire-sieve appertures: 3.4 x S.4 mm ;
Lower wiro-sieve appertures: l.2 x 1.2 mm
Inclination: about 18°% .

Procedure: add 50 kg of calcined magnesite (= 1 batch) in the running
concret mizer, and pour 2.5 litres of water {= 5 wt. per cont), using

& fine sprayer. After thorough mixing (one minute), tha batch should

be un~loaded in a steel container, and the temperature measured after

1 hour, with a mercury thermometer (range: 200°C). Soaking time showld
not be below 24 hours. During this time selasctive hyaration takes place.
The soaked material should be screened out on a double--deck screem, and
split in three classes:

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

« middle, =3.4+1.2 mm, designated as 13, and

» fine , »1.2 om, designated as - 1 .

The used double~deck vybrating screem, having a high inclination, and
being relatively sho-t, has achived following effects:
~ Upper sieve separated all particles above J mm ;
« Lower sieve separated separated the particles between 1 ahd 3 mm,
- Pines, coming through the Lower screen, contained the particles
 from O to 1 mm.

The obtained quantities of all three classes have been weighed out, in
order to determine the percentage of their recovery. The results are
given in the Iable No. 8 « The results of chemical analyses are given

in the Table No, 9 . /
L) [




Sanple weactivity Semi=-Product Recovery
/% mn kz -
+ 3 4.8 29,39
3P 3-255/820 118 13 120.8 Li,87
-1 £2,9 28,73
37 3=-25E/830 118 13 19.7 40,20
-1 15.1 26,73
+ 3 5.0 29,59
s 3-25%5/870 122 13 203.1 h1,34
-1 142,8 29,06
+ 3 189,0 31.39
SP 3=-25P/9C0 115 13 240,2 39.89
-1 172,9 28,72
+ 3 25205 27085
3P 3=-257/1000 111 13 346,7 33,24
- 1 307-5 33091
+ 3 204,1 27.24
SP 3-257/1050 Lo 13 299.9 40,09
-1 2us.4 32.7
+ 3 272.5 20,64
3P 3-60P/900 122 13 351.7 39.54
- 1 265.2 29082
+ 3 222,h 27.96
SP 3-50P/1000 120 13 311.2 39,12
-1 261.8 32,91
+ 3 33.3 34,26
SP 3-60P/1050 52 13 b1,2 L2,38
-1 22.7 23.35
+ 3 2L6,6 237.04
SF 25-E07/900 111 13 22C.h 33.11
-1 198.7 29.85
+ 3 123.2 24,41
SP 25-60P/1000 117 13 195,0 38,64
-1 1836.4 36,94




Chenmical Cenposition of semi-Irocuct Trial Test
(Per Cent)
Sample Seni=Product LOI SiO2 Cal
mm

+ 3 6.46  0.93  3.48

5P 3-2513/820 13 7.51 0.77  5.96
-1 8.75 1.30 10,20

+ 3 6,92 0.7 3491

SP 3-25z/850 13 6,79 0.83 5.28
+ 3 6.47 0088 3-68
3P 23=255/870 13 6,02 0,66 4,87
-1 G.90 1.12 10.04
+ 3 7.36 0,96  3.37
3P 3-25P/900 13 T U8 1 .12 5.63
- 1 8.43 1.76 9,98
+ 3 6.52 1.02 3.17
52 3-25P/1000 13 7.00 0,94 4,57
+ 3 5401 1.40 3.23
SP 3-25P/1050 13 4,16 1,37 4.34
-1 6.52 1.33 10.85
- 3 6088 1075 ’!4070
SP 3-60F/900 13 6.8 0,39 4,90
. + 3 7429 1,07 3,70

5P 3-60P/1000 13 7.37 1.12  h,61
- 1 7030 1.16 11080
+ 3 2,39  1.15 3,47
3P 3-60P/1050 13 3.23 1.54  5.58
-1 5.63 1.57 11.12
. + 3 5.13 1.71 5.42
5P 25-60P/900 13 767 1.09 4,79
-1 .45 1,07 2,21

+ 3 G.68 1.70 5,63

3P 25-607/1000 13 6.87 1,12  5.81
-1 Te71 1.07 11.14




C. Evaluation of results

Ag it can be seen from the Table lio. 9 , the average working temperatures

have come very close to those ones, planned by the Programme of Work.

Raw magnesite in the aizing 3-25 mm, after being calcined, regardless of
the working tempersture level, has shown high percentage of particles be-
low 3 mm (31 « 56 %)e This comes, at the first palce, from tbe high per-
centage of particles below 5 mm in tis starting material, which is addi-
tionally grinded when moving through the rotary kilm.

Having in mind, that the Ca.CO;5 in the properly calcined magnesite should
be completely decomposed, in order to enable ihe crsated Cal0 to actively
participate in the process of selective hydration. 4 vory good indicator
for the extent of calcination is the loss on ignition of the calcined ma~
teriale Samples 3=25 mm showed increased values of the ignition loss

at the temperatures ef 820°, and 850°C, respectively. The samples 360
mm, and, especially samples 2560 mm showed high ignition loss values
even at the temperature of 900°C , This due to the fact, that in the co-
res of the coarser particles the calcining process had not been carried
out completely. This is the reasem, why the loss on ignition should be

preferably below one per cent.

Results of the chemical analyses of e¢alcined magnesites are showm in the
Table No. 6 « They represent average values of the results obtained from
three chemical laboratories. A few individual results, showing great, amd
unacceptable deviation from the other results, have not been considered.

Avsrage content of lime for all 11 samples amounted to 6.2l per cent.
Deviation of individual lime content from the average value within ¥

per cent tolerance.

Macroscopic appearance of the samples: Ci 3-25/820, CM 3-25/850 , and
CM 25=60/90C, respectively, indicated that the calcining process had
not been completely finished. The samples: Ci 3.25/870, CM 3-25/900,
and CM 3~25/1000, respectively, bave shown the best macrescopic appear=
ance. Aud, at the end, the samples: CM 3-25/1060, and CM 3-60/1050,
respectively, have given the evidence, that the densification process
of the calcined material has already advenced to a noticeable extent.

o/




000
IRD~tests of the samples: CM 3w25/900 s and Ci 3-29 did not regi=-

ster the bresence of CaCOs, in addition to the presence of periclase,
lime, ané portlandite, respectively.

Prom the technological data it has been noticed that, depending on the

working temperatures, the values for the reactivity varried in great

intervals ; the temperatures abuve 1000°C eaused noticeable decrease
’ of reactivity of the calcined material.

Technological data obtained from processing of ~alcined magnesites
(Table No. 7 ), have given the following average recoveries of the
semiwproducts from the trial tests:

+ 3 - 30,26 %
13 - 39.50 %
- 1 - 30024 %

In respect of the lime reduction, best resulis have been achieved with
the following samples :

SP Sug5/900 .25 —— 3.64  41.8 %
SP $-25/1000 6.25 ——>> 3.39 45,8 %
SP 3-25/1050 6,55 ——2> 3,33 46,7 %

Sample Real Cal0~Contents Lime=-reduction ‘

11 samples of celcinod magnesites.

Bemark. 6.25 = Average real conteut of all
Despite of the fact, that the highest lime reductinn has beer achieveid

with the magnesite, calcined at 1060°C ;, this material is not very

appropriate for further processing, on the way to <he prodaction of 1
dead-burned magnesite. At 1050°C ealcined material has been notie 1
seably densified, wkat could eause serious problems in reachking the

adesquate density of dead-burned magnesite. Ir addition, the higher 1
calcining temperature, the nigher are production costs, as well. And, !

this must be avoided as much as possible,

o o
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D, Conclusions

After consideration of the obtained results fellowing operational condi-
tions for the main test have been chosen:

1) Sizing of the raw magnesite, and quantities to be used:
~ RM 5=-25 mm - about 140 ¢
~ BM 6~32 mn - about 40 ¢,

2) Working temperatures:
« for BM 525 - 950° & 10%
- for BRM 6-32 970°% ¥ 10°

3) Peed of the kila:
« 85 kg every 10 minutes, or
- 510 kg/hour, or
- 12.24 t/day.

In addition, it was recommanded to increase the feed of the kiln in the
last few days to:

- 800 kg/hour, or

- 1l4.4 t/day.

In order to emsure proper control of the working temperatures in the main

) tpst, it was recommanded that e new thermoconple with measuring instrument

be provided on tims, and adequately calibrated, belfore being used. Additi-
onally, an optical pyrometer should be used, as well. The temperatures
have to be measured every 15 minutes, and recorded.

5) As a quick method for the quelity control of calcined magnesite it was
suggested to check the litre~mass every full hour = at the kiln site.

6) Watsr quantity, to be added for wetting of calcined magnesite, ohould be
5=6 wt., %, and the duration of mixing (in the concreve mixer) = one minute,

7) Soaking time for hydrated material should be at least 24 hours,

8) Screening: In order to increase the recovery c¢f semi-product %AW, SP.4,
it would have been better to build~in in upper position a standard wire sieve
with appertures: 3.15x3.15 mm, or even 2.8x2,8 mm, Due to the fact, that the
mentioned sisves were not available on the market at that time, it was de~ _
cided to use the sieve from the trial test, ie.ee: 3.4x3.4 mm,_

The improvement of the quality of semi~product ¥B®, SP-B,could have besn re-
ached by the use of standard sieve: l.4xl.4 mm in the lower position. Being
also not available, the sieve with appertur9s: 1.6xl.6 mm had to be used.

9) It was recomwandsd to discard all quantities of calcined magnesite, not
having the proper quality.

- e ™ o= ™ '/’
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V. PRODUCTICN OF UP-GRADED SEMI-PRODUCIS
A, (-] ati 8 or Main Test

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

raw magnesite samples BM 5-25 mm (140 t), and EM 6~32 mm (40 t), re-

spectively. Colleeting cf these samples has been described in the Annex
No. 10 , %The sample BRM 5~25 has been produced out of the RM 325, by
screening it out on the scroen 5x5 mm - at the kiln site.

For further realization of this project, the ore reserves are of outstand=-
ing importamce, especially of the ore having not more than 4 per cent of
lime, and not more than 1 per cent of silica. That was, also, main reason
to recommand in al)l their previous reports: ™the reserves of raw magne-
site with Kadoma mine to be checked and confirmed by GEOLOGICAL SURVEY R
Harare.® This recommendation has also been made after their arrival, on
the basis of which one very experiemced geologist of GEQSURVEY has paid

a visit to the mine, doing general prospection, His finding is attached
to this report as the Amnex No. 11 . ’

For both samples, RM 5«25, and BM 6~32, grain size distribution, and
ehemisszl composition have been determined, and the results givem in the
Table No, 10, and the Iable No.1ll , respectively-

Table No, 1C,

Grain Size Dictribution of Raw Magnesites
Used in the Main Test (Per cent)

- 3 3 3 Py

Sample + 25 =25+15 -15+10 «10+5 -5+3 -3

RM 5=2€ 0.1 45.2 17.8 3l.4 4.6 0,9
RM 632 26.9 42.2 11.6 17.6 0.7 1.0

Table No 1l ,
Chemical Composiiion of Raw Magnesites
Used in the Main Test (Per cent)

Sampse LoI 9102 uzoa F0203 Cal UgO
RM 525 49,90 0.76 0.06 O0.14 3,01 46.12
R 8=32 49.44 0,57 0.04 0,14 3.04 46,77

o /e




B, Calcining « Main Test

Calcaning of the magnesite has been carried out umder the operational

conditions, given in the eonclusions from the trial test (page 42 ).
All efforts have been done in order to keep prescribed conditioms in
the narrowest possible limits. The temperature has been measured by
optical pyrometer. As the first quality control the determination of
litre-masses svery full hour has been used. It has been recommanded
to keep the litre-mass values in the range between 1.0 and 1.2 kg per
litre.

During the main calcining test following data have been recorded:

= Feed of the rotary kila,

=~ Working temperature,

« Fuel ¢il consumption,

= Productiox of valcined material, and

« Power consumption.

Summary of technological data has been given in the Iable No, 12 , and
the specific consumption figures in the Table No. 13 , respectively.

Results of the grain size distribution, as well as of chemical compo-
sitions, based on the daily production (= one composite sample), are
giver in the Table No. 14 , and Nos 15 ; respectively.

Comnsidering the whole situation after the main test, it can be said,
that tha working temperatures were slightly higher, tkhan originally
planned. Our estimate, based both, on the temperatures as found by
OP?IX~readings, as well as on the behaviour of the material, ealcin-
ed in the main test, when processed by selactive hydration, indicates
that the working temperatures varried betwsen 960°-1020°C, but pre~
vailingly between 980°-1010°C,
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Table No. 12
TECHNULOGICAL DATA FUR MAIN CALCINING TEST

Designation|| CM - 21 M- 23 M -24 JICM- 25 CM - 26 || CM - 27 ' CM - 2B || CM - 29 M - 30 M -1 Ch - 2 LM - 3 M - 4
21.6.87 23.6.87 24.6.87 25.6.87 26.6.87‘“ 27.6.87 28.6.87 || 29.6.87 30.6.87 01.7.87 || B2/7/87 03.7.87 | 04.7.87
4,080 4,080 ’l 4,080 4,080 4,080 4,000 4,080 4,080 4,080 U 4,800 4,800 4,800
:{ Prod.,kg 1,773 1,802 1,931 1,866 1,812 1,823 1,892 1,889 1,885 1,942 2,247 1,932 2,269
F =
:: Fuel, 11t.)l 1,339 1,240 1,210 1,192 1,209 1,219 1,195 1,279 1, 306 1,279 1,300 1,319 1,316
} Litre-Mass - - - 1.17 1.10 1.1 1.1 1.12 1.21 1.13 1.17 1.19 1.02
r Feed, kg 4,u80 4,080 4,000 4,080 4,080 4,080 4,080 4,080 4,080 4,800 4,800 4,800 4,800
::: Frod. kg 1,907 1,890 1,952 1,916 1,877 1,947 1,873 1,908 1,906 2,268 2,2n3 2,290 2,246
: Fuel, lit. || 1,333 1,268 1,233 1,193 1,182 1,212 1,188 1,303 1,208 1,3M 1,330 1,340 1,249
-
L1tre-Mass - - 1.13 1.10 1.1 1.17 114 1.4 1.19 1.12 1,09 1.10 1.05
Feed, kg 4,080 'N 4,080 I 4,080 4,080 4,081 4,080 4,080 4,080 4,000 4,600 4,80 4,800 4,600
b
'ﬁ* Prod. ,kg 1,817 1,942 1,917 1,696 1,910 1,890 1,885 1,900 1,928 2,260 2,743 2,216 2,158
2 Fuel, 11t f| 1,377 1,212 1,242 1,206 1,246 1,204 1,173 1,242 1,296 1,318 1,293 1,354 1,310
-
| \tre-Mass - 1.20 1.4 _ﬂ 1.01 1.18 1. 1.1 1,12 1.07 1,12
—
Feed, kg 12,240 12,240 12,240 12,240 12,240 12,240 W, 040 14, 400N 14, 44 14,400
> Prod.,kg 5,497 ! 5,699 5,660 5,650 5,697 5,719 6,490 6,773 6, bl 6,673
-
'; Fuel, 11t. || 4,049 3,720 3,685 3,568 3,637 3,635 3,556 3,824 3,840 3,098 3,93 4,013 3,911
° titre-Masg| 1.28 1.24 1.1 1.13 1.15 1.4 1.09 1.15 1.8 1,12 1.13 1.12 1.06
Feed, kg |[[12,240 24,480 36,720 48,960 61,200 73,440 85,680 97.920 110, 160 124,200 138, €00 153,000 167,400
§ Prod.,kg || 5,497 1,13 16,931 22,609 28,308 33,968 39,618 45,315 51,034 57,524 Gh, 297 70,741 77,417
é Fuel, 1it.j| 4,049 7,765 11,454 15,042 18,679 22,314 25,870 29,694 33,584 37,L82 41,413 LS 426 49,337
=
o Litre-Masq 128 LL 126 1.21 1.19 1.18 I] 1.18 1.16 1.16 1.4 1.16 1.16 1.16 | 1,15
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Table No.ld .

SPECITIC CONSUMPTION FIGURES
FOR THE MAIN CALCINING TEST

(For One Ton of Calcined Magnesite)

Input Data:
a) Total Quantity of Raw Magnesite Consumed - 167.4 ¢

b) Total Quantity of Calcined Magnesite Produced -~ 77.4 t

8147.0 XWh

¢) Total Quantity of the Power Consumed

d) Total Quantity of Fuel 0il Consumed 49337.0 1t,

e) Quantity of Calcined Magnesite Produced
(when Feed = 4,8 t/shift) - 26,4 t

f) Quantity of Fuel 0il Consumed
(wvhen Feed = 4.8 t/Shift)

15753.0 1t,

g) Quantity of Calcined Magnesite Produced
(wvhen Feed = 4,1 t/Shift) - 51,0 t

h) Quantity of Fuel 0Oil Consumed

(when Feed = 4.1 t/shift) 33584.0 1t.

t

SPECIFIC CONSUMPTION FIGURES:

A) Raw Magnesite : 167,40 : 77.4 = 2.16 t

B) Power: 8147 : 77.4 = 105.2 kWh
C) Fuel 0il (Average) 49337 : T7.4 = 637.0 1t.
D) Fuel 0il (4.8 t Feed) 15753 : 26,4 = 597.0 1t.
E) Fuel 0il (4.1 t Feed) 33584 : 31,0 = 658,0 1t.

Remark: 1lt, = litre
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Table N0 14 .

Grain Size Distribution of the Calcined Magnesites

from the Main Test = (Per Cent)
Sample =25+#15 =15+410 =1045 =543 =341.2 = 1.2
cM 6-32/21 11,2 8.6 26,6 13.2 21,2 19.2
CM 5-25/23 10.5 10.3 29.5 15.8 18.5 15.4
cM 5-25/2h Te7 9.3  37.0 17.8 14,6 13.6
cM 5-25/25 4,6 6.1 30,2 18.3 21,4 19.4
cM 6-32/26 11.4 8.8 23.0 11,9 21.1 23,8
CM 6-32/2 9.7 5.6 24 4 16,6 23,8 19.9
cM 5~-25/29 10.6 11.0 33.1 16,2 16,0 13.1
cH 5-25/30 7e5 6.2 28.7 23.2 18.2 16.2
CM 5-25/1 7.8 7.4 28,6 17.1 20,4 18.7
cM 5-25/2 12,5 Te8 32.5 15.4 1841 13.6
CM 5-25/3 8.9 9.7 32.1 16.9 18.8 13.6
Cli 5-25/4 7.0 7.9 29,6 17.9 21,4 16,2

o/-
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Table

Wo, 15 .

Chemical Composition of the Calcined Materials

from the Main Test - (Per Cent)
Sample LOoI SiO2 .13..‘.203 Fezo3 Ca0 MgO
cr 6-32/21 0.64 1.49 6.18 91.38
M 5=25/23 0.84 1.22 5.77 91.86
CM 5=25/24 0.88 1.17 6,45 91,19
cM 5-25/25 0,64 1.37 6,03 91,65
CM 6=-32/26 0.kl 1.25 5.81 92,19
cM 6-32/27 0.95 1,15 0.11 0,17 6.17 91 .45
CM 5-25/29 0.42 1.10 0.10 0,23 6.32 91.83
CM 5-25/30 0.43 1.18 6,02 92.06
CH 5-25/1 0.51 1.48 7.10 90,60
CM 5=-25/2 0.53 1.23 6.52 91.41
CM 5=25/3 0.56 1.14 6,06 91,93
M 5-25/4 0,77 1.28 6.31 91.33
Average 0.63 1.26 0.1 1 0,20 6.23  91.57
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Ce Processing = idain Test

Calcined magnesite, split in quantities of daily Productions, has been
used for processing. S0, the material processed from the calcined
sample: CM 6-32%21 4as got the designation: SP=21 , from the sample
CM 5~25/23 +the designation: SP=23, amd s0 en.

The sample CM 6-32/27 represented the quantity produced in two days.
Because of that, after the processing, this sample bhad been split ir
two parts, with the designation: SP-27 , apnd SP=-28 , respectively.

Cperational conditions for processing have been as follows:

~ Unit batch: 50 kg ef calcined magnesite,

= Water quantity for wetting:
a) for samples SP-2l through SP=29 - 5 wt. per cent
b) for samples SP=-30 through SP-4 =« 6 wt. per cent

Duration ef mixing (in concrete mizxer): ome minute
~ Rotating speed of mixer: 24 rotations/minute,
« Soaking time: at least 24 hours,

« Screening on a double~deck vybrating screen with:
a) upper sieve: 3.4x3.4 mm,
b) lower sieve: 1.,6x1.6 mm.

Because of the new set of sieves, the samples have been given new de-
signations, as well, like:

« SPe2l/A represemting fraction: +3m
- SP=21/B " * :+1.6=3mm
- SP-m/c " " 3 - 1,6 mm.

Semiwproducts, after being screemed and weighed out, have been packed
in plastic dags (50 kg nst), and separately piled on wooden pallets.
Quantities and recoveries of semi~products are given in the Table No, 16,

The specimens for chemical analyses have been prepared by collecting
small quantities ef the material from every second bag, after thorough
mixing and quartering., The results from chamical analyses are givem in
the Table No. 17 4 No. 18 , and No. 19 ,

0/'.




Tatvle .o, 16
AT PROCISIING LDATA
Quantities, leactivities, and RKecoveries

of Semi-products

. N . Seni-prod..i Semi-prod.Dd Product <O Total
5P Jdeactiv, e - e o o = —
L3 .- X3 ,- ey v L3

(W)
@
L ]
\
=
~
(93}
@)
-1

21 45/100 1,313 30.5 1,334 31.0 1,000

23 75/105 1,725 30.7 1,575 28.1 2,316 41,3 5,516
24 105/110 1,048 28,8 978 27,0 1,609 4,2 3,635
25 108/120 2,100 33.1 1,775 28,0 2,462 32,9 6,337

26 56/78 1,311 30.5 1,152 26,8 1,235 Lz.7 1,208
27 c1/112 1,257 30.0 1,157 27.6 1,780 L2.4 s, 10k
28 ok /112 1,345 28,5 1,224 27.5 Z,0C5 3.9 L,70L

29 84/111 1,862 34.3 1,559 28.8 2,00 36.9 35,k21

30 73/116 2,367 36.7 1,855 26.56 2,563 36.7 6,990

1 7h/102 1,936 35.3 1,542 27,4 2,102 37.3 5,630

2 22/1083 2,071 33.5 1,707 27.% 2,4c6 22,9 5,184
3 96/121 2,019 32.3 1,762 28,2 2,k 39,5 5,245

4 117/126 1,817 33.8 1,400 26,1 2,130 LO.1 5,361
Total 22,421 19,090 27,417 68,923
r;;g‘ 2L/109 32.5 2747 30.8




Table No, 17

Chenical Composition of Semi-Products
Contents of Lime (Per cent)

Sample SP=A SP-B SP=C
SP=21 3e59 4.37 8.70
SPw22 4.06 4.66 10,76
SP-24 Jeo8 4.26 9.52
SPe 25 3472 3.63. 8.89
SP=-26 .66 S5.61 8.27
SP-27 3463 3.66 ‘ 7.86
SP-28 3.55 3445 6.34
SP-29 3.83 4.73 9.16
SP-30 3.75 4.47 11.95‘
SP=] 4,00 4.67 10,25
SPe2 Se73 4.40 8.87
SP=3 3047 6.06 9.24
SP=4 3.37 6.36 9.26

".rage 3.67 4.64 9.16
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Table Nos 18 .

Chemisal Composition of Semi-Products =~ Main Test

(Per cent)

Semple pOI 5i0 > Al 203 Fe203 Ca0 Mg0
SPed 5.94 l.21 0.11 0.20 3«67 88.87
SP=-B 5.66 0.97 0.11 0.20 4.64 88.42
SP=C 7.66 1.01 0.11 0.20 9.16 81.86

Table No., 19 .

Real Chemical Composition of Semi=Products « Main Test

(Per cent)

Sample iox 510, a0, Fo0, Cad Mg0
SPwh o] 1.29 0.2 C.21 3289 94.48
SP-B 0 1.03 O.l12 0.2 4,92 93.72
SP-C 0 1.09 0.12 C.22 9.92 88.65




Table No. 20 %

Material Balance Sheet for Lime
in Semi-Products

Input Datgs

p Sample SP=i SP-B SP=C
er cent
Recoveries 32.95 1.7 39.8
Lime Contents 3.67 4,64 9.16

QUANTITY OF LIME IN SEMI~PRODUCIS:

SPaAs 3,67 x 0,326 = 1.19 kg
SPwB: 4,64 x 0,277 = l.29 k8
SP-C: 9,16 x 0,398 = 3.65 kg

Total Quantity of Lime 6.13 kg
AR IR EBERE S AR IEES ARSI TSRS EETTESS

Total Quantity of Lime
in 100 kg of Calcined
Magnesite = 6.23 kg

P T PP T PP P Y PP T L T

As it can be seen, Material Balance sheet for Lime in semi~products
is in a good accordance with the Balance Sheet for Lime in the start-
ing material, i.e, calcined megnesite.

Grain Size Distribution of Semi=Predusts is shown in the Table No. 21

Table Noe 21 .
Gzrain Size Distribution of Semi-Products
Samnla *15 .15+1° -10*5 -5*3 -3+2.4 -2.4*107 -107+lo4 -1.4*1‘2 -1.2*005 9005

SP=A 1,0 4,8 31.3 39.9 5.4 7.4 5.0 5.7 - -
SP-B - - - 12,6 18.6 35.4 22.1 T 8.7 -

SP—C - - - - - - ool 1405 09 55.7




Lineralogical Investigations:

Mineralogical Compositions of semi-products ™A%, ard "B®, have been de-
termined by means of A~-Ray-Difractometer, and the results shown in the
Pig, No. 10 , and No. 11 , respectively. Ike presence of following mi-
nerals has been registered: a) periclase, b) portlandite, and ¢) brucite.
The peak at d = 2,33/ 2,34 stayed undefined.

Differontial Thermel Analyses:

For the semi~products ™A™, and ®"B®, the DIA-analyses have been done, and
the corresponding diagram reproduced on the Fig. No. 12 . Iwo distinet
»eaks have been recorded: a) forst one, at 370°C, corresponding to the
decomposition of Ig(OH)z, and b) the second one, &t 450°C, correspond-
ing to the decomposition of Ca(OH)a; intensity of Ca(OH)a-peak is some~
what higher with the sample SP~B, having also a higher content of lime,

wp®

During sampling and packing of semi-products "AM, and ®B®, it was found
out, that the additional desintegration takes place. Carefull observa-
tions have confirmeq, that in some brittle aggregates the binding mate-
rial did not completely react , and held togethe. smaller magnesite frag-
wents. By additional mechanical treatment, the binding material desintew
grated, releasing ihe pure magnesite fragpents. In this way an additional
quantity of lime could have been transferred in the fine fraction, increas=-
ing thus the purity of semiwproducts "A®, and "B®, Irn order to sccelarate
the desintegration of the mentioned aggregates, the obtained semi~products
bave been ™tumbled” for one minute in the conecrete mixer, and scrrenea -out
on the same screen set., Fot this tets the samples of 100 kg each have been
taken from SP-25/4, and SP-25/B, and after the test given the designatiom:
SPw25/AT, and SP=25/BT, respectively.

The second test, on a bigger scale, has been carried out-with a sample SP=A,
2.2 t in weight, as well as with tke sample SP=B, 1.2 t in weight, The sum~
mary of the results from all three mentioned tests have been given in the
Table No, 22 for grain size distributions, arnd in the Table No. 23 for
chemical compositions, respectively.

From the last two tables it can be seen, that by additional processing
(tumbling and screening) of the semi-products "AR, and *"B®, the possibility
is attained to further weduce the lime content and obtain purer semi-products,

o/ .
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Figure o, 10 ., X-Ray-Pattern: Sampie SP=A
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DTA-Diagrams for Semi~-products "A", and "B"

1) 2-1g(0H)2 — MNg0 + H,0

2) Ca(OH)2 ——= Ca0 + H,0




SP=AZ, and SP=-BI, HKaturally, on the account of recoveries. It is obvi-
ous, that in this way, the process of up-grading of raw magnesite by se=
lective hydration becomes more flexible., However, this should be confirm~

od by a test with larger quantities.

Table No. 22 «

Grain Size Distribution of Semi-products after
Additional Processing

Sample + 15 =15¢10 =10+5 =543 =3+2.4 =2.4+1.7 =1.7+1.4 =le4+l.2 ~1e2+40¢5 =045

SP=AT 2.4 4,9 3143 55.6 5.8
SP-BI - - od 6.3 25.0 4007 22.1 4.1 1.8 hd
SP=CT = - - - - - Se7 2847 41 .4 38¢2

Table Noa 23 &

Chemical Composition of Semieproducts after
Additional Processing

(Per cent)

Sample LoI 8i0 > Al 203 Fe 20‘.5 Cal Mg0
SPwAT Se 64 1.24 0,11 0,20 3.34 89,47
Real
Content = le3l 0.12 .21 J3.54 94,78
Beal . -
Content - 0.87 O.12 0.21 3.66 95,14
SP=CE 8.67 1.33 0.11 0,20 8,02 81,67
Real
Content - 1446 Ocl2 0,22 8.78 89.45
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Recoveries of semi-products from the main test have been given in the

Table No. 24 , and the recoveries of semi-products, obtained after the
additional processing, in the Iable Na. 26 . In both cases the percen-
tage of recoveries have been calculated from the quantity of the calein-

ed magnesite, used for the beneficiation process by selective hydration,

Table No. 24 .

Recoveries of Semi-products from the idain Test

(Per cent)
Semi~product Recovery
SPeA 32.5
SP=B 27.7
SP-C 59.8

Table No. 25 o

Recoveries of Semi-products from Additional Processing

(Per cent)
Semi-product Recovery
SP=AT 2.2
SP=BT 29,5
SP-CT 50.3

By additional processing (tumbling + screening) of semi-products SP-A,
and SP~B, the semieproducts SP~AT, and SP~BT with better and almost the
same chemical compositions have been obtained. With only one additional

treatment a considerable improvemsnt of the quality of semi-product "B¥

e/




kas been achieved, so that both SP-AT, and SP-BT become practically ona
and the same semi-~product, with the recovery of up to 50 per cemt, Ihis
recovery is a very good one, especially for this breccia raw magnesite

with high lime content.

E, Evaluation of the results from the iain Test

For the main test raw magnesite has been screened out on a sieve with
appertures: 5x5 mm, in order to avoid unnecessary burden for the calcin-
ing process , by utilizing of the fine fractions, the quality of whieh

cannot be improved by this method. fhe screened material has been given
the designatim: BM 5-25 (mm), The content of the particles below 5 mm,
remaining after the screening , has been brought up to about 5 per cent.
This represented noticeable improvement against the sizing in the trial
test., In oder to check the influence of the ccarser sizing of raw magne-
site on the grain size distribution of calcined material, raw magnesite
having the sizing 6=-32 mm, BM 6~32 , has been used as well.

Macroscopic appearance of the calcined magnesite, CM 6-32/21, producel
from BM 632, confirmed that it had reached slightly higher degree of
densification, indicating thus somewhat higher working temperature, &=
well., Daily production of calcined magnesite, CM 5-25/23, was contemi-
nated by the pieces of the refractory lining?’s coating, caused by the
shute~down of the rotary kiln in the meantime (due to repair of the
main exhaust fan), All other daily lots have had uniform macroscopic
appearance, with particles white in colour, and well developed inter-
nal cracks, On the basis of this, the impression of the material being
& litle bit "harder® calcined has been got. The last day production ,
CM 5-25/4, seemed to be “softer® (i.s., calcined at slightly lower tem~

Peratures).

Calcined material from the main test has had better grain size distri-
bution, than the ones from the trial iests. Also, the material obtain-
ed by ocalcining of the Rl 5«25, has shown better grain size distribution
(lower content of particles below 3 mm, and below 1.2 mm, respectively),
than the material out of RM 6~32.

Litre-Mass~values for daily productions of calcined materials varried
between 1,06 and 1.28 kg/litre, With the Cid 6-32/21 , and Cd 5-25/23
these values were higher than wanted to (1.0 to 1.2 kg/1litre). All other




daily productions have had the litre-mass in the same range, but prevail-
ingly above 1,10 kg/litre,

In respect of chemical composition it should be stated, that all daily
lots have had the loss~onwignition-values below 1 per cent, average be-
ing 0,63 per cent. The average lime content of the calcined magnesites

has been 6.23 per cent.

The reactivity values of the material have been as follows:

= after 1 hour : 45 - 117°% ; average 84°C
- after 2 hours : 78 - 126°C ; average 109°%¢C .

Some relatiorn between the reactivity, and the calcining grade has been
found for the temperatures, taken after 1 hour; the temperatures taken
after 2 hours were, more or less, at the same level, The only exceptions
were the reactivities for the material calcined above 1000°C,

Considering the results from the trial tests, it would have been nece-
ssary to change the set of wire sieves, Unfortunately, it was not pos-
sible to follow this finding, dues to the fact that the aveilability of
the sieves was pretty limited. So, instead of having the upper sieve
with standard appertures: 3.15x3,.,15 mm, the sieve from the trial test
had to be used (appertures: 3.4x3.4 mm), And, the lower sieve, instead
of having appertures: l.4xl.4 mm, had to be replaced by a sieve, having
appertures: l.6xl1.,6 mm. DBecause of that, the recovery of semi~-product
SP=B was smaller, but, on the other side, its quality improved.

With the mentioned set of sieves, following average recoveries of semiw

products has been achieved:

w for SPwA 32,5 wt. por cent
~ for SP=B 27.7 wt. per cent, and
~ for SP=C 39.8 wt, per cent.

The obtained values differed pretty much from those, obtained in the
trial tests, especially for SP=B, and SP=C, respectively.

Wetting of the calcined material for the first 8 daily lots has been done
by 6 wt. per cent of water, However, due to the fact that the calcining
has been carried out at a somewhat higher working iemperature, it was in-
creased up to 6 wt, per cent, in order to reach slightly higher reactivity,
being that the soaking time had to be limited at max. 24 hours (tight
programme of work). The material, properly calcined, would have not needed
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more than 5 wt. per cent of water.

Tre average lime contents of the produced semi-products, have been as

follows:
« for SP - A 3,67 per cent
- for SP - B 4,64 pexr cent, and
- for SP - C 2.16 per cent.

Because of being slighitly "harder®™ calcined SP-A has showmn a little bit
bhigher lime content, than in ths trial test, Lime content in SP-B has
beea somewhat lower, due to bigger appertures (1.6x1.6 mm) of the lower

sieve,

By additional processing of the semi-products SP-A, and SP-B, (tutling
+ screening) new semi-products have been obtained, having the lime con-
tent as follows:

e~ SP=Al Jed4 rer cent, and
- SP-BT 3.46 per cent.
The fact of outstanding importance, found out during semi~-industrial ine

vestigaxionsfsthax even the semi~product *C®™ represents a valuable, sal-
able product. In this way both, the technological and economical viabi-

lity of the developed beneficiating process hes been considerably improved.

The properties of semi-product "C"™, which have been giver in the Iable
No, 26 , can be used for investigating the possibility of its placement
on both, domestic and foreign (SADCC-, snd PTA~) markets.

Table No, 26 .
Properties of Semi-product SP-C
a). Macroscopic appearance: white, loose, and sodt powdered material;
b). Chemical composition:(in per cent):

Typical
Lol 6-9 : 75
3102 006 - 2 105
Alaoa o.l - 0.3 0015
0 .2 = 0, 0.
P92 3 0.2 = 0.4 3
Cal 7 -11 9.0
MgO 77 - 86 81.5

c) Sizing: O = 1.4 mm; typical: + l,4 mm O = 5 %; ~le4+l.2 mm 10.15 %;

"102"’005 mm 30"40; -0.50'0.1 30 - 40; “'0.1 10“15 %0

d), Litre-Mass: 1.15 = 1,25 kg/litre.
~ _ o/ %
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o). Minerslogical Composition:
Main mineral: Periclase - g0
Accompanying minerals: Portlandite - Ca(OH)z, and Brucits - lg(OH)

ViI. OTHER RAW MATERIALS

A, Collecting of the Representative Samples

In the 1I, phase oi semi~industrial irvestigations, to be carried out in
Eurcpe, following should be done: (details are giver in the Annex No, 12)¢

= To produce two qualities of dead-burned magnesite, i.e.: DB=d
(better quality), and DB-B;

~ To produce out of DB=A dead~burned magnesite following test bricks:
a) Magnesite Bricks,
b) Magnesia~Carbon Bricks, and
c) Magnesite~Chrome Bricks
using local ﬂaké graphite, aud chrome~ore concentrates.

Por the realization of the planned II., phase of semi-industrial invest i-
gations following representative samples have been collected:

Flake Graphite:
Representativa sample of flake graphite ™A~15", packied in plastic bags,

5C kg each, has basen taken from the regular production of the LYNX-mine,
according to the Annex No, 13 .

Chrome ore concentrates:

Two representativa samples, 2.0 t each, of following concentrates from
Mtoroshanga chrome ore mine, have been taken at random from the existing
stock~piles, i.e.:
= 8) D-20, with grain sizes between 0.5 and 3.0 mm, having about
65 per cent of C1'203 s @nd max. 1,5 per cent of silica, and
-~ b) D-26, with grain sizes betwee 0 and 1.0 mm, having the

same characteristics, as the sample D~20,

These samples have been separately packed in the plastic bags, 50 kg
each, and transferred to the Department of Metallurgy, Harare.

During the visit, paid to the FRANCES~mine of lumpy chrome ore, it has

o/‘o




been found out, that it nas been closed, the most important sold, and
the mine itself overflooded. Because of trat; no representative samples
of lumpy chrome sre could have been taken, It wiil be replaced by chiome=-

ore concentrate, D-20,

All collected reprecsentative samples have been stocked, and will bde kept
by the Department of lietallurgy, Harare.

VII. MARKET SIUDY

Due to the fact that the Zimbabwean Government intends to include the
high alumina refractories in the production programme of the future
plant, and due to the fact that the semi-product ®C® represents a va~-
luable, salable product, it would be one of the first priorities to
soonest possibly star to collect the informations on the present (1990),
and futurs (2000)-demands of:

« All kinds of basic refractories (magneaite-, magnesite~chrome-w,
chrome~-magnesite, magnesia~carbon-bricks, mortars, specialty
mixes, masses, etc.)i

e~ All kinds of high alumina refractories, and

« Caustic calcined magnesite (semi-product "CW),

The best way to go in this connection would be: to contact all bigger
users of the mentioned materials (consuming ome h'mdred and more tons),
to interview their refractory specialists, and to collect all relevant
data according to the Amnex No. 19, attached to the Report (2).

It might be useful to start already now the negotiations with friendly

countries, which are bigger consumers of refractories, and of caustic

calcined magnesite (as, for instance: Zambia), asking them to consider

the possibility of their financial participation ir the establishment

of the refractorises plant in Zimbabwe.

Basic refractory bricks, which will be needed by potential Zimbabwean

and foreign consumers ~ according to the available informations, could

be as follows:

« for steel industry: magnesite-, magnesite~chrome-, and magnesia-carbon
bricks;

= for cement industry: magnesite~chrome bricks,

- for ferro—=alloys: magnesite-, and magnesite-chrome bricks,
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= for non ferrous metallurgy: magnesite-chrome bricks,
- for ceramic industry: magnesite-, and magnesite-chrome bricks, and
~ corresponding quantities of accompanying mortars, specialty masses,

mixes, and repairing materials for the existing kilns, furnaces, etc.

In any case, an exact answer on this very important question, what should
be the capacity, and the production programme of the future plamt, can
only be obtained from the accurate murket analysis, which should be at-
tached to the feas.uility study.

- g W g4 w g W g -

As to the caustic calcined magnesite, semi=-product "C", major industri-
al applications include the following {5):

= Pertilizer industry - as important additive;

= Pulp and papsr industry - for the preparation of tke sulfite lye used
in the ®magnefite™ papermaking process;

~ Bubber industry ~ magnesia is particularly effective in controlling
vulcanisation and currig in neprene rubbers and other elastomers;

~ Plasties, paints,; adresives = as flame retardant filler;

- Abbrasives = as a binder in grinding wheels;

-~ Lubricating oils ~ as an additive to reduce the emmission of sulphur
and other poulutants;

= Flue gas desulphurizaticnp - again to remove sulpkbur;

~ Flux in steel making - normally used when magnesia is more readily
available than dolime or olivine;

= Chemicals = when magnesia is a starting material for the production
of other magnesium salts, such as sulphate, nitrate, etc.;

~ Pharmaceuticals - special grades of oxide, hydroxide, and carbonate
are used in antacids, cosmethics, toothpaste, ointments, milk of
magnesia, etc.;

= Steel coatings = to coat grain orientated silicon steel used in
electrical transformer cores;

~ Fused magnesia = caustic magnesia as a raw material for fused

magnesia.
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VIII, SULMARY OF FINDIWGS AVD RECOuMANDATIONS

A, Findings

l. Pr%perties of raw magnesite from Kadoma mine, which is exploited at
Present, and which has been used for semi-industrial investigationms,
are almost identical with the properties of the ore, whick has been
used for laboratory scale tests (1984/1985), The only one difference
is the presence of small quantities of calcite, not registered earlier.
Average content of lime in the ore was 3.03 wt. per cent, as used in

these investigations.

2. Calcined magnesites, as produced in the trial tests, have had some-
what finer sizing, good chemical composition (average lime content =
6.21 wt. per cent), and good mineralogical composition, Being without
residual carbonates, and having good reactivity, they enabled <the
production of up-graded semi-products %AW, and "B®, of good guality.
Calcined mugnesites from the main test have haa better grain size
distribution, good chemical composition (average lime content = 6.23
wt, per cent), and good mineralogical compositions., Due to unsaffi-
cient sensitivity of optical pyromster, they have been slightly high-
er, "harder", calcinsd, at the working temperatures of 960-1020°C ,
prevailingly between 980~1010"3.

3« Both, the tricl tests, as well as the main test have sncwn that work-
ing temperature during calcining is the most influencing factcr for
the properties eof calcined magnesite, if it should be up-graded by
selective hydration method. On the basis of the results of these semi~
industrial investigations, the optimal working temperature for calcine
ing of Kadoms raw ragnesite in the rotary kiln should be: 950 ¥ 209,

4., An useful quick practicai method for the first control of the guality
of calcined magnesite =~ measuring the litre-mass at the kiln site =
has been developed. It has been found out, that the lit-e-mass values
of the properly calcined magnesite for this purpose, vary between
1.0 and 1,15 kg/litre.

5« During the mair calcining test about 77 t of celcined magnesits have
been produced, with the following gpecific consumption figures perl
(one) ton of calcined material:

o/ .
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- Raw magnesite 2.16 t
- Puel o0il 597 litre
- Power 105,2 kWh

Specific consumption figure of 2.16 t of raw magnesite for one ton
of ‘calcined material represenis a very high grade of utilizatiom of
the ore, In practice this figure varies between 2.2 and 2.6 t y de=
pending on the type of the ore, on one side, and on the calcining
operational conditions, on the other.

Very high consumption figure for fuel cil has been caused by:

=~ the lack of heat recuperation system with the rotary kiln, used
for calcining of magnesite;

~ Totary kiln being to short, partly water cooled (kiln entrance
has been without refractory lining);

- vory powerful exaust fan (taking to much heat out of the kiln);

= very high temperature of the calcined material, when leaving the
rotary kiln;

cold secondary air, etc., etc.

Modern, very efficieant kilns for calcining of magnesite, depending on
its capacity, and ¢n ihe propsrties of the ore in question, would
consunes

~ Shaft kiln: 100-120 litre of fuel oil
« Rotary kiln 160=200 litre of fuel oil.

From the beat trial processing tests, semi~product "A® contained 3.28
wte. por cent of lime (corresponding to 3.45 per cent of the real lime
oontent).

During the mein test following quantities of semi-products have been
obtained:

« 5P e~ A 22.4 t
- SP « B 19,1 ¢
- SP=-C 27.4 t

Following average recoveries of semi-products have been achieved:

~ SP w A 325 per cent
- SPeB 227 * =
w SP = C 39.8 #* =
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8. Chemical compositions and recoveries of semi-products, as obtainmed
from trial tests, main test, and from additional processing, respec-

tively, have beer given in the Table No. 27 .

Table No. 27 .

Chemical Compositions and Recoveries of Semi-products

A, Obtajined from Irial Insts:
Semieproduct LOI 510, A1293 F9203 Cal g0 Recovery
SP « A 5.63 1.13 0,11 C.20 3.26 89,67 30,26
Real Content 0 1,20 0.12 c.a 3.45 95.02
SP « B 6.24 1.14 0.11 0.20 4.85 87.46 39,50
Real Content 0 l.22 0.12 0021 5.17 93.24
SP - C 7.79 1.37 0.11 0,20 11.27 79.26 30, 24
Real Content 0 1,48 0,12 0.21 12.22 85.96

B, Obtained from Msin Test:

SP-4 59 L.z 0A1 Q20 367 88.87 | 5230,
Real Content 0 l.29 0.12 0.2 3.90 94,48

SP-B 508 0,97 01 G0 484 .42 20
Real Content 0 1,03 0.12 0.21 4,92 93.72

PG i 100 01 00 ads shgs | 3%.80
Real Content 0 1,09 0.12 0.22 9.92 88.65

Ce Obtained from Additional Processing (Tumbling + Screeming):

e o o * L) e o o * e o . L ] * » L] L ] L L4 L] [ L [ L * [ ] e o

Real Ccntent 0 1.31 0.12 0.2 3.54 94.78

Real Content 0 0.87 0,12 Q.21 3.66 95.14

5P - CT 8.67 1.33 0.11 0.20 8,02 8l1.67 1756

® & 6 9 o @ o & 5 6 & O 4 o6 o 4 4 * & v S B & & e O s

Real Content 0 1,46 0.12 0.22 8.78 89.45
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Zhe results of the recoveries, lime contents, and lime reductions,
as achigved irn trial tests, main test, and additional processing,
respectively, have been shown in the Tatle No. 28 .

Table No. 28 .
Recoveries, Lime Contents and Lime Rsductions
A, Achieyed Irial Tests (in per cent):

Lime Conternts Lime Reduction

Semi-product Recovery poei.o Afier (Per cent)
SP = A 30.26 8.21 J.45 44 .44
SP = B 39.50 6.21 5.17 16.75
Be Achieved in Maiz Test:
SP e A 32,50 623 3490 3740
5P« B 21.70 6423 4.92 20,03
C) Achieved by Additional Processing (Tumbling + Screeming):
‘ SP » AT 20. 6.23 3«54 43.18
SP « BI 29.45 6o 23 366 41.25

In the course of the trial tests already the lime reduction by
44.44 per cent with the semi-product ®A® (sizing: ~15+3 mm) has

been achieved. However, with the semi—product "B" (sizing:=3+l.2 mm)
only the lime reduction of 16.75 per cent has beem achieved, because
of to small appertures (l.2x1.2 mm) of the used sieve.

In the course of the main test, during which slightly "harder" mate-
rial has been obtained, somewhat lower lime reduction - 37.40 per cent -
with the semi-product "AM™ has tsen achieved. As to the semi-product "BW,
8lightly higher lime reduction - 20,03 per cent ~ due to bigger apper-
tures of the lower sieve (1.6x1.6 mm), has been achieved.

By additional processing of semi~prcducts MA®, and "B® their lime con-
tent has beer further reduced, This lhas aespeccially been the case with
semi~product “BW, After this simple technological operation following

lime reduction percentage have been achieved:




- 70 =

= with SP « Al 43.18 per cent, and
~ with SP - B2 4]..25 per cent.

In this way semiwproduct "B®™ has been transferred in the group of

highest quality grade, to which also semi=-product ™A™ belongs.

The results obtained from semi-industriel investigations have confirm-
ed, that the up-grading of Kadoma raw magnesite has been successfully
solved, and that the selactive hydration process has enabled to obtain
semi-products, out of which the dsad-burred magnesite, DBU-A, can be
Produced, having following chemical composition:

5102 1.0 « 1.5 per cent
- " n
A1203 0.1 - 0,15 ‘
" @
Fez()3 0.15- 0,25
Cal S e 4 L
Mg0 94.2 - 95,5 % ®

with the recovery of up to 50 por cent, calculated from the starting
calcined material, which is used for selective hydration process.

In addition to the main dead-burmed magnesite, DBil-A, three additional
grades of dead-burned magnesites could be produced, if the real demand
for them on the market would exist, i.e.:

- DBM-B from the semiwproduct ®B% ,

~ DBM-BS (stabilized sinter), from the semi-~product SP-B
with additives, and
DBU-D, lowest and cheapest grade of dead burned magnesite

for the production of ramming and gunning mixes « produced
by direct dead-burning of raw magnesite RM 5-25, without
any additives,

with chemical coupositions as given hereunder:

DBi~B DHi~-BS DEM-D
8102 1.0 - 1.5 2.0 - 2.2 1.0 - 1,5
A1203 0.12 0.2 0.12
FeZO3 0.21 0.5 ’ 0.21
Ca0 4,5 - 5.0 4.5 - 5.0 6.0 - 8.0
U0 93 - 94 92 -« 93 90 - 92.5




9. Of outstanding importance is the fact, found out during semi=indu-
strial investigations, that even the semi-product "C" represents a
valuable, salable product, what is considerably improving both, the
technological, and economical viability of the developed process.

10, On the basis of the results, obtained from semi-industrial investga~
tions, it is possible to define operational conditions for the wup-
grading of raw magnesite from Kadoma~mine by selective hydration
methed, as follows: (Block diagram in the Fige. No. 13 ):

a) Rey liagesite:
- Sizing: 5«20 mm
= Silica Content: up to 1.0 per cemt
- Lime Content: up to 4.0 per ceant
b) Calcining:
« Equipment: a modern rotary kiln with recu-
perative system and cooler
« Kiln Peed: to be adjusted according to the
. kiln capacity
« Working temperature 950° 2 20°
= Properties of calcinod magnesite:
w» Sizing: 0w 25 mm
~ Logs-on-ignition: max. 1,0 per cent
“ 5102 max. 2.0 per cent
- Cal max. 8.0 per cent
« Litre-lass: 1,0 = 1,15 kg/litre
= Stnckepiling of calcined
magnesites: in concrete bunkers with
steel plate lining (7 days)
c) Erocessi calcine 8-
site Utron the siockeoiier’
= Equipment: Drum mixer, 25 r/min., or similar
- Hetting: 5 wt. per cent of water
- Mixing time: one minute
=~ Unloading of drum-mixer: in zinc-plated or stainless steel
containers, covered by detachable lid
= Capacity of containers: 500-1000 litres
~ Soaking time in containers: min, 24 kours
- Stockwpiling of hydrated
material: in concrete silos, or bunkers
=~ Screening eguipgent: double~deck vybrating screen, ad-

justed to plant capacity, dedrsted

'/c
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- Wire sieves: upper position: 3.15x3.15 mm (to be adjusted if

necessary) _
lower positions l.4xl.4 mm (to be adjusted if
necessary)
d) Additional Procesging:
~ A e
~ Tumbling Equipment: Drum mixer, as above
« Screening Equipment: Vybrating screen, as above
e) Final products:
= Semi-product %AW SP - A
- Semi-product *B*® SP - B
- Semi-product ®C* SP-C
- Semi-product MAT® SP = AT
= Semi-product "BI® SP « BT
« Semi~product ®CI® SP =« CT

Chemical Compositions ahd Recoveries of Final products have been

given in the Iabie No, 27 , page 68 .
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B, Recormandatigns

1. It is recommanded that the second phase of semi-industrial investi-
gations with about 20 t of semi-product ™A®, and about 6 t of semi-
product "B" , be carried out in Yugoslavia/EUROPE as soon as possible,
according to the proposed Programme of Work, which is attached to this
Report as the Annex lNo. o

2. 1f the second phase of semi~-industrial investigations prooves to be
successful, it is recomanded to prepare the feasibility study for

the complete project.
3« It is recommanded to further explore the market in SADCC~, and PTA-
countries for:

a) All types of basic refractories,
b) All types of high alumina refractories, and

>

¢) Caustic calcined magnesite (Semi-product "CW),

In order to ensure quite relyable informations it is recommanded
to collect them by direct interviewingfall bigger potential con-
sumers, enabling the preparation of a very pricise WARKETING STUDY,
on the basis of which it can be decided on:

i) the assortment (qualita and shapes) of the bricks

. to be produced, and

ii) the total capacity of the potential refractory plant

for all final products mentioned above.

4. It is recommanded that the GEOLOGICAL SURVEY, Harare, soonest pos-
sibly ;%arts the work, which will ensure that the quality and avail-
able reserves for Kadoma magnesite, lumpy chrome ore (FRANCES mine),
and chrome ors concentrates (Mtorosharga mine), will be properly

confirmed.

S5« 1t is recommanded that the additions of the existing staff at the
Department of Metaliurgy, Harare, soones possibly be employed, e
nabling them to specialise in the fields of ceramics and refrace

toriess

6. It is recommanded to equipp the Ceramic Department of the Depart-
ment of Metallurgy, Harare, with:
i) Apparatus for determination of Cold-Crushing Strength;

ii) Apparatus Zor determination of the Refractoriness, and

o/'
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8,

iii) Apparatus for determination of Refractcriness-under-Load.

In tkis way the Department of aeteliurgy, Harare, would be enabled
botk: a) to carry out comprehensive investigations in the fields

of ceramics and refractories, and b) to further educate and train
the skilled staff necessary for future industrial development of
Zizbabwe, and for better utiiization of huge reserves of nor-metalliec

minerals in this country.

It is recommanded to carry out the investigations on the viability
of local raw materials for the production of high alumina bricks,
being that Zimbabwe disposes of substantial deposits of kyanite ,
sillimanite, corrundum, bauxite, flint clay, etc.

It is recommanded to provide the most important sciemtific litersa~
ture (books, journals, etc.) for the fields of ceramics and refrace
tories, in order to enable the staff to get additional knowledge,

as well as acquintance with the newest development in these fiselds.
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ANNEX Mo. 1.

PROGRAMME OF WORK
(pp/21M/83/006)

Travels (Belgrade - Vienna - Harare - Vienna = Belgrade)

Briefing and debriefing in Vienna = One week

- Inspections of Kadoma Mine and of rotary kiln,
- Preparatory meetings
- Discussions on Programme of Work and determining
its extent and the time schedules,
- Collecting of Raw Magnesite Representative Samples
for Trial Tests:
a) 50=55 t 3-25 mm at Railway site
b) 17-20 t 25~60 mm
¢) 12-15 t 3=60 mm
(prepared from: 75 wt. % of a), and
25 wte. % of b).
- Determination of Properties:
i) Grain Size
ii) Chemical Composition
iii) Physical Properties
iv) Mineralogical Composition
v) DTA/TGA
vi) Distribution of Contaminants by Electrom-Micro-
Probe (only on the sample 3 -60 mm)

~ Evaluation of Results

Duty Statior: Kadoma
Dead Line: 12.05,1987 {excluding distribution

of contaminants).

First Check of the rotary kiln :

- Mechanical Repair of the kiln, including all equip~
ments connected to it ;

- Relining of the kiln-entrance with ramming mix j;

« Cleaning up of the kiln area j

- Preparing of Representative Samples of Raw Magnesite
(stock-piled at Eiffel Fiats) ;

- Check of the reotary kilmn in cold state 3

of o
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- Ensure the even feed of rotary kiln (belt conveyor,
wheel-barrows, scale, etc.) H

- Ensure sufficient quantity of fuel oil (with its
characteristics) ;

- Heat up the kiln when additional lining is ready ;

- Due to the fact that the old lining contains infil-
trates and a coating, clean it up by sufficient gquan=-
tity of raw magnesite 3-25 mm ;

- Check the number of revelutions per minute, as well
as the possibility of reaching the working tempera-
ture of up to 1200°C, and take notice of the neces-
sary time period ;

- Find out what are the approximate hourly capacities
of the kiln, when calcining raw magnesite at :

a) 900°
b) 1000°C
c) 1100°%

- Find out the avarage consumption figure for fueloil
(per hour) for working temperatures between 1000°C
and 1100°C.

Duty Station : Kadoma

Dead line : 12,05,1987.

Prelininary Calcinin, Test

- For these tests the following raw magnesite classes :
a) 3-25 mm ; b) 25=-60 mm, and ¢) 3-60 mm shall be used
and calcined at the working temperatures of 900°C ’
1000°c, and 1100°C .

The approximate quantity of each class shall be 12 ¢t .
Duty Station : Kadoma

Dead Line : 20,05,1987 .

Determinations of the properties of calcined magnesites

(9 samples) :

- Grain 3ize

- Chemical Composition
-~ Physical Properties

- Reactivity
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- X-Ray~Pattern
- DTA/TGA

- Evaluation of the results .

Duty Station : Xadoma/Harare
Dead Line : 28.95.1987.

Selective Hydratior of 9 Samples of Calcined Magnesites

= Determination of properties of S x 3 = 27 samples of
Semi-Products ("A", and "B") :

- Grain 3ize

Chemical Composition

- Physical Properties

- X=Ray Pattern

DTA/TGA

~ LEvaluation of thke Results

- Defining the optimum Conditions for the main test.

Duty Station : Kadoma
Dead Line 20,06,1987,

MATIN TEST -~ Representative Sample

- Collecting of a new representative sample of 150 t
according to the results of the preliminary tests.,
- Determination of the properties :
- Grain Size
= Chemical Composition
= Physical Properties
- DTA/TGA
- Evaluation of the Results,

Duty Station 3 Kadoma
Dead Line : 26,06,1987,

Main Calcining Test (150 t) :

Heating up of the Rotary Kiln

Production of approximately 60 t of calcined magnesite
- Process Control (every 8-hour shift) : )

= Grain Size of Calcined magnesite

- Chemical composition of calcined magnesite

- Reactivity

Daily Process Control :
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- Grain Size (1 Sample)
- Chemlcal Composition (1 Sample)
- Reactivity (1 Sample)
- Physical Properties (1 Sample)
a) X-Ray Pattern
b) DTA/TGA
- Establishing of specific consumption figures for

Raw lMagnesite, Fuel 0il, and Pover, -

Duty Station : Xadoma
Dead Line : 10,07.1987.

Selective Hydration - Main Test :

- Determination of the Properties of Representative
Sample (60 t) of Calcined Magnesite :
- Grain Size
= Chemical Composition
- Reactivity
-~ Physical Properties
~ X=Ray=Pattern
- DTA/TGA
=~ Production of approximately 22 tons of Semi-Product "A"
= Production of approximately 18 tons of Semi-Product "B"
-~ Determination of Properties of Semi~Products "A"™ and "B";
- Grain Size

Chemical Compbsition

Physycal Properties

X=-Ray=-Pattern

~ DTA/TGA
- Establishing of Recovery of Semi-Products "A" and "B"
= Evaluation of the Results.

Duty Station : Kadoma/Harare
Dead Line : 01.08.1987,

Collecting of Representative Samples of

- Lumpy Chrome Ore (Francies Mine), 50-200 mm - 2 t

-~ Chrome Ore Concentrates (Mtoroshanga) :

- "D-20" - 2 tons
- "D-26" = 2 tons

- Flaked Graphite -~ 0,75 tons

This will be carried out at appropriate time during
the programme ./.
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10, Preparation of 2 Terminal Report with Conclusicns
and Recommandations
- Writing and Typing of laster rages
- Reproductiorn of all Photogranhs and Diagramms
- Reprinting (10 copies)
- Completing, binding, etc.

- Duty Station : Harare

Dead Line : 18,08.1987

11. Indicated Dead Lines in the Programme of Work willbe
subject to alteration depending on circumstances a-
greed to by the partners.
To this Programme of Work the List of all the deter-
minatioas, to be carried out, and the delivery terms
of relevant corresponding reports is attached.
Signed this day of 30th April, 1987.

FOR MINISTRY OF MINES UNIDO EXPERTS

C. Ushewokunze, J. Vliajcic

Peimanent Secretary I. Budimir
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ATTACHEMNZUT TO THE PROGRUGIE OF WORK
(pp/z2111/83,/006)

Determinations to be carried vut :

1) Cheiiical Analyses of I-AgCO3 :
a) Ingrecients: LOI, sio,, A1203, 1e203, Ca0, MgC (2 days)
b) " : LOI, 5i0,, Ca0 - (2 days), up to 7 samples

2) Chemical Analyses of Calcined MgO :

a) LOI, Si0,, A1,0 30 Fey05, Ca0 and Mg0 -~ (2 days)
b) LOI, $i0, and Ca0 - (2 days)

c) B

-
Je

205 (exceptionally) = (1 week)

3) Chemical Analyses of Semi-Products :

a) LOCI, $10,, 41,04, Fe203, Ca0 and »g0 - (2 days)

b) LOI, 5102 and Ca0 - (2 days])
c) B203(exceptionally) - (1 week)

4) Chemical Analyses of Chrome Ore :

a) LCI, $10,, FeO, A1,0,, Ca0, Mg0 and Cry0. = (1 week)

5) C-cmizal Analysis of Flaked Graphite :
C 5, Ash Content : (3 days)

Grain Size

6) Grain Size Determinations :

a) 3, 5, 10, 15 and 25 mm (3-2% mm Raw MgCOB) (1 day)
b) 3,5,10,15,25,40 and 60 mm(3~60 raw MgCOB) - 7' day)

c) 25, 40 and 60 mm (25-60 mm raw MgCOB) - { 1 day)
d) 1, 3, 5, 10, 15 and 25 mm {(calcined MgO) - (1 day)
e) 3, 5, 10, 15 mm (Semi-Products) "A" - (1 day)
f) 1, 2, and 3 mm (Semi-Product) "B" - (1 day)

g) 3, 10, 20, 50 and 100 mm {Lumpy Chrome ore)~ (1 day)
h) 0,1; 9,5; 1, 2, and 3 mm (D=20 chr.ore conc)~-{1 day)
i) 0,1; 0,5%; 1, 2, and 3 mm (D-26 " " " - (1 day)
i) 0,1; 0,2; 0,5; 0,75 and 1 mm (Flaked graph,)= (1 day)

of e
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11,

Physical Properties Determinations :

a) Bulk Density - (1 day)

- Raw Magnesite

- Chrome Ore and/or Concentrate

b) Density - (1 day)
- Raw Magnesite

- Chrome Ore and/or Concentrate

c) Weight of 1 litre of Volume - (1 day)

- Raw Magnesite

Calcined MgO

Semi-Products ("A" and "B")

Crushed Chrome Ore and Concentrates
- Flaked Graphite

DIA-Determinations - - (1 day)

- Raw Magnesite (various grain sizes)
- Calcined MgO

-~ Semi-Products ("A" and "B")

X-Ray-Patterns - (1 cay)
- Raw NgCO3
- Calcined HgO

- Semi-Products ("A" and "B")

(various grai sizes)

-~ Chrome ore and Concentrates

Electron-Micro-Probe - (1 week)

- 3 -60 mm Raw Magnesite (various colours)

Distributions »f Si0 Cao, and MgO

2’
Reactivity of Calcined MgO - (1 day)
Dovelopnient ¢f a suitable Testing Mesthed and
Determinations of

- Various Samples frcm Trial Tests

- Various Samples from Main Test.
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Institute of Mining Research

Compiling catalogues for X3F and

i. University Vacatiors (1981 - 1963 )
Employer: University of Zimbabwe
(a) Department of Chemistry
(b)
Post(s) : Research .ssistaat
Duties : (i) Setting up experiments
(ii) 4nalytical chemictry
(iii)
XRD standards
(iv) 1Interpreting experimental
resultis
3. Full-Time (1984 - 1987)

Fmployer:

Mines

Post(s) (1/4/1984 = 1,

Duties:

(11)

(1ii)

Department of Metallurgy, ¥inistry of

/4/1986): Chemist and acting

Chief of the Ceramics
Non-metaliics section
as from 1/3/1984

administering the ceramics
section. 7
Testing, evaluating and up-
gradihg non-metallic raw
materials) or products.
Research and development of
non-metallic minerals based

rroducts (including fine ceramics

w..d Tefractories)




{(iv) Trderstudying and assisting
ULIDO experts on Frojscts on
i

non~-metallics in Jimtabwe.

FPost(s) (1/4/1980 - present): Clay Specialist and
Chief of the Ceramics

Section.

Duties: 4s above
dpecific UHIDO sponsored projects under-

taken in this post include:-

(i) Testing, evaluating and processing of alumasilicate
materials (clays kyanite etc) for the production of
fine ceramics and refractories

(ii) Laboratory and semi-industrial beneficiation of
Kadoma magnesite for the production of basic
refractories

(iii) Testing and evaluating a whole spectrum of
simbabwean non-metallic minsrals for the
compilation of a geological inventory on
Zimbabwean non-metallic minerals

(iv) Technology of fine ceramics vproduction viz:
technical porcelain products sanitarywsare
oroduction, manufacture of wall tiles and the
development of fine ceramics glazes from mainly
Zimbabwean raw materials.

(v) a preliminary market survey and a pre-feasibilty
study on the production of Jimbabwe's non-metallic
minsrals and products supply and demand with a view
to delineating the main lines for the develcpment of

the non-metallic minerals sector in Zimbabwe.

PURTHER PRCICUSICHAL TReINWING

1 Attended the first world congress on nonemetallic
minerals held in Belgrade, Yugoslavié.

2. attended a 2-week technical workshop on the comilex

utilisation of non-metallic minerals in developing
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countrias, held in Filsern, Czachoslovakia.
Undertook UNIDC fellowship programnes ian Hungarian
and Polish factories =223 ressarch institubes as

follows:-

HUMG:RY (2 MOMPES)

Frogrammes:- (i Technology of manufacture

of sanitaryware.

Place
(ii) porcelain tablevare
production technology
(iii) floor and wall tile
production technology
(iv) majolika production
(v) oproduction of kiln
furniture - cordierite and
gic
(vi) energy diagnostics
(vii) constructional and design
aspects of a pilot plant
rotary frit kiln
Place: Alfgldi porcelaingyar in
Hgdmezgvasarhely and Budapest
Porcelangyar in Budapest
Programme: Crganisation of resezrch and

problems associated with:-

-~ fine ceramics

- gilicates chemistry

- glass technonogical measure-~
ments

- production of refractory ceaments

- gome @pecial ceramics

1
Flace: Zolnay Porcelanyar in Pecs.
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Frogramme:-
Technology of production of low and middle tension
insulators and the vrodiuction of other tecinical

ceramics.

n "
Place:- KCRBANY&I FORCELALGYLR (KCRPCC)

b)

c)

E
IN BUDAPEST

Programme:-

Production technology for magnesite based

refractories and consultations on the application

of various basic refractories and on the design of
laboratory furnaces.

POLAND (2 MCNTES)

Programme:-

Technology of manufacture and application of refractories:

raw materials ~ their upgrading, testing and processing
unit ooerations in the refractories technology: batch
pr:paration; shapes forming (including pressing),
drying and firing; interoperatioral controlling; plant
equipment and the organisation of producticn;

standard and uncorwentional methods of testing refractory
materials and products. Technology of application

of refractories in iron and steel works,

Technology of manufacture of special ceranics:
crucibles, tubes, suppokts abrasion resistant elements,
etce

The problems of research in refratories and special

ceramics.

d4) Design of industrial furnaces.

Places:-

1. Biuro Projekiwo Przemyslu wateriatow ogniotrwalych
"Bipromog" -~ Gliwice

. The refractories institute - Gliwice

3, Magnesite refrazctories plant (Zaklady magnezytowe in
ROp ZyyXw)

4. Factory for the production of alumosilicate and hignh

alumina refractories.
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(Skawinske Zakladay iaterialow Ogniotrwalych in
Skawina)

5. Alumosilicate to high alumina factory

(Zaklady Surowcow Ogniotrwalych “Gorka" in
Trzebina).

6. Katowice Iron Works (Huta Katowice)

7. Kracow Iron Works (Huta im Lenina)
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e nale
Jate of 3irth: 25<h ¥ay, 961
iZes 26 years
Place of Zirth: Harare/IIl3A5WD
Yarital Status: Zingle
Laticnzality: Zirbabwean
citizenshioe dimbacwean
Residential iddress: 20, Marimba Park, eka scad, Harare/iIiBABiZ
Postal =ddress: P.0. Box ST 211, Southerton, Farare/LIiBA3WE
3usiness address: DEPARTME=NT OF MzTALLURGY, P C Box 2340,
Causeway, ZJarare/ZIiBABWE
Home Phone dumbers: 62821
3usiness rhone XJumber: 726625/9
“OUCATICON
1967 — 1968 Yamurayi Government Ichool
1568 = 1971 Jadzznayli Lovernment School
1972 = 19772 Hartzell <rimary Schocl
1974 - 1977 St George's Colleze G.C.x 'C' Level with
following results:
Chemistry A
Mathematics 3
znglish Language 3
english Literature C
Human Biclogy 3
39054.;..~ .y &
Physics (1973) B
distory C
Aelig, oStudies C
Frernchn C
1578 = 1979 ™! Level:
Chemistry 2

fure & Applied
Mathematics 6
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Crystalography
Mineralogy

Pateotology

Petrology

Stratigraphy of Zimbabwe
Mapping and GeomorrhologZy

3iocasmistry (198% - 1983)
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vathabolic Pathways and inbora errors in Jetrbolism
Tmtrition, 3icerergetics, and snzyrolosy

Drug Petabolism

Yormons Control at lolecular level

ucleic acids and Genztics

Industrial Microciology

Imzunocheristry

Radiochemistry

3pectroscopy as apolied to 3iochemistry

Separation tecaniques
3iochemistry of Ziological

L

Structures

Chemistry (1982 = 1985)

P

N -
—t

(3)

1

Tnorgznic ané analytical Chemistry:

Systematiz Zroud Chemistry. wet methods and inst rurental methods
of aralyses. Crganometallic and coordination Chemistry. volvent
exir-ctior. Ion exchaznge, ©pectirocien nistry or com:lex ions,
Chemistry of tne Lanthanides. Zxtractive metellurgy.

Physical Chemistry:
%uanuum iecnanics. otatistical Thermodymamnics. Ion eguilitria.
“lectrocnemistry. Thermochemistry. Collizative pronerties.
Surface cnermistiry. Klectric and magmetic properzies of molecules,
Thery of spectroscogy. Transzort phenomera ana solution Hiretice.
Shase Hule. Computer Science ana its apslication to rumerical
approx*mations.
Organic Chemis~
”*efeo,“emlst“y and Reactivity.
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Ireczrescovy and Structure. Crzsaic synihescs, rroperties and
uses of alionaztics znd aromatics. arcmaticity. adranced reaction
Mechanics. r-olynuclear aromatic Chemistry. Hetaronuclezr laenistiry,
Zicmolacules and carcincgens.
wAJCR 8URJIZCTS Chemistry and Biochemistry
- SUZSIDIARY 3USJZCTS ¢ lathematics and Geology
TINAL YZAR RESULTS ¢ Chemistry - Grzde III
N Siochemistry - Grzde I
Overaly Legres Classification - Grzde III
IMPLCOYVENT RECCHD
July 198c Devartment of .letallurgy, itiunistry of Iines,
Iir James lcDonald avenue, Harare/IIi3BASWE
?05T: Higher Technician
DUTLLS ¢
July 1986 - 725,87 i) Aoutine lineral -rocessing of Ures

ii) Investizaticn in%to ores which do not resnond to

routice trezinent,
iii) Investization into ap:licability 0f recent
alvances in mineral ex*rzcsiorn *o cur local needs.
sarcn to cresent: i) Houtine analysis of non-metallic raw mat rials
and quality control of ceramic troducts;

ii) Investizate the use of loezlly availa®le non-
retaliic raw maverials in the ppoductisa of
carzmic procuais.

HZALTH ZZCORD @ No disability, o major illnzss

MISCELLANEQUS

THFCRUATICN Clean vlass 4 Driver's Licence = 1580

FCTTRE 2LaNS: i) To stuuy for a fost Graduate Ccourse in
Ceramic Tecnnology

. ii) To develop methods of rading local raw

materials 8o ther can ove used ia ihe nroduction
of those ceramic products wnich are a% fresent

ted.

Yeing impor
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Annex No. 4 «

LIST OF EQUIPWENT TO BE FROVIDED FCR SELI
" ANDUSIRIAL INVESTIGAIIONS IN ZIMBABWE

1). Rubber Bslt Conveyor that can alse be mobile, Intended for feeding
of semi-industrial rotary kilm with raw magnesite.

2). Semi-industrial Betary Kiln for the planned semi-industrial inve-
stigations; the existing kilm in Biffel Flats (nnder the roof could
be used (10400 mm of length). The kiln has to be adopted and mecha-
nicelly repaired, as well as lined with refractery bricks ef adequate
quality for the working temperature ef 1200°C,

For this kiln an adequate burner is to be previded, to use light
diesel oil er earth gas, emabling proper calcination of raw magne-
site up teo 1200’0, according to the kilmn capacity.

Prior te the beginning eof work, the kiln is to be mechanically
tested in cold stats.

3). Optical Temperature Measuring Imstrument to contrel working tempe-
rature in the retary kilm during calcining. Its measuring range
shoild be approximately 700°-1300°C, with accuracy ef 2 10%.
Ihe instrument is to enable the whole quawtity of raw magnesite
to be as evenly calcined as possible, as well as te enable the
temperature conirel at different levels.

4). Mixer far Wetting ef Calcined Magnesite. For this process a mobils
mizer ceuld be used, like the one used for mixing of concrets in
eivil enginesring. It should be about 100 litres of volume, or close
to that, which can be obtained on the market ~ from regular serial
production.

5) Containers made of zinc plated shest, about 75 litres of volume
(20 pieces), Ths containers are intended for taking over of cal-
cined magnesite, after being wetted in comcrete mixer. The 20 pcs
are to ensure undisturbed work for 2 -« 3 days.

'/o
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6). Vybrating screem, double-deck, with capacity of 200-250 kg/hour, A

no special requests are made regarding corstruction of the screen
itseif (it is only desirable that it should be dedusted), an ordie-
nary screen from regular production could be used, having about the
required capacity, which can be found in Zimbabwe. Appertures of
the screen sgould be as follows: a) the upper screen: 3 x 3 mm ;
b) the lower screem: 1 x 1 mm. The screems used in civil engineer-

ing could be applied for this purpose.

Cold Crushing Tester with the Attachement for pressing of the spe-

cimens to te tested.

The tsster is indispemnsable for development of new presucts in fine
and soarse ceramics and construction materials. It would consider-
ably facilitate the work and extend the activities of the Department
of Metallurgy, Harare. An offer of ithe best kmown European producer
was acquired (IONI-MEL Pryfsysteme, D=6707 Schifferstadt, ¥o. 1982/
86/6 o2 16th October 1985). A copy of this offer has been submitted
to Zinbabwean partner.




Annex No., 5 .

RECOMMANDATIONS
to prepare the rotary kiln at Eiffel Flets
for the calcining of magnesite

Please provide a bin and a (belt) conveyor, so that
even feed of the kiln, and the measuring of the ma-
terial (by wight or by volume) can be ensured.

Due to the relatively high working temperatures (np

to 1200°C) it is advisable to reline (cas. 2.5 meter)
the entrance of the kiln with the fire clay bricks, in
order to avoid plastic deformation of the shell, as
well as high abrasion of the same,

It would be very helpful to replace the existing thermo-
meter by a thermocouple (up to 1400°C or higher), which
should be built in in the same hole - for the comtrol

of the calcining process.

It would be, also, very helpful to ensure an optical
Pyrometer (up to 1400°C or higher), for taking the
temperatures at various olaces in the kiln.

Continuous discharge of the kiln should be ensured in
order to avoid contamination of calcined material, the
weight of which should be possibly measured,

Puel (diesel) oil pump and burner should ensure emough
heat, for reaching working temperature of the kiln
(1200°C) with the full capacity of feed.

All relevant data for the fuel oil (ask and sulphur
content, calorific value, etc.) should be provided.

The kiln inside, as well as the platform around the
kiln must be quite clean.

It is expected that the chemical laboratory at the site
will supply necessary results for the raw magnesite
and calcined material within one day.

Harare, Dec, 1986, o/ .




ANNEX No. 6,

COLLECTING OF REPRESENTATIVE SAMPLES
- RAW MAGNESITE -

Herewith we confirm to have taken from XADOMA MAGNESITE (PVT)

. LTD, Kadoma/ZIMBABWE, following representative samples :

1. On Tuesday, 05, May 1987, and on Wednesday, 06, May 1987 :

About 40,0 t of crushed and washed raw magnesitz on 035,
May, and about 20.0 t on 06. May 1987, taken from the
stock-pile at railway sites (weighing about 1,500 t ac-
cording to the Mine evidence, and corresponding with
the production of one month), containing particles from
3 - 25 mm, as prepared for delivery to South African

consumers 3}

Procedure:

From the mentioned stock-pile, having circumference of
about 120 metres, and the height of about 1,60 metres ,

the samples weighing about 1 t of magnesite have been

taken by front-end loader, as evenly spread as possible
from the bottom up to the top, at the distances of about

2 metres apart. All sapmples taken have been unloaded in
one self-unloading lorry., It was tried to reach some homo-
genization during unloading of front-end loader, by spray-

ing the sample over the whole surface of lorry container.

Total welight of this sample has been determined by weigh-
ing out all three loads on the bridge scale in Kadoma,The
whole quantity of this representative sample has been un-~
loaded on a concrete surface close to the rotary kiln of

. "CTS"-plant of RIO TINTO, at Eiffel Flats, which has been
later on used for the calcining test,

2. on Friday, 08, May 1987 :

About 22,0 t of crushed and washed raw magnesite taken
from the vybrating screen (overrlow) after primary crusher,

containing particles from 25-30 mm,

c/o




Procedure :

One showel (about 5 kg) has been taken every 5 minutes
from the vybrating screen overflow and collected in the
course of about eight working days. The collected quan-
tity has bean lsaded by a front-end loader into one self-
unloading lorry. Here, also, it was tried to reach some
homogenization during unloading of the front-end loader,
by dissipating the sample over the whole surface of lorry-
container.

This representative sample has been also.unloaded on a
concrete platform close to the rotary kiln of "CTS"-plant
of RIO TINTO, at Eiffel Flats, as mentioned above.

On Friday, 08, May 1937 :

About 12 t of the representative sample, containing the
particles of 3-60 mm has been prepared in CTS-plant of RIO
TINTO, at Eiffel Flats, in the following way :

- A quantity of 9.0 t of the sample, mentioned under item
1, of this Annex, has been snread on the concrete plat-
form close to the rotary kiln, and a quantity of 3.0 t
of the sample, mentioned under the item 2, of this An-
nex (i.e. 25-60 mm), has been dissipated over the first-
1y mentioned sample (3-25 mm). Thorough mixing of both
samples has been repeated three times. The new sample
consisted of 75 w., per cent of the particles 3=25 mm,
and 25 w. per cent of the particles 25-60 mm, This pro-
portion of both grain size classes has been found out
from the mine management, as being typical for a very
long period of time.

Provision has been made to avoid any contamination of the

samples during the transportation, as ~ell as during the

time of keeping them stock-piled at the CTS-plant, at
Eiffel Flats.

At Eiffel Flats, 08, May 1987.
UNIDO-Experts: For Dep.of Metallurgy:

Z

“
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o KV |
%féé/hﬁ% , // : L Lo

Tﬁovde/ﬁlajdic) (Ivan Budimir) . (J.Mapiravana) (L.Mareya)
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ANNEX No, 7.

A PRACTICAL MITHOD TCR LITRE~-MASS DITEIINATIONS

Litre=ass is the mass of one litre of a material, which is
loosely filled in an appropriate measuring container. The
1itre-mass of the calcined magnesite represents cne of its
very important properties, showing the extent of its densi-
fication during the calcining process, and allowing a quick
control of the same, This value is indispensable for the de-

sign of shutes, conveyors, silos, bunkers, etc.

Sampling: Depending on the nature of the material, and on the
stability of the production process, sampling should be carri-
ed out every 1, 2, 4, or 8 hovrs, respectively. In the case of
calcined magnesite, the sample taken from the rotary, or of
shaft kiln should be about 100-120 kg, and let to cool down to
50°C. After thorouch mixing, the representative sample should
be taken by a sampler, or by spot-method. The sample, so pre-

pared, should be used for the determination.

Container for this determination, preferably made of stainless
steel, and having cYlindrical form, with a volume of about 20
to 25 litres (D : H = 1,5- 2), which should be exactly pre-
determined by means of a water measuring jar. Appripriate di-

mensions of the container could be: D = 25 cm, and H = 40-50 cm,

Determination: The container should loosely be filled up with

the material, so that a conical pile above the edges be formed,
The excess of the material should be removed by a scrape, i.e
with a hard cbject being pulled over the edges of container,
During the filling up, and of scraping, container must not be
shaken, After that, so filled container should be wighed out

with an accuracy of X 0.1 kg .,

Calculation should be maee_bg using following squation, i.e.:
1

litre-Mass = — - (kg/1itre)
v

where:

G = Weight of the full container, in kg,
G1 = Weight of the empty container,in kg,
v = Volume of the container, in litres.

During this investigations this method has proven to be very
practical and relyable, ensuring reproducible results. But,

for Litre-Mass-determinations every other standard method can

be useds 2as well, -
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ANNEX No. 9.

FUZL SPECIFICATION

Product: Automotive Gas 0il

Quality: Automotive Gas 0il (100 75 Distillate meeting all
Requirements of BS,.2869:1970 0il Fuels - Class A

Typical Specification

Result Limits
Colour, ASTM 3,5 max,
Density, kg/litre @ 20°C 0,817-0,840
Distillation:

Recovery @ 350°C, 9 vol, 85 min,
Flash Point, PMCC, °C 66 min.
Viscosity, Kinematic at 37,8°C, cs 1,6-6,0

Redwood 1 @ 37’8°C, secs, 30-40
Cloud Point, max. °C 0
Ash, 7} wt, 0,01 max,
Sediment, 7} wt. 0,01 max,
Water Content, % vol,. 0,05 max,
Carbon Residue, Ramsbottom, on 107 residue,

* by mass 0,2 max,
Sulphur Content, % wt, 0,5 max,
Corrosive Sulphur, Cu-Strip 1B max,
Neutralisaction Value:

Strong Acid No., mg XOH/g Nil

Total Acid No., mg KOH/g 0,50 max,
Diesel Index . 58 min,
Calorific V,lue, Gross MJ/kg bs,7 45,1 min.
Calorific Value, Gross MJ/1lit, 37,9 37,4

Remarlk: Data obtained from the Supplyer (SHELL)
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ANNZX T0. 10

COLLICTICYE CF 205t AEZPRISELT.TIVZ 3axPld {3 - 25mn,

Selactive mining is undertaken at Xadoma magnesite amine.

The grade of the cre extracted should always conform to

the following chemical specifications:-

Sic 1.0% (Max)

Cal 4.0% (Max)

About 8Ct/day are now extracted from Monday to Friday
inclusive. 4s this amount falls far short of the

capacity of the existing crushing plant, the extracted ore
is first stockpiled before crushing on alternate days of

the working weeke

The 205t of 3 - 25mm magnesite ore used in the project
represent part of ore selectively extracted over 5 days of
the regular production, from various points of the mine
workings with a suitable grade and then crushed over

3 ~<oeking days.

CCUNTER-PART TEAM

o )
’ IR . . .
f’//lxa}“;fi/f,, 1 Ut R

DATE:/A¥,‘?//§'::.f J. Mapiravan? L. llareya
AN
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- ANNEX No. 11 .

REPORT ON A VISIT TO THE KADOMA
MAGNESITE MINE, KADOMA, GWERU MINING DISTRICT

Visited 1 11.06.87
By : S. SIMANGO

INTRODUCTION
The mine was visited at the request of the Director for Metallurgy to review the
situation at the mine re-ore reserves and development in anticipation of the

proposed Magnesite-refractories plant. This was also a familiarisation tour for

the writer, who is compiling a Magnesite Report for the Mineral Resources Series.

The writer was accompanied underground by the Shift Boss, Mr J. Hastings.

The majority shareholding in the Company, which is incorporated in Zimbabwe, is
held by Vereeniging Refractories L+d., of South Africa.

LOCATION AND ACCESS
The mine is located on Barton Farm approximately 12 km south east of Kadoma.

Access from Kadoma is by tarmac road for about 9 km and then by gravel road
due east for 3 km.

WORKINGS

Development has reached 6 level but no work is being carried out there. Most
work is between 2 and 5 levels.

5 level east drive was developed in the period 1984-85 for talc but with po
production. This venture reduced development for magnesite hence the current low
ore reserves. Most of the development is mow in the west drive of 5 level, with

a small quantity of ore reserves in the sou*: drive (no quantities given).

There is very little work being done on 4 level. Bigger scale operations are on
cast drive level 2. However mining on this level has been haphezard, this being

prompted by the selective mining practised at the mine.

A new mine has been developed on the far east orebody where production is expected

to begin from 6 level to 11 level.

OBRE RESERVES

The anticipated demand for raw magnesite by the magnesite-refractories plant is

pat at 120 000 tonnes per year to pruduce about 50 000 of refractory products, for
both domestic and export markz%e, particularly for PTA ana SADCC countries. The
South African market should also be reviewed in terms of continuing or discontinuing
exports. If exports of raw magnesite are to be continued this will increase

3
anticipated production to 144 000 tonnes per vear. Ir view of the delineation

of mor‘?/. o




of more ore reserves will be of top priority. The currently quoted ore reserves

are as follows:

Proved Reserves T4 000
Ore in sight 27 GO0 ¢
Indicated Reserves 5 and 6 levels 104 000 t
Sub-Total 205 000 i
Indicated reserves in far East Zone

down to 11th level 346 000 ¢
Total Ore Reserves (all categories) 551 000 ¢

These ore reserves would give the mine a running life of less than 4 years from

the present at the anticipated production requirements.

MINING METHODS EMPLOYED
Highly seiective mining is practiced employing:
1. Underhand stoping into vertical ore raises. This method is used in all

major stope.

2. Overhand Stoping. This is only used where the vertical extend of on-grade
material is limited to approximately 5 metres.
Stope sizes vary greatly from widihs of 8,3 metres up to 15 metres. Stope
sizes are determined by the grade of ore.

The ground is easy to break for mining but very stable with no ground support

required.

GRADE CONTROL

Extremely selective mining is practiced. Sludge samples are collected frum 1 metre
holes drilled at approximately 1,5 metre intervals, in all sfope faces prior to
drilling the face for blasting.

Samples are assayed on site with independent checks being done once a week on
random samples. Checks are done by Rio Tinto Analytical Laboratories. Samples

are analysed for loss of ignition, insolubles i.e. silica and linme,

MARKETS .
Currently the mine exports an average 2 000 tonnes of raw magnesite to South
African manmufacturers of refractory bricks, with a small volume of less than

2 per cent of gem quality magnesite going to another South African buyer. The waw
magnesite is sold in the form of crushed ore (44 o» = 25 mm).

Local consumption is less than 3 OO0 tonnes a year. The consumers are G & W

Industrial Minersls, 2 800 tonnes and W.8, Craster itd., 138 tonnes.

PROBLEMS/ ...




PROBLEMS FACING THE MINE
The most significant problems facing the mine are:

1.

i1,

iii,

Erratic grades of the ore: Even with stream lined selective mining, this one
factor will always have to be reckoned with.

The erratic grades are complicated by fault tuffa referred to as "mud fissures”
by the miners. Where these are thick they tend to dilute the ore. Overall
fissures tend to thin-out with depth and their effect reduced.

¥ater: The mine and the surrounding area is very dry. Several boreholes have
been sunk by the mire in an effort to find water reserves but all were dry.
Currently all water used by the mine is bought from Kadoma Municipality. There
is a threat to this supply if a new water works is commissioned which will use
a different pipeg".".l'his issue should be raised with the appropiate authorities.
Geology: There is no geological input during development work. The company
geologist, who is resident in South Africa, only visits the mine for a few days
in a year and his last visit wvas a year ago at the time of reporting. It ghould
be appreciated that with this type of deposit & lot of geological input is

required and more so with the anticipated increase in production targets.

Others

i.
ii.

iii,

Lack of feed:?;tm customers.

Lack of communication with senior management. It appears the mine is
considered only as a supplier with no interest shown in its day to day
running etc.

Shortage of speres. This is a problem common to the mining industry in

Zimbabwe which requires an indepth review.

CONCLUSICNS AND RECOMMENDATICNS

Although the mine is currently meeting its market requirements, in view of the

anticipated increase in production to meet demand from the magnesite refractories

plant the following recommendations are made.

i.

ii.

There has to be a concerted development effort to delineate more ore reserves.
This can only be accomplished satisfactorily if all levels of the mine have
been completely mapped and sampled. For this a comprehensive geological input
is required, both undergrcund and on surface.

The present haulage system needs extensive removation. Even with the current
small production of 2 000 t/month, the system is still very labour intenmsive
and inefficieni. A mining engineering report on this is imperative.

iii. The/...




iii. The selective mining currently practiced should be streamlined to accommodate
slightly lower grade ore.

This will greatly increase ore reserves.

However,

this can only be achieved by upgrading the lower grade ore using a very

efficient beneficiation plant.
handling facilities (see above).

This will entail more sophisticated ore
The Pande Mine is referred to on this.

It is worth noting here that while the mine sells its raw product at about

2$28 per tonne, G & W beneficiates and resells at 2$328 per tonne.

iv. An appraiscl ef the ground conditions is required particularly from 2 level

upwards.

v. Analytical techniques currently used in grade conirol procedures need a

thorough review.

COMMENTS

The magnesite body is estimated to be 2 km long by 100-200 metres wide.
current mine has been developed over only 375metres strike to 6 level.

The
Even with

high grace ore comprising less than 20 per cent by volume of the total magnesite
body, the deposit is of a very high potential and should be fully developed to

allow maximum recovery of the magnesite.

Mr Odendaal, the Manager is thanked for releasing confidential reports for the

writer's reference.

GEOLOGICAL SURVEY DEPARTMENT
P.0. BOX 8039

CAUSEWAY

07 07 67

SS/GM

t -~
S, SIMANGO
ECONOMIC GEOLOGIST
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ANNEX NO. 12 [ ]

PROPOSED PROGRAMME OF WORK

II, Phass of semi-industrial investigations to be carried out

in Yugoslavia/Europe

1. Necessary Raw lMiaterials:

l.1

1.2

1.3

le4d

1.5

Semi-products: SP - A, and 3P

Designation Quantity
SP-21/3 1,300 kg
SP=24/3 1,000 »
SP.25/3 2,100 *
Low26/3 1,200 =
SP-27/3 1,250 »
SP-28/3 1,300 ®
SP-29/3 1,85¢ *
SPw30/3 2,550
SP-1/3 1,950 *
SP=2/3 2,050
SP-3/3 2,000 ®»
SP-4/3 1,800 ®

Total 20,450 kg

——— - o o e o

- B
Designation Quantity
5P-24/16 950 kg
SP=25/16 1,750 kg
SP-27/16 1,150
- SPu2/18 1,150 *
SP-3/16 1,250 *
Tyotal 6,250 kg

e e ——

Chrome ore Concentrates: (Mtoroshanga mine):

D20
D26

2,000 kg
2,000 kg

Flake Graphite (LYNX-Mine):

A~-15

1,000 kg

Determination of the Properties of all khaw Materials:
« Chemical Composition,
~ Mineralogical Composition,
« Microstructure,
Physical Properties:

=~ Density,

= Bulk Density
~ Litre-iass

Evaluation of the

Results




2. Preparation of Semiwproducts: SP-A and SP=B for Brigquetting

2.1 FPine milling of about 20 t of SP-A, and about 6 t of SP-B

2,2 Determination of Properties of finely miiled SP-A and SP-B
= Grain Size Distrioution
= Litre-liass

2.3 Evaluation of the Results

3. Production of Dense Briguettes, about 14 t of SP-A, and about 4 t SP-B

3.1 Choice of the operational cornditions for briquetting process

3.2 Determination of the green briquettes properties:
~ Bulk Density,
= Litre-lass

3.3 Determination of specific consumption figures:
w for finely milled SP-A
- for finely milled SP-B
= glectric emergy, etc.

3.4 Evaluation of the Results

4. Deadw~b in the briquettes in semi~industrial kiln
4,1 Choice of the operational conditions for dead-burning process

4,2 Regular Control of dead-burning process:
= Chemical Composition,
= Bulk Density

4.3 Production of 10-12 t of dead-burned magnesite DBM~A, and o 4 ¢
of deadeburned magnesite DBM-B
4.4 Determination of properties of DBl~A and DEM-B:
« Chemical Composition
= Mineralogical Composition
-~ Miorostructure
w» Size of periclase crystalls
= Physical properties:
= Density
= Bulk Density
Porosity
Grain Bulk Density
= Hydration Resistance




4.5

4.6

5.

Sel
S.2
5.3
5.4

5.9

5.6

5.7

6.

7.

Determination of Specific consumption figures:
= for briquettes
- for fuel

~ for electric energy

Evaluation of all results

Productiop of ebout 10-12 t of test bricks esite- esite-
chrome=, sand magnesismcarbopbricks) out of DEM-A

Preparation of components and batch mixing

Pressing of test bricks
Drying and/or tempering of test bricks
Firing of test bricks

Determination of properties of all three types of test bricks:
= Maoroscopic Appearance
= Chemical Compositiocn
- Mineralogical Composition
= Cold=crushing Stremgth
~ Apparent Porosity
= Refractoriness-under-Load
=~ Thermal Shock Resistance
~ Linear Expansion Coefficient

Determination of Specific consumption figures for:
~ Raw Materials
= Fuel
= Electric Energy

Evaluation of all results

Findings and Recommandations

Preparation of Final BReport (10 copies + Master Pages).

o g W g o, W g, =

Remark: The extension of the Progremme of Work, by including 6 t of

semi-produ.t WB® (SP-B), has been recommanded in order to e-
nable the determination of optimal operational conditions for:
a) dead-burning process for DBi-B, ani
b) stabilizing process for DBUM-BS,




7IMBABuWE GEPMAN GRAPHITE MINES (PRIVATE) LIMITED

p 0°BOX 203, KAROI

LARORATORY ASSAY BF SAMPLE

SAMPLE NO. 6 ce e ceoL - DATE +&3%081..
CONSTGNEE : Perparament of Meizlluray,.....

igr‘b’}pﬁ-tﬁo.q....I..l.....'.'.....

ggrare

'.....‘...'...‘I'..‘.l‘l‘....

GRARSITE SAMPLE:

1)

Flake 4 15

CARBON CONTENT:

90/92xC

€30 gr/ltr.
Sth Bage  1oto Bag

APP, DENSITY:

SIFTING ANALYSIS: : & 315 = 30.0 + 315 = 30.2
: + 200 = 44.8 + 200 = 43.4

+ 160 = 14.4 + 160 = 15.0

+ 100 = 10.4 + 100 = 11.0

- 100 = 0.4 - 100 = 0.4

GUANTITY APPR. 20 Bags

MARKING:

Yellow Paint

DESPTACHED ON:

PER : :
ATTENTION or; : My J.J.Bungu )
T0: L LYNX , ’

the -

GK

mmcz . .

CONSIGNEE : _ S
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