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CONCLUSIONS AND RECOMMANDATIONS

Conclusions

The semi-»roducts SP-2A and SP-B, as obtained from upcorading
calcined magnesite bv selective hydration method in Zimbab-
wean institutes, were used for these investigations. Tor the
detaills xindly consult UNIDO-Report No. DF/ZI7'/82/006, arch

1985.

Additional screening of the semi-nroduct SP-A (2.30 - 16 mm)
on 3 x 3 mm screen proved useful. The improved sermi-preduct
SP-A7 {3 - 16 mm), with Ca0 ccntent below 3 %, was obtained.
Reduction of lime content will enable use c¢f semi-nroduct
SP-A" for wrcducticn of higher cualit dead burned magnesite,

as well as magnesite bricks and macgnesite-chrome bricks.

To the semi-product SP-B (1.18 - 2.36 mm) fracticen 2.36 - 2.0
mr, as sieved out frcm the original semi-product SP-A, was

added. Thus, the semi-nroduct SP-B~ (1.18 -- 3 mm), now having
lower lime content (4.42 %), was obtained. This material, with
some additives, can be used for production of normal cuality

dead burned magnesite and magnesite bricks.

Applving the proposed method of beneficiation of raw magnesi-
te from Kadoma (calcining, selective hydration, and screening
1.18 mm and 3 mm screen, resvectively) the following recove-

ries of the semi-products and their lime contents were achie-

ved.

| Semi-product Fraction,mm Recovery Lime content,$%
: SpP-A~ -16 +3 35-40 2.5 ~ 3

| Sp-B” -3 +1.18 30-35 4 -5

» Tailinas -1.18 28-32 10 - 15

Ll

“Input =25 +0 100 6.75
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So, the tctal recoverv of both semi-rroducts, Sp- and SpP-B~

Ui
0
[
[ad

amounting up to a 70%, which can be considered as very good
for breccia-tvp2 raw naagnesite haviag high lime content, was

achieved.

B-- direct Zead burning of semi-products SP-47 under staticnary
conditions at the temperature of 1300°C, dead burned magnesite,
designated as DBI-AD, consistinag of licgh%t and dark aras agrains,
was obtainad. Within mineraloacical comnosition ¢f licht crains,
beside vericlase, the followinag silicates were found: forsteritc
(2Mg0.5102), monticelilite (CaO.WgO.SiO)}, mervinite (3Ca0. M0,
28102) and dicalcium silicate (2CaC.Si0n.,!. In dark zrav urains,
in addition to periclase, prevailinuly dicalciurm silicate and

a
some free lime were found.

With over 95% of NMg0O and bulk density ¢f 3.31 gy/cm?, this dead
burned mavnesite ranges to the highest cuality ones, nroduced of
natural magnesites. But, the main digadvantace

its rather inhomogeneous comrosition and wresence o° free lime,

causing low hydration resistence.

-

By additioral processing of semi-product spP-A7, trouvanh fine
milling, briquetting and dead burning, dead burned maunesite,

designed as DBM-A, was obtained.

Dead burning was performed under staticnary conditions at tempe-
ratures of 1700, 1800 and 1900°C. Increased temperature of dead
burning brought about bhetter characteristics of dead burned nro-
ducts. At the temperature of 1800°C, ob+tained dead kurned magnesite
had bulk density of 3.32 g/cm3 and average size of periclase
crystals of about 70 um. Chemical and mineralogical compositions
of this dead burned magnesite were homogeneous, MgQO content
high (96.13%) and free lime content very low (0.15%)., Mineralogi-
caly, this dead burned magnesite consists prevailingly of peri-
clase (MgO) and of dicalcium silicate (2CaO.Si02) and tricalcium
silicate (3CaO.SiOz). With Mg0O content of over 95%, bulk density
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~about 70 ym and apparent density of 3.25 g/:m3 were obtained.

- 2 » . -
of over 3.30 g/cm?and verv ccod hvdration resistance, the dead
burned macnesite DBM-A belongs tc¢ the highest crades, ovroduced

of natural magnesites.

Additioral processin.g cf semi-nroduct SP-B~ was achieved by fine
millince, b+ additions of iron oxide or Siuz, v bricuettine ana
by dead purnina. Dead bLurned magnesite obtairned with addition
of ircn coxicde was desicnated as DBM-BF and the other one, with

addition ¢f Sin as DBM-BS.

The ontained dead hurned magnesite, DBRN-BF, has shown homcye-
neous chemical and mineralogical comrositions, with ¢l content
of about J1%. Prericlase (Mc0) is the main constituent of 1its
mineralocical composition, and then come dicalcium silicate
(2CaO.Si02), tricalcium silicate (3CaO.Sioz) and dicalcium

ferrite (2CaO.Fe7D3). Hwdration resistance is verv cood.

By dead burninc at 1800°C mean size cf periclase crvstals of
about 100 um was obtained, as well as apparent dersity of

3.27 g/cmj. By fin2r millinag and by applving higher smecific
Pressure during briguetting, obtaining of apparent density of

3.30 q/cm3 is expected.

With these characteristics, this dead hurned magnesite ranges

to medium grades, produced of natural magnesites.

Dead burned magnesite DBM-ES, nroduced with addition of Sioz,
has the ccatent of MgO of 92.37% and beside basic mass of pe-
riclase, dicalcium silicate is also present. Its hydration re-

sistance is satisfactory.

By dead burning at 1800°C mean size of periclase crystals of

By finer milling and by applying higher specific pressure du-
ring briquetting, obtaining apparent density of 3.30 g/cm3 is
expected.

With these characteristics this dead burned maanesite belongs
to medium grades, produced aof natural magnesites.
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8.

7. On basis of dead burn>d magnesite DBM-A, magresite bricks were

"of dicalcium silicate was observed. Microstructure of this hLrick

produced and designatad as M-A, with !MgO content of 95.62%.
Mineralocical composition cof these hricks consists o:f wnericlase
{main constituent), dicalcium silicate and tricalcium silicate.
Ceramic hond is direct (periclase-periclase) or achieved bv
means of highly rerfractorv silicates, i.e. dicelcium and tri-
Calcium silicate. The bricks are of the followinc characteris-
tics: lcw porosity, cood arnparent density, satisfactory cold
crushing strenct’ , high refractcriness under lcad and verv

good thernial shock resistance.

On basis of the results cobtained for chemical and mineralocizal
compositions, microstructural characteristics and phvsical pro-
perties, it can be cencluded that maacnesite brick -A nelongs

tec the highest «race of this tvne, made of natural ragnesites.

Magnezite bricks desicnated with M-BF, having 92.1% of McO, were
produced of dead burned magnesite DRM-BF. Their mineralogical
comnosition consisted of: mericlase (main constituent), dical-
cium silicate, tricalcium silicate and dicalcium ferrite. These
bricks have shown low porosity, high aopparent density, good
cold crushing strength and excellent thermal shock resistance.
Refractoriness under load is also very oood, thouch some dical-
cium ferrite is nresent. This is due to predomimant effect of
highly refractoryv phases, i.e. periclase, dicalcium silicate
and tricalcium silicate. On basis of the results obtaired, the

bricks M~-BF belong to medium grade magnesite bricks.

On basis of dead burned magnesite DBM-BS, magnesite bricks
designated with M-BS, were produced, which contained 91.85% of
MgO. Beside the main constituent, nericlase, onlv the presence

shows that cerami~ bond is either direct (periclase-periclase),
or is achieved by means of dicalcium silicate. The bricks are
of somewhat higher porosity and lower apparent density. Cold
crushing strength is satisfactory. Very good refractoriness
under load was achieved.
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By adequate improvement of brick mixture composition, lower
porosity values, within usual limits (16-20%), and apvarent
density of 2.85 - 39/em3, could be achieved.

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

the bricks MB-S belong to medium cgrade magnesite bricks.

10. Taking the obtained results in consideration, it could be said
that in magnesite bricks I1-BF and M-BS, produced of correspon-
ding cualities of dead burned magnesites, i.e. DBMM-BF and

DBM-BS, high level cf free lime "stabilization" was achieved.

However, both methods of "stabilization", either byv adding
Pe203, or by adding Sioz, have their advantaces cr disadvanta-
ces, as far as effect on bricks nroperties is concerned. It
was concluded that the best results could be achieved with mix-
ture of both additives, in order to chemically bind free lime

durin¢ dead burning process.

11. Por prcocduction of magnesite-chrome bricks designated with MC-A,

the following starting materials were used:

- Dead burned magnesite DBII-A

- Lumpy chrome ore from Frances Mine, Zimbabwe
(Representativz samrle taken in July 1982) and

- Chrome ore concentrate from Mtoroshanga Mine, Zimbabwe

(Representative sample taken in Julv 1982).

Content of Cr203 in these bricks was 16.97%.

Microstructure of these bricks contained the following mineral
phases:nericlase, chromite, secondary chrome spinellides and
dicalcium silicate. Chemical bond was based either on direct
contact between periclase and chromite or on dicalcium silica-
te. The bricks had a satisfactory cold crushing strength, good
thermophysical properties, low porosity, good apparent density
and good thermal shock resistance.

On basis of the results obtained for chemical and mineralogical
compositions, structural characteristics and thermopnysical
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properties, it can be concluded that the obtained magnesite-

-chrome bricks !MC-A are of very good guality.

Generaly speaking, the resultas of laboratory scale investiga-
tions on the possibility of obtaining hich cquality dead burned
magnesite, magnesite bricks and magnesite-chrome bricks of

upgraded local macnesite, chrome ore and chrome ore concentra-

tes, are very nositive.

The obtained dead burned magnesite DBM-A, with properties of
highest quality nroducts, that can be produced of natural ma-
gnesites, can be used for production of magnesite bricks,
magnesite-carbon bricks and magnesite-chrome bricks, beloncing

also to the highest grade basic bricks.

The obtained maonesite test bricks and magnesite-chrome test
bricks, designates as: M-2, M=-BF, M-BS and MC-A, according to
their characteristics can compete with corresponding brick
grades usually used for lininc of industrial kilns and furna-
ces in steelmakinc, coprer production, cement industrv, and
the like.

Dead burned magnesite DBM-A, as well as magnesite bricks !-A,
and mahnesite-chrome bricks MC-A, by their characteristics
range to the hichest grade of basic refractories produced of
natural raw materials (magnesites). ' |

B. Recommandations

It is recommanded that carrying out of semi-industrial investi-
gations be done as soon as possible, as on lahoratory scale
-basic refractory products were obtained ranging by their nro-
perties to the highest grade basic refractories produced of
natural magnesites. The main aim of the nroposed semi~industrial
investigations is to avoid the risk of an unpleasant surpeise
of any kind and to get more reliable results for evaluation

of products quality in all phases of the production process.
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listed in Annex 3, that can be easily purchased with no much

= Collecting of representative samples of raw magnesite, chrome

This is suggested because conditions under which semi-industrial
investigations are to be carried out are much more similar to
those in actual industrial production. Process of calcining,

and particularly of dead burning, oucht to be done under dyna-
mic conditions, which is even more favourable for vroducts aqua-
lity.

Another important aim of semi-industrial investigations is to
provide relevant varameters, such as: specific consumption of
raw materials, additives, energy, etc., needed for FEASIBILITY
STUDY elaboration.

The last, but not the least imnortant aim of semi-industrlal
investigations is to produce aboul 10-12 tonnes of basic re-
fractory bkricks, which would be actuallv tested by their instal-
lment in industrial kilns and furnace- at potential consumers

plants in Africa.

Detailled Program of semi-industrial investigations is attac-

hed to this Report as Annex No. 2.

It is recommanded to carry out the proposed semi-industrial in-
vestigations in Zimbabwe to the ¢ =atest possible extent, de-

pending mostly on the existing ecuipment and on equipment

investment. Procurement of the equipment ought to be done in
due time, i.e. before beginning of investigations.

The first part . investigations, which is to be carried out
in Zimbabwe, comprises the following:

ore, chrome ore concentrate and flake graphite;

~ Determinestion of the characteristics of all representative
samples;

- Calcining of raw magnesite, and

- Upgrading of calcined material by the metchod of selective
hydration.
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- MARKETING ANALYSIS confirms the sale of 20,000 - 25,000 tonns

The second vart of investigations should be carried out in
Yugoslavia/Eurore, where it can be done more competently,
economically and in shorter time period. It should be born in
mind that 10-12 tonns of refractory bricks of highest grade

are going to be produced.

It is recommanded to adapt the existing semi-industrial rotarv

kiln, 10400 mm of lenght, in Eiffel Flats, near Kadoma, Zimbab-
we, and to orepare all other needed eauipment for execution of

the prooosed semi-industrial investigations. This alsoc to be

done before beginning of work.

It is recommanded that Government of Zimbabwe should further
exnlore market in the countries of SADCC and PTA and collect
additional information necessary for premaration of MARKETING

AMALYSIS for basic refractories.

It is recowumanded to GEOLOGOCAL SURVEY, Harare, to check and
confirm reserves of raw magnesite at Kadoma, with maximum of

1% of silica and 4% of lime.

It is recommanded to DEPARTMENT OF METALLURGY to employ some
new nersonnel to be trained as soon as possible as members of
counterpart team for work on this project.

It is recommanded to start with premarations for elaboration
of the FEASIBILITY STUDY for the potential basic refractories
plant in Zimbabwe, providing that:

- semi-industrial investigations solve successfully all techno-
logical oproblems;

of basic refractories per annum was ensured;

- GEOLOGICAL SURVEY, Harare, confirms existence of sufficient
magnesite ore reservs at Kadoma, meeting demands of noten-
tial basic refractories plant for 20-year operation.

It is recommanded to start with designing and preparing the
detailled plans and drawings for the basic refractories plant
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in Zimbabwe, after the FEASIBILITY STUDY had proved the project

economical.

9. It is recommanded to start the training of technical personnel,
during construction of the plant, in order to have them compe-

tent for work at this new basic refractories plant.

10. It is recommanded to assign sufficient number of experts from
the know-how supnlier for setting to work the potential basic
refractories plant. The exnerts should stay in Zimbabwe for
extended time period, as supervisors and instructors, also ta-

king care of personnel training on site.
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II. INTRODUCTIOCN

As there are big reserves of refractery chrome ore and raw
magnesite in Zimbabwe, one of primary tasks has been to de-
velope refractories industry in order to evoid import of re-
fractories. The starting basis should be nroduction of dead
burned magnesite of cuality suitable for the production of

all kinds of refractories.

At the requiestof Zimbabwean Government first help on realiza-
tion of this task has been given by Yougoslav Government,

and, later, by UNIDO. In this respect, preliminary studv was
made (1983) which »roved that avalilable chrome ore was sui-
table for production of all kinds of basic refractcries, while
raw magnesite could be used only for producticn of iferiour
grades. It was recommanded to continue investigations in

order to discover methods of beneficiation of local magensite
by reduction of high Ca0O content and enable production of all

qualities of basic refractories.

With this aim extensive laboratory investigations were perfor-
med in Zimbabwean institutes. At the begining of March 1985
the Technical Report was submited to UNIDO, the title of which
was

INVESTIGATIONS ON THE POSSIBILITY O BENEFICATING

OF LOCAL RAW MAGENSITE FOR THE PRODUCTION OF BASIC

REFRACTORIES (DP/ZIM/83/006).

For these investigations, representative sample of magnesite
from regular production of Kadoma Mine, was used. The sample
was of the following chemical comnosition:
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Loss on ignition . . . . . . . 50.23 &
5i0, < + . . . .. . o .. .. 0.60 %
A1203 B N R
Fe203 B s
Cald . . . ¢« ¢ + o . ¢ < < . . 3.40 %
MgO0 . . . . . . . o . . . . . 44,63 3

Grain size distribution . . . 3 - 25 mm.

The results of investigaticns in Zimbabwean institutes confir-
med that new method has been found as an innovation in the fi-
eld of beneficiatoion of raw kreccia tyre macnesites with nigh
Ca0 content, by which reduction of Ca0 content for over 202
was achieved and the following products obtained:

a) semi-product "&" with 3.26% of CaO; b) semi-product "B”

with 5.47% of Ca0 and <c¢) fraction with over 13. of CaC.

The applied methcd of magnesite beneficiation cornsisted of
precalcining, controlled wetting and soaking and, finaily,
screening on adecuate sieves. The method is very simnle; it
uses heat enercov develoned during the nrocess itself and does
not require qualified mannower. It also has comparatively low

processing and investment costs.

The upgraded product is expected to, as semi-nroduct "A", era-
ble production of 95% MgO dead burned magnesite .and as semi-
-product "B", production of dead burned magnesite of normal
quality. This was to be checked by second phase of laboratory
investigations.

.

Due to lack of adequate equipment in Zimbabwean institutes,

- the second phase continued in Magnohrom Institute in Kraljevo.

These investigations included:

- additional determination of characteristics of the semi-oro-
ducts "A" and "B";

- production of "A" and "B" grades of dead burned magnesite
with determination of their characteristics, and
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- production of magnesite and magnesite-chrome bricks with
determination of their characteriscics.

Detailed program of the investigations performed at the Insti-
tute in Kraljevo is enclosed with this Report, as Annexe No 1.
Realization of all previous investigations on this project was
enabled by participations of the following partners:

UNTDC (UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZA-
TION), Vienna

MINISTRY OF MINES, Harare, Zimbabwe

SOLIDARITY FUND OF FEDERAL EXECUTIVE COUNCIL, Beograd
REPUBLIC DEPARTMENT FOR INTERNATIONAL SCIENTIFIC, EDUCA-
TIONAL-CULTURAL AND TECHNICAL OOCPERATION OF SERBIA, Beograd
YUGOSLAV BANK FOR INTERNATIONAL ECONOMIC COOPERATIOCN,
Beograd and

MAGNOHROM, Kralijevo.
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III. CHARACTERISTICS DETERMINATION ON
CALCIHED BENEFICIATED MAGNESITE

The samples of calcined Lkeneficiated magnesite of semi-products
"A" and "B", produced by procedure of selective hydration in

Zimbabwean institutes, were transported to Magnohrom Institute
at Kraljevo for further investigations. Designations and cuan-

tities are given on table 1.

Table 1.
Details of semi-products samples
Designation Class Quantity
SP-A -16+2.36 mm 120 kgs
Sp-B -2.36+1.18 mm 51 kgs

On these samples giain size distribution and chemical comno-
sition were determined, and the results obtained are given
on tables 2 and 3.

Table 2.
Sieve analysis of samples SP-A and SP-B
Class (mm) SP-A (%) SP-B.(%)
+16 2.52
-16 +10 9.03
-10 +5 33.19
-5 +3 26.06
-3 42 17.50 8.20
-2 +1 6.70 68.40
-1 5.00 23.40
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Table 3.

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

- —

| Sample Class Ign. Si0, Al,0y Fe,0, Ca0 MgO |

. design.  (mm) loss % % 3 3 % f
SP-A -16+2.36 5.88 0.70 0.14  0.15 3.6 89.97 .
SP-B -2.36+1.18 6.51 0.65 0.12 0.14 4.56 88.034j

The results of grain size distribution of the SP-A sample
show that after three months of storage and by transportation
and by handling, some additional comminution occured. To
check the Ca0 content of various classes, chemical analvses

were dcne and the results obtained rresented at table 4.

Table 4.
Chemical composition of the SP-A sample per classes in %
.[ L
Sample Class Ign. 5i0, Al,0; Fe,0, Ca0 MNgO |
design. (mm) loss % ) % % 2 ;
3
16 + 3 5.58 0.63 0.10 0.16 2.84 90.24 '
| SP-A -3+2 6,50 0.72 0.14 0.13 3.25 89.26 (
: -2 7.10 0.85 0.15 0.12 4.04 87.74 ;

i I

Chemical composition found in the SP~A samnle per classes
shows that by screeneng on 3 mm sieve the -16+3mm class
can be obtained with CaO content under 3%.

The 2.36~3 mm class contains 3-4% of Ca0O and therefore can
be added to semi-product SP-B and improve its cquality.
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B. Characteristics of the samples SP-A° and SP-B~°

obtained after screening on 3 mm sieve

Table 5.

determinations were made:

Samples of semi-product after screening on 3 mm sieve were
marked with SP-A~ and SP-B”°. On these samvles the following
grain size distribution (Table 5),
chemical composition (Table 6), mineralocical composition and
differential thermal analysis (DTA).

Sieve analysis of samples SP-A” aad SP-B~

~
, Class (mm) SP-A "~ (%) SP-B” (%)
? +16 0.54
-16+10 9.00 j
#-1o+5 48.00 :
| =543 35.46 |
I i
t =342 7.00 17.96 :
-2+1 66.38 :
-1 15.66 ;
[
Table 6. .
Chemical composition of the samples SP-A” and SP-B~
Samples Class Ign. SiO Al,0 Fe,0 Ca Mg0 B,0
(mm) loss % 2 ] 273 ] 273 $- % %2 3
sp-a- -16+3  5.94 0.63 0.10 0.16 2.84 90.33 0.016
ﬁEfB’ -3+1.18 6.61 0.87 0.12 0.18 4.42 87.80 0.02

Mineralogical composition_of semi-products SP-A”_and SP-B’

Mineralogical composition was determined on X-Ray diffracto-
meter. On X~Ray patterns, figures 1 and 2, the following mi-
nerals were registered (Table 7):
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Table 7.

Mineralogical composition of samples

SP-A"° SP-B~
Periclase Periclase !
Brucite Brucite ;
. Portlantide Portlantide 3
Calcium silicates Calcium silicates
cao f

sist mainly of periclase (Mg0O), that during selective
process Ca0O mainly changed into Portlantide (Ca(OH)j),

product there was some bigger quantity of Portlantide.

These investigations show that the semi-products obtained con-

that some of MgO changed into Brucite (Mg(OH)Z). In SP-B~-

hydration
and
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Figure 1. X-Ray pattern of semi-product SP-A~




- 0
3yren | e 23

REFRACTORIES INSTITUTE Year:1986

Mmuﬂ e KRALJEVO « JUGOSLAVIA

Em T T - T H . 1 ,
1 : ' : i
i b ; !. ' P
: i i ' . i~
RS -l
| - | . X
! Ve ; : i N
i B . 1
' ! . i
B v ' . L3
| . : ! . ¥
L. v : . i §
R ' i
s ]
1 : . ) \
i
- |

P - PERICLASE
2 8 - BRUCI rE
}

PT PORTLANDI T E
CS CALCIUM SILICATE
C Ca0 ,

U VU SV VG Uy OSSOy

1 .

91
76

‘ S
a8 : N
i ff I

Figure 2. X~-Ray pattern of semi-product SP-B~
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'In order to determine changes on semi-oroducts A° and B~

that occur on heating to 1000°C, differential thermal analyses
were done. Aparatusof Gebriider Netsch, having capacity of

10 K/min and maximum sensitivity of differential galvanometer
of 0.06 mV/mm,was used. Investigations were done in air.

oA -a1.0

273
re 3) differential thermal curves with two endothermic peaks

was used as standard sample. On the thermogram (figu-

are given.

The first one, on 380°C,corresponds to dissociation of:
Mg (OH) , ———~ g0 + H,0.

The other one,at-480°C,corresponds to dissociation of:

Ca(OH)2 — Cal + HZO'

The peaks corresponding to dissociation of Mg(OH)2 are of
similar intensity, while the peak corresponding to dissocia-
tion of Ca(OH)2 is considerably bigger for semi-product B~.
This is in accordance with chemical and mineralogical composi-

tions of products A and B”.
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1. Mg(OH)y—=MgO0+ Hy0
2. CafOH)p—=Ca0+ Hx0

SP-A’

..-——,-\ f SP-B'_.

100 500 1000 °C

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

By determining chemical composition of semi-products SP-A
(2.36-16 mm) and SP-B (1.18-2.36 mm) good agreement of results
was obtained with those of investigations done in Zimbabwean
institutes. Only on composite sample SP-B 4.56% of CaO was
obtained instead of 5.15%, which was the mean value of inves-
tigation on several small samples. The difference occured due
to sampling and partially due to investigation methods applied.

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

3 mm sieve proved useful. Semi-product SP-A” was obtained

(3-16 mm) with less than 3% of CaO. This level of CaO is to
enable production of high grade dead burned magnesite, suitable
for production of quality magnesite and magnesite-chrome bricks.
Calcined upgraded magnesite, grade SP-B” (1.18-3 mm), is to ena-
ble production of dead burned magnesite of normal quality, i.e.
for production of magensite bricks.

By beneficiation of magnesite from Kadoma Mine by selective
hydration and by screening on 1.18 and 3 mm screens recoveries
and Ca0 contents are obtained, such as given in Table 8.

Table 8.
Efficiency and CaO content in product of magnesite
- beneficiation

Products Class (mm) Efficiency (%) Ca0 content (%)
SP~-A~ -16+43 35-40 2.5-3

Sp-B° -3+1.18 30-35 4-5.5

Reject -1.18 28-32 10~15

Input: -25+40 100 6.75
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The results shown on Table 8 come from the results given in the
Report: Investigations on the possibility of beneficating of lo-
cal raw magnesite for the obroduction of basic refractories, tables
21 and 22,and are based on these additional investigations of the

seri-products X2 and B, given in tables 2, 4 and 6.

Starting from input calcined magnesite, efficiency through semi-
-products A nad B is about 70%, which is considered high for

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

A. Production

The semi-product SP-A has a favourable grain size and lower CaO
content so that tests of direct dead burning were done under sta-
tionary conditions. For dead burning a laboratory bell kiln was
used and fired with a mixture of propane-butane and could reach
2200°C. On temperatures up to 1600°C air is used for compustion,

and over 1600°C oxXygen is used.

Samples were put into magnesite dishes and fired at 1800°C during

two hours.

B. Determination of AD dead burned
magnesite characteristics

After firing and ccoling, determination of characteristics was
done, i.e. macrospopic appearance, grain size distribution (Table
9), chemical composition (Table 10), mineralogical composition

and physical properties (Table 11).

Macroscopis appearance

The obtained AD dead burned magnesite is of appearance typical
for dead burned magnesites obtained of natural magnésites. It
consists of light and dark gray grains of irregular shape. About
60% of grains are of light color. External appearance of grain,
as well as fracure, indicate that material was well dead burned.

Table 9.
Grain size distribution
of dead burned magnesite (DBM-AD)

-16 +10 mm 6.06 %
-10 + 6 mm 23.47 %
~ 6 + 4 mm 32,07 %
-4 + 2 mm 36.49 %
- 2 mm 1.91 ¢ .
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Table 10.

Chemical composition of dead burned magnesite, AD, %

-
rﬁ Ign. SiO2 A1203 Fe203 cao MgO Free Cal0'!
i loss 3 3 3 % % 3

- Light colcur

grains 0.32 0.65 0.11 0.10 2.36 96.46 0.51
" Dark gray 06.54 0.70 0.21 0.20 2.98 95.37 0.79
grains
~AD, Total: 0.32 0.70 0.16 0.19 2.76 95.87 0.74

Mineralogical investigations

Mineralogical investigations of dead burned magnesite within
this work were done in polarizytion microscope and by X-Ray
diffraction method.

For microscopic investigations reflected light preparations were
made. Polishing of preparate surfaces was done on STRUERS AP-2

device (Denmark), and as a nolishing means suspensions of Al.0

2
were used. Investigations were done in polarization microscope
PHOTOMIKROSKOP-III, produced by OPTON (ZEISS), West Germany.

Micro photographing of characteristic spots on preparates was done

3

by a camera in microscope body, with a Black-and-White Negative
film ORWO-NP22 (East Germany).

X-Ray examinations were done with X-Ray diffraction avparatus
PHILTPS PW 1009/3.Investigations were done with X-Ray tube with
Cu and Co anode, with 40 kV and 20 mA. For copper tube Ni filter
was used, and for cobalt cube Pe filter was used. Diffractometric
method was applied and reflections were registered on diffracto-

(o]

mefer PW 1051. Rate of goniometer movement was 2Q = 1~ a minute,

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

On reflected light preparations of dead burned magnesite AD,
rather big unhomogenity was observed both in periclase crystal
size and sort, quantity and distribution of silicates.
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With most dead burned magnesite grains, dimensions of periclase
crystals range from 80 to 100 um (figure 4). However, in grains
with increased content of silicates pnericlase crystals dimensions
are about 50 um (figure 5). In dead burned magnesite grains con-
tain small guantity of slicates, bond among periclase grains is
achieved mainlyv by direct contacts (see figure 4). In cases when

in grains or in some their portions greater qguantities of silica-

tes are present, periclase crystals are bonded by silicates (figu-
res 5, 6 and 7). The presence of different silicates was observed:
Forsterite (ZMgO-SiOZ), Monticellite (CaO-MgO-SiOz), tervinite
(3CaO-MgO-ZSi02)and dicalcijum silicate (2CaO-SiOZ). 0Of these sili-
cates, dicalcium silicate is most frequently pnresent (figures 5

and 7). lMajority of these silicates was identified by X-Ray Dif-
fraction as well (figure 8). In some magnesite grains free Ca0 is
present which is involved in hydrationprocess to great extent, and
Portlantide mineral was formed (Ca(OH)2). Calcium silicates and
free Ca0 are present in dark grav dead burned magnesite ¢rains.

It was not nossible to identify iron minerals in these crains

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

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

Pores are present in comparatively small quantity and they are
nredominantly of isometric shapes. Irregular cracks are observed
some of which are filled with smaller or greater quantity of sili-
cates.
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Figure 4.

Microphotogranh of AD dead burned magnesite
Reflected light
Enlarged 100 x
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Figure 5. Micronhotograph of AD d.b.meganesite
Dark magnesite grain was taken. Dicalcium
silicate is between nericlase crystals;
clustered dark crystals in the middle are
free calcium oxide; reflected light prena-
ration; enlargement 100 x
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Figure 6. Microphotograph of light AD d.b. magnesite
grain; magnesite grain with cilicate mainly
in form of Mervinite was taken; reflected
light preparation: enlargement 100 x

Figure 7. Microphotograph of light AD d.b. magensite
grains;magnesite grain with dicalcium sili-

cate was taken; reflected light preparation;
enlargement 100 x
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Figure 8.
X-Ray pattern of AD dead burned magnesite
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Table 11.

Physical prcperties of AD dead burned magnesite

"Density . . . + « . . . . . 3.56 g/cm3
Apparent density . . . . . 3.31 g/cm3
Porosity . . . . « « « . . 171.58 %

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

Density was determined according to JUS B. D8.311, and hvdration
was determined according to an internal “agnohrom methode, kased
on AST™M C544-68.

In order to determine macroscopic chances, the sample was sub-

jected to vanour influence during 15 hours on atmosoheric pres-
sure. Appearance of AD dead burned maqgnesite after this testing
was presented on figure 9. It was observed that at certain num-

ber of grav grains desintegration occured, while white grains
remained unchanged.

Figure 9. Appearance o:f AD dead burned magnesite
i t
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C. Duscussion of results

By direct dead burning of semi-nproduct SP-A dead burned magnesi-
te AD was obtained, consisting of light and dark-grav irrecular

shaped grains.

By its chemical commosition, with over 95% of *gO it ranges
into high arade natural dead burned magnesites. Its disadvan-
tages are rather heterogeneous composition, causing presence
of 0.74% of free Ca0. Because of hydration tendency, this free
Ca0 can cause fcrmation of cracks during production - on brick
drying. Hydration tendency is evident onlv in some dark-gray

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

Microstructural investigations show that on firing at 1800°¢C
good degree of dead burning was obtained. In majorirv of d.b.
magnesite grains periclase crystals size is 80-100 um. Only some
grains, having increased —ontent of silicates, have vericlase
crystals size of about 50 um. In lighter coloured grains, in
addition to periclase, foréterite, monticellite, mervinite and
dicalcium silicate are also present, Indark d.b. magnesite grains,
beside periclase, dicalcium silicate and free Ca0 are mainly

present.

This d.b. magnesite has a density which is tipical for this
sort of material, and good apparent density is also achieved
(3.31 g/cm3).

By direct dead burning of semi-product SP-A, dead burned magnesi-
te AD of good quality was obtained. Its only disadvantage is
heterogeneous composition, as well as high Ca0/$10, ratio,
3.9, cvontaining therefore about 0.7% of free CaO.
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V. PRODUCTION OF DEAD BURNED MAGNESITE BY
MILLING-BRIQUETTING-DEAD BURNING PROCEDURE

By direct dead burning of semi-product SP-A~, dead burned magne-
site was produced (DBM-AD) with high !MgO content, but of rather
heterogeneous composition and there are white and dark gray gra-
ins. The white grains, in addition to nericlase (ligO), contain
certain quantity of silicates, such as: Monticellite (CaO-ligO.
Sioz), Mervinite (3Ca0-Mg(0-2S8i02) and dicalcium silicate (2Ca0-
SiOz) .

In dark cgray grains, in addition to periclase, dicalcium silica-
te and free Cal0 are mainlv oresent. Because of such heterocgeneous
cemnosition, such technolcoical nrocedure should be applied

which enables obtaining of dead hurned magnesite “f 1more even

chemical and mineralogical composition.

The most efficient technological procedure for obtaining uniform
chemical and mineralogical comnosition of dead burned magnesite
is the procedure comprising milling, briquetting and dead burning
at high temperatures. By this procedure , all phases are enabled
to get in direct contact among themselves, and to react among
themselves during dead burning, resulting in stable, highly re-
fratory phases. With semi-product SP-A°, this procedure is to
enable nroduction of dead burned magnesite (DB!i-A) which would
primarily contsist of highly refractory periclase (}g0) mine-
rals and of dicalcium silicates. The melting noints of these mi-
nerals are 2800°C and 2130°C, respectively.

The semi-product SP-B” is of a smaller size and with considerably
higher content of Ca0o, and a stable dead burned magnesite (DBM~B)
can be produced of it only by a procedure of fine milling with
addition of Sio2 and Fe203 , then briquetting and dead burning.

By such technological procedure requlation of mineralogical com=-
position is enabled in semi-nroduct SP-B~, adding other oxydes
which will, first of all, bind the free CaO.
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For binding extra Ca0O in dead burned magnesite DBM-B, iron oxide
and 8102 were used, and the resultinc d.b. magnesites bear the
following designations: DBM-BF and DB!M-BS.

Characteristics of dead burned magnesite obtained by this proce-
dure are, in addition to chemical and mineralogical compositicn,
areatly influenced by particle size, oressure of briquettes pres-
sing and dead burning temperature. To each of these factors, due
attention was paid within technological procedure of production
of d.b. magnesites DBM-A, DBM~F, DBM-BF and DBM-ES.

- ——— - — —— e - - - D gy T G - - - - — T > - — - ———

Particle size, particle shape and distribution are important
factors on brigquetting and dead burning of briguettes made of
fine milled material. These values influence the main characte-
ristics of 4.b. magnesite, such as: apparent density, size and
distribution of pores and periclase crystals growth. Particle si-
Ze is reduced by millincg; specific surface is increased at the
same time and, bv that,surfice energy also, which is an additio-
nal driving power for dead burning process.

For obtaining d.b. magnesites DBM-A, DBM-BF and DB!M-BS, semi-pro-
ducts SP-A” and SP-B” weremilled in a laboratory mill with steel
balls, having volume of 36 liters, in a closed system, with no
continuous discharge of already finished (milled) portion. The
aim of milling was to obtain powder under 100 aum. Semi-product
SP-A” was milled without additions, and to the semi-product

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

fine guartz sand in another. The obtained grain size distribution,
after milling, is presented in table 12.
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Table 12

Grain size distribution of the samples
SP-A", SP-B°F and SP-B’S after milling

Class (mm) SP-A " SP=-BF SP-B°S

+ 0.1 6.71 4.82 5.57 (3)
-0.1 +0.063 | 10.55 10.76 7.82 (3)
-0.063 82.73 84.42 86.47 (%)

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

of 2.5% of iron oxide.

The SP-B’S is the semi-product of the SP-B~ with the addition
of 1.5% of Sioz.
On these powders, beside grain size distribution, packing mass

and specific surface were alsc determined. These values are gi-

ven on table 13.

Table 13

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

- SP-A” SP-BF SP-B“S
Specific surface 8.38 9.24 8.92
(m2/9)
Packing mass 1.061 1.121 1.161
(g/cm3)

To check the effect of particle size of milled calcined magne-
site on d.b. magnesite characteristics, some quantity of the
semi-product SP-A” was milled in vybro mill to under 40 um.
This sample (*SP-A°) was separately briquetted, dead burned and
characteristics of d.b. magnesite obtained were examined.
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Behaviour of material on dead burning and characteristics of

d.b. magnesite are also influenced by vressure of pressing du-

ring briguetting. With increase cf pressure of pressing, apnarent

density of green presslings (pressed bodies) also increases,
shrinking on firing reduces and aonnarent density of fired bri-

Juetts increases. '

On briquetts pressing machine briquettes were made of fine mil-
led semi-products SP-A", SP-B'F and SP-B°S. Quantity of material
available was not sufficient to perform this omeration on semi-in-
dustrial pressing machine made by Kbnpern, with capacity 1t/h,
specific pressure up to 80 KN/cm, and small laboratory pressing
machine was used, vproduced by Hutt, with srecific wvressure of
30 KN/cm, Briaquetting was done without addition of binder, by mul-
tivle passing through the machine, bhecause of low specific pressu~
re, on first rassing throuch of material , it was not rossible
to obtain compact briquettes. On passinc material through nressing
machine certain compacting takes place, i.e. one portion is formed
inteo big particles and grain size distribution of starting powder
is changed. By multiple passing bricuettes of desired shape and
hardness are obtained. This was how satisfactory percentage of

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

A portion of semi-product SP-A”, which was milled to upper limit
size of 100 um, and a portion of semi-product*SP-A’, milled to
upper limit size of 40 jum, were briquetted on laboratory briquette
pressing machine with specific pressure of 50 KN/cm. This time
material was passed through the machine three times. Apparent
densities of "green" briquettes obtained,determined in alcohol,
are given in table 14,

All of the briquetting done at room temnerature.
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Table 14
Avparent densities of green briquettes
SP-A”°, *SP-A°, SP-B'T and SP-B°S

Samnle Grain size Pressure Number of Apparent density
design. distribution  (KN/cm) passings (a¢/cm3)
(pm) through

SP-A~ 100 30 6 2.37

SP-A" 100 50 2 2.41

*SP-A~ 40 50 3 2.44

SP-B°F 100 30 6 2.36

SP-B°S 100 30 6 2.37

The obtained values for apparent density of green briquetties
show the influence of upper limit size of powder and influence

of specific pressing pressure.

C. Samnles dead burning

s e - ———— ——— - =

DBM-A, DBIM-BF and DBM-B3

Dead burning is a process of densification of porous body on high
temperatures, in which porosity of pressed body is reduced toge-
ther with dimensions reduction and mechanical hardness increas-
ment.

A mixture of iron oxide was added to semi-product SP~B” with the
aim to bind free Ca0 into a stable compound. Besides, in oxvdizing
atmosphere, trivalent ion of Fe promotes dead burning and recrys-
tallization of periclase. The added SiO2 is to hind excess CaO

and to take it over into a stable, highly refractory dicalcium
silicate and by that to contribute higher density and resistance
to hydration of briquettes, commaring to the briquettes contai-
ning free CaoO.

To obtain dead burned magnesite of satisfactory apparent density,
porosity and crystallization, the producead briquettes of such
chemical composition have to be dead burned on the temperature
over 1700°C. Dead burning of briquettes was done in laboratory
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bell kiln, under stationary conditions, on temperature up to
1900°C.

Briquettes were put into magnesite dishes and introduced into
cold kiln. DBM-2A and DBM~F bricuettes are test dead hurned on
1700, 1800 and 1900°C. As the obtained characteristics of DBM-A
and DBM-BF at 18000C are satisfactory, and only slightly better
at 19000C, it was decided to treat the rest of the briquettes
and all DMB-BS ones, at 1800°C. Holding time at maximum temnera-
ture was 2 hours.

D. Determination d.b. maonesite characteristics

DBM-2A, DBM-BF and bBM-BS

After stationary dead hurning and cooling, determination of cha-
racteristics of d.b. magnesite obtained {(DB!-A, DB:-BF and DBEM-BS)

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

investigations and vhvsical rroperties (Table 16).

Macroscopic view of briquettes DBM-A, DBM-BF and DBM-BS, after

dead burning at 1800°C is presented at figure 10.

Pigure 10. Macroscopic view of d.b. magnesites
DBM-A, DBM-BF and DBM-BS after dead
burning at 1800°C




(4
,vm e | Page: 43

ES ":er STITUTE | Year:1986

M@m@m « KRALJEVO « JUGOSLAVIA

Table 15.

Chemical ccmposition of d.b. magnesites
DBM-A, DBM-BF andé DBM-BS (in %) ‘

+- T T
Design.| Loss on !SiOq Al,05 Fep04 Ca0 |MgO 8203 Free (a0
igniticn <
i
’ _
DBM-2A 0.23 ‘0.68 0.12 0.20 2.62i906.13! 0.02} 0.15 :
: ]
DBM-BTr ; 0.34 10.83 D.14 2.80 4.94190.93; 0.021 0.19
DBH-BS | 0.22 52.17 0.2 'Lo.19 4.81092.37] 0.02] 0.10

DBM-AY, D3M-BF_and DB!-BS

DBM-A Bricquettes

————————— D e ——— —

Mineralogical investications of these bricuettes, as well as the
other ones within this work, were done in polarysation microsco-

pe and by X-Rav diffraction method.

The DBM-A bricuettes were fired on 1700, 1800 and 1900°C. Dimen-
sions of nericlase crystals in bricuettes that were fired at 1700
OC are about 55 pm (figure 11). With increase of firing tempera-
ture, crystals dimensions also increase, so that after firing at
1800°C thea are about 70 um (figure 12). After firing at 1900°C
crystal dimensions were not changed much; the measured increase

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

By increasing temperature of briquette firing, number of pores

is reduced or pores are enlarged by joining. After firing at
1900°C majority of pores have dimensions similar to dimensions
of some periclase crvstals (figure 13). On basis of these inves-
tigations it could be stated that, disregarding firing tempera-
ture, total quantity of pores is not big and it does not change
much with increasment of firing temperature.
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In all briquettes, regardless the temperatures of firing, calcium

silicates are prescant - dicalcium silicate and tricalcium silica-
te. The silicates are present in small qunatities and are rather
evenly distributed between periclase crystals. Their presence

was determined by X-Ray investigations (figure 14). On separate
spots, very rearly, after formation of silicates, very small

auantity of retained free Ca0 was discovered.

Figure 11. Microphotogranh of DBII-A briquette
after firing at 1700°C; reflected
light; enlargement 100 x
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Figure 12. Microphotograrh of DBM-2A briquette after
firing at 1800°0C; reflected light;
enlargement 100 x

Figure 13. Microphotograph of DBM-A briquette after
firing at 19009C; reflected light;
enlargement 100 x
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Figure 14. X-Ray pattern of DBM-A briquette
after firing at 18000C
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DBM-A* Beiquettes

Briquettes of this designation were nroduced of the same materi-
al as DBI-A briquettes. DBM-A* briguettes were obtained by pres-
sing of fine rowdered materijal (<40 um) under the pressure of
50 KN/cm and were fired at the temperature of 1800°C. Dimensions

of periclase crystals are about 75 um ‘figure 13).

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

By inspection of large number of microscopic nrenatares of this
briquette it was stated that guantity of pores is somewhat smal-
ler compared to DBM~A briguettes. In DBM~A* briquettes compara-
tively smaller quantity of silicates is present which are there-
fore difficult to recognize by microscope.
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Dicalcium silicate and tricalciumsilicate are present. These sili-
Cates are among periclase crystals, most frequently in spaces

where three periclase crvstals meet.

In briquettes DBM-A and DB!N-A* bond between periclase crvstals

is predominantly direct, nericlase-vericlase.

These hriquettes were fired at 1700, 1800 and 1900°C. After firing
at 17000C dimensions of periclase crystals were about 60 pm (fi-
gure 16). With the increase of temmerature of firing considerable
increase of periclase crystals dimensions occured, so that after firing
at 13000C dimensions of these crystals already were about 100 pm
(figure 17). After firing at 1900°C periclase crystals dimensions
are about 110 um (figure 18).

On basis of these results it could be said that addition of iron
oxXide into briguettes greatly promoted the process of dead bur-
ning, especially at the temperatures of 18000C and 1900°C. During
dead burning, with increase of temperature enlargement of pores

by joining occured in briquettes,but we can not say that dead bur-
ning processes at high temperatures caused shrinkage of total
volume of pores (figures 16, 17 and 18).

In microscopic preparation and by X-Ray investigations as well
(figure 19), the presence of periclase, tricalcijum silicate,
dicalcium silicate and dicalcium ferrite was discovered. By these
methods the presence of free Ca0 was not observed. Silicates and
dicalcium ferrite fill interspaces of periclase crystals binding
them in that way. However, at meny places direct bond periclase-
-periclase was observed.

On basis of this mineralogical composition it can be stated that
addition of iron oxide in reaction with free Ca0O formed dicalcium
ferrite and that, because of this reaction instead of tricalcium
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silicate only, silicate association was formed of tricalcium and
dicalcium silicates in briquettes. However, the most important

part of these reactions is that iron oxide, binding itself to the
free CaO, enabled that, after firing, only negligible content of

free Ca0 remained in bricuettes.

Figure 16. Microphotogravh of DBM-BF briquettes after
firing at 17000C; reflected light;
enlargement 100 x
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Tigure 17. Microphotograph of DBM~-BF briguettes
after firing at 18000C; reflected loght;
enlargement 100 x

Figure 18. Microphotogra * . DBM-BF hriquettes
after firing at 1900°C; reflected light;
enlargement 100 x

’
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DBM-B5 Briquettes

- — - — — o - ———

These briquettes were chtained by firing green briquettes at 1800
©C. Into this mixture 1.5% of finely powdered quartz (SiOz) was
added in order to bind free CaoO.

In microscopic preparations it was found that periclase crvstals
dimensions are about 70 am (figure 20). Volume of pores, their

shapes, dimensions and distribution are similar to those of DBM-
-BF bricuettes, Dimensions of coarser pores are similar do those

of vericlase crvstals.

By microscopic examination (figure 20) and by methcd of X-Ray dif-
raction (figure 21) oresence of prericlase and dicalcium silica-
tes in briquettes was observed. By these methods nresence of free
Ca0 was not observed. Dicalcium silicate is found among periclase
crystals having a roll of highly refracteocry ceramic bond. However,
bond amoi:g numerous periclase crvstals is direct, i.e. it is achi-

eved by direct contact periclase-vericlase.

By such mineralogical composition it can be concluded that at fi-
ring temperatures intensive reaction occured between the added
quartz and the free CaO. Addition of quartz reduced CaO/SiO2
ratio in bricuettes, and dicalcium silicate was formed in the

mentioned reaction.
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Figure 20. Microphotograph of dead burned magnesite

DBM-BS after firing at 18000C;
reflected light;
enlargement 100 x




. /)
S W iinn

Page: 53
REFRACTORIES INSTITUTE Year:1986
MACNIORIROM . «ravsevo. sucostavia

i

P—- PERICLASE ‘
C25 - DICALCIUM SILICATE

2.10 v

243 o

i
i
1
i
[
!
]
|
H
i
!

2

Figure 21. X~-Ray pattern of DBM-BS briquettes

i |
o2k
t

after firing at 1800°C




JwEn s

REFRACTCRIES INSTITUTE Year:198

Mm@m « KRALJEVO « JUGOSLAVIA

Table 16

Physical pronerties of d.b. magnesite DBil-A burned
at 1700, 1800 and 1900°C and DBM-BF and DBM-BS burned

at 18000C fe) !
1700°C 1800°C 1800°C  19G0OC 1800°C 1800°C

I T

! DBM-A  DBM-A  DBM-A*  DBM-A  DBM-BF  DBN-BS |

Density  3.53  3.54  3.55 3.55  3.57 3.54

(g/cm3) |

Aoparent  3.27 3.32 3.37 3.33 3.27 3.25

}density

i(g/cm3) :

Porosity,% 7.36 6.21 5.07 6.20 8.40 8.19 %

Hydration, 5.70 4.53 2.52 4.81 1.94 2.68

‘% (autoclav,

0.6 bar)

NBM-A* = Milling to - 40 um and pressing at 50 KN/cm

Macroscipic view of briquettes after testing of subjectiocn to
water vapour during 16 h at atmosrheric pressure, is nresented

at figure 22.

FPigure 22, Macroscopic view of d.b. magnesite
DBM~A, DBM-BF and DBil-BS after
hydration test
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E. DISCUSSION OF RESULTS

The main aim of treatment of semi-pbrocduct SP-A~ into dead
burned magnesite (DBM-A) bv a nrocedure of fine milling, bri-
cuetting and dead burning was obtaining of dead burned magne-
site of homogeneous chemical and mineralogical cocmpositions

and good nhysical properties.

The rrocedure apnlied enabled fine narticles of Ca0® to come
20 Fep0;
and A1203, but primarily with Sioz, and to form stable refrac~

into contact with other comnounds, carriers cf SiO

tory compounds.
The obtained d.b. magnesite , NBM-2A, is homogeneous, with hich
MgO content (96.13%) and low free Ca0O content (0.153%). Resis-

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

Mineralogical investigations showed that in this d.b. magnesite
highly refractory minerals were nresent, such as: periclase
(1ig0), dicalcium silicate (2CaO.SiOZ) and tricalcium silicate
(3Ca0-SiOz). By inspecting microstructure of briquettes fired
at 1700, 1800 i 19009C it was found that corresvonding mean
sizes of periclase'crystals of about 55, 77 and 90 pm, respec-
tively. It means that at 18009C satisfactoryv degree of dead
burning was already obtained.

D.B. magnesite (DB!"-A) was obtained by bricuetting at specific
pressure of 30 KN/cm and burned at 1800°C. It has good appa-
rent density of 3.32 g/cm3.When fineness of millingwas increa-
sed and snecific pressure as well, to 55 KN/cm, dead burned

~magnesite (DBM-A* was obtained with very good apparent density
- 3.37 g/cm>.
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The results obtained show that with d.b. magnesite DBM-A
main aim was achieved and material of homogeneous chemical
and mineralogical composition nroduced having good phavsical

pronerties as well.

With Mg0O content of slightly over 95% and apparent densitv cf
3.37 g/cm3 this d.b. magnesite belongs to the hich grade cnes,

obtained by natural magnesites processing.

As the semi-product SP-B“is of a finner grain size distribution
and with higher CaO content, obtaining of more stable d.b. mag-
nesite DBM-B is possible only by apnlving the nrocedure of

fine milling,adding of suitable aditives, homogenization,
bricuetting and dead hurning.

Because of higher Ca0O content and unfavourable CaO/SiOZ, A1203

and Fe,05 ratios, it is necessary to add iron oxides or 5102
during homogenization process, in order to bind excess of free
Ca0 and transfer it to stable refractorvy mineral phases. The
addition of iron oxide, beside binding of free Ca0, nromotes
the dead burning onrocess and increases d.b. magnesite resistan-
ce to hvdration, but leads to formation inferricr refractory

dicalcium ferrite (2CaO.Fe203) as well.

By addition of SiO2 , binding the Ca0® into highly refractory
dicalcium silicate is enabled.

With these additions, dead burned magnesites DBM-BF and DBM-BS

were nroduced.

. DBM-BF contains 90.93% of MgO, 0.83% of Si0, and 2.80% of Fe,03.
Its hydration resistance is very good. This 4.b. magnesite con-
sists of periclase, dicalcium and tricalcium silicates and di-
calcijum ferrite.
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A good degree of firing was achieved by firing at 1800°C and

mean crystal size was 100 um.

By brigetting under the pressure of 30 KN/cm and by firing at
18000C a satisfactory anmparent densitv was achieved, 3.27 g/cm3.
By finner milling and by applying hicher specific pressure on

briquettina, arvarent density of 3.3 g/cm3 can be expected.

With these characteristics the d.b. magnesite rances in mean

qualities pnroduced of natural magensites.

D.B. magnesite NBM-BS nroduced with the addition of 5102 conta-

ins 92.37% of Mg0O, 2.17% of Si0, and 0.19%2 of Fe,C,. Hydration

2 273

resistance 1is satisfactory.

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

and dicalcium silicate.

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

nericlase crystals was about 70 pm.

By briauetting under specific pressure of 30 KM/cm and by firing

at 1800°C grod aprarent density was obtained, 3.25 g/cm3.

By finner mill g and application of specific pressure of over
50 KN/cm, by firing at 18029C , apparent density of about 3.3
g/cnﬁis expected. '

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

qualities produced of natural magnesites.
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VI. PRODUCTION OF TEST MAGNESITE BRICKS
M-A, M-BF and M-BS

Test magnesite bricks, in grades M-A, M-BF and M~-BS were made
of dead burned magensites DBM-A, DBI'-Bi and DBM-BS. Characte-
ristics of these bricks were investicated on bases of which

evaluation of obtained brick cualities were done.

A. Production

Briquettes of d.b. magnesite DBM-~-A, DBM=-BF and DB!'-BS were obtai-

ned in th2 following qunatities:

bBM-% . . . . . . . 25 kgs
DBM-BF . . . . . . 32 kas
bBM-BS . . . . . . 17 kgs.

Test magnesite bricks were nroduced of each d.b. magnesite se-
parately, with no inter-combinations of different magnesite qua-
lities. It is to be noted that during nroduction of test bricks,
as quantity of starting components was small, it was not possible
to try several alternative procedures for each brick tyove. Accor-
ding to literature and own nractical experience, procedure of
production had to be choosen without later corrections in respect

of desired improvement of some characteristics of test bricks.

1. Preparation of components

Grain component of each d.b. magnesite was prepared separately
by crushing in jaw crusher, while crushing process was so per-
formed as to obtain inter-fraction ratio of d.b. magnesite com-
ponents with grain size of 0-4 mm, to enable maximum of dense
packin in a brick. Fine component of d.b. magnesite (-0.1 mm)
was prepared in a laboratory ball mill.
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2. Preparation of mixtures_for pressing of bricks

Mixture for pressing was prepared with optimul combining of
obtained classes of d.b. magnesites, with the addition of bin-
ding agent. Into a mixer, tvpe "Firich", aranular component was
added (0-4 mm). After through mixing, magnesium sulphate solution
was added as a binding acent. When all grains were wetted, fine
fraction was added (-0.1 mm). Then the prepared nixture was addi-

tionally mixed to make it completely homogeneous.

After having been honogenized, the prepared mixture was pressed
in a standard form "2", in an oil-hvdraulic pressing machine,
with double pressing, with unit pressure of 100 N/mmz, with one

cdeaeration during the pressing operation.

The pressed bricks were dried by gradual heating of bricks up to
120°C and by holding them at that temperature for 24 hours.
After drying, bricks of all grades had satisfactory mechanical

strength and had no cracks.

5. Eiring of test bricks

The bricks were fired in industrial tunnel kiln with burner sys-
tem adapted for alternate usage of oil and gas for drive energy.
Schedule of firing was adanted to magnesite bricks, and maximum

temperature was 1720°C.

B. Testing_ of_ characteristics

As quantitv of obtained test bricks was small, it was necessary
to choose characteristics that would give the best insight in
quality of test magnesite bricks to be tested. Each characteris-
tic of all brick grades was tested on at least two samples,
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in order to be able to check obtained values and avoid possibe

mistakes in testing procedure.

1. Macroscopic_view of test bricks

After firing M-A cgrade bricks had characteristic creenish-vellow
color, smooth surfaces, cgocd edges and no cracks. Macroscopic
section indicated good composition of brick and a solid struc-

ture (figure 23).

Figure 23, Macroscopic section of l1-A grade
of magnesite brick

M-BF grade kricks after firing had dark brown color, smooth sur-
faces and good edges. lMacroscopic section of bricks indicated
extremelv compact structure of brick with low norosity and gocd
density (figure 24).
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Figure 24. Macrosconic section of M-BF
grade of magnesite brick

M-BS grade bricks after firing had yellow-greenish color, good
edges and no cracks. Macroscopic section indicated hardness
with slichtly rised porosity compered to M-A and M-BF grades
(figure 25). ’
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Table 17.

2. Chemical comnosition of test bricks
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differ much from the starting d.b. magnesite.

Figure 2Z. Macroscopic section of !1-BS
grade of ragnesite brick

Chemical composition cf bricks was given as mean value of several
testings within the same aquality. As all bricks were manufactured
on basis of only one d.». magnesite, chemical compnosition could not

Chemical comnosition of *M~A, M-BF and 11~-BS grades
of magnesite bricks

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

Ignition loss, % 0.19 0.30 0.43
Fe303, % 0.31 2.28 0.41
Alo03, % 0.20 0.27 0.40
S10,, % 0.88 N.65 2.18
Ca0, % 2.82 4.40 4.74
MgO, % 95.62 92.10 91,85
By03, % 0.020 0.019 0,024

B
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3. Physical nroperties of test bricks
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Physical proprerties cf bricks were given as a mean value of at

least two values for one guality, on table 18.

Table 18.

Physial nroperties of test magensite bricks,
grades MM-A, M-BI' and M-BS

Nuality/ M-A M~-BF M-BS

propertyv

Apparent porosity, % 17.0 14.4 20.0

Absorption of H,0, % 5.9 4.8 7.2

Apvarent density,g/cm3 2,89 2.96 2.83
Density, g/cm3 3.53 3.55 3.52
Crushing strength

at 200C, N/mm2 45.8 68.0 37.0

Crushing strength

at 15000C, N/mm2 26.0 25.0 26.0

Refractoriness

under load, Ta,°cC +1700 +1700 +1700

Thermal shock

resistance,Tw 15 29 7.0

Modulus of runture

at 1400°C, N/mm2 10.5 - 7.0

Linear thermal

expansion at

20-14000C, %

up to 10000C 1.33 1.73 1.37
up tc 14000C 1.79 1.77 1.75

The obtained physical nroperties of bricks correspond to typical
values for magnesite bricks of higher and medium grades, and
some of the properties are even above those values.

For determining physical promerties the following methods were

employed:
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- For apparent porosity, adsorption of'HQO ard apparent density
- JUS B.D8.312;

- For brick density determination - JUS B, D3 302;

- For crushing strength at high temneratures determination -
- internal method of "Magnohrom" Industry;

- For modulus of runture determination - BS 1902 PART A;

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

- For linear thermal expa.usion determination - internal method
on anparatus nroduced by NETZSCH, with rate of heating of
56C/min, sample ¢ 50 x 50 mm.

4. Mineralcgical investigations_ of

- — et > oy —— A —— - — —— " Al - —— = = = =

The investigations were performed with the aim to identify mi-
neral phases in bricks and to analyse their structural characte-
ristics. Investigations were done in polarization microscope and
X-Ray diffraction apparatus. For microscopic investigations re-

flected light preparations were made.

Magnesite brick M-A

In microscopic preparations, grain structure of brick is clearly
observed, characterized by presence of coarser d.b. magnesite
grains and fine-grained matrix between these grains. Boundary
betwwen coarser d.b. magnesite grains and matrix is rather clear
(figures 26 and 27). Dimensions of periclase crystals in coarser
d.b. magnesite grains are about 70 um, and they are somewhat
smaller in matrix.

In coarse d.b. magnesite grains very small amount of silicates is
ﬁresent which makes their identification more difficult. Sligh-
tly bigger quantity of silicates is present in matrix, which
enabled identification of dicalcium silicate and tricalcium si-
licate. The presence of these calcium silicates was confi. -

by X-Ray patterns as well (figure 28).
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Slightly bigger quantity of pores is pfesent in matrix compared
to co:rser d.b. magnesite garins, which is usual cheracteristic
of this kind of bricks. Dimensions of pores in d.b. magnesite

grains, measured in microscope are about 2-1i00 pm. Larcer pores
often are as big as periclase crystals. In d.b. magnesite grains
majority of pores are about 20 um. Pore dimensions in brick ma-
trix mainlv range from 5 to 300‘um, and majority of them are of
about 20 um. A numer of the largest pores in matrix were crea-

ted by falling of material out of a brick during preparation of

microscope prepara*_on.

Bond betwe-~n periclase crystals was mainly achieved by direct
reacticon « atacts nericlase-nericlase. Bond between periclase
crystals in a matrix, as well as between these crystals in ~onar-
ser d.b. magnesite grains,is often achieved over highly refrac-

tory ca:cium silicates as well.

Figure 26. Micronhotograph of maagnesite brick !1-A;
Brick matrix betwwen two coarse grains
of d.b. magnesite was taken; reflected
light opreparation; enlargement 100 x
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Figure 27.

Microphotograph of magnesite brick
M-A; brick matrix between twc coarser
d.b. magnesite grains was taken; ref-

lected light preparation; enlargement
100 x
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Figure 28. X-Ray pattern of M-A
magnesite brick
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Magnesite brick M-BF

By examiration of this brick in microscopic preparations it was
found thet grain structure cf brick was not clearly defined,
because baundaries between coarse grains of d.b. magnesite and
brick matrix were hard to cbserve (figures 29 and 30). This
structure was created as a result of intensive reactions during
firing. It was, vrimarilly, the result of periclase recrcystal-
lization which took place by influence of iron oxide present as
iron-containing liquid at elevated temveratures. Dimensions of
periclase crystals in coarse grains of d.b. magnesite are about
160 pm. Dimensions of periclase crystals in matrix are smaller,
usually from 60 to 90 um.

Very small amount of silicates in the form of dicalcium silicate
is present in the brick. There are more of them in brick matrix
than i coarse grains. Some dicalcium ferrite is present between
vericlase crystals. The presence of calcium silicates and dical-
cium ferrites was registered by X-Ray diffraction as well (figu-
re 31). There were no reflections on X-Ray patterns which would

indicate presence of free calcium oxide.

There are more pores in matrix than in coarser grains of d.b.
magnesite.

Measurements of pores in d.b. magnesite grains have shown that
their dimensions range from 10 to 150 jum, and that majority is
of 50 um. Pores are somewhat larger in matrix - 20-200 um. Majo-
rity of pores in matrix are about 70 um. The 200 um pores in
matrix were crated during making microscopnic preparatiodn.

Bond between nericlyse crystals was achieved Lty calcium silica-
tes (dicalcium silicate and tricalcium silicate), dicalcium fer-~
rites, a nd, t. some extent by direct periclase-prericlase bond.
Roll of low-refractory dicalcium ferrite in bonding periclase
crystals is small because of big roll of highly refractory cal-
cium silicates and because of formation of direct pericalse-prei-
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clase bond.

Figure 29. Microphotograph of !M-BF magnesite brick
Brick matrix is in the middle. Parts of
coarse d.b. magnesite grains are left and

. right; reflected light preparation;
enlargement 100 x
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Figure 30. Microphotograph of M-BF maanesite brick.
Contact of coarse grained d.b. magnesite
(at the left) and brick matrix (at the
right) was taken; rcflected light prepa-
ration; enlargement 100 x




.
Wil

Page:

71

REFRACTORIES INSTITUTE

Year:1986

' P~ PERICLASE

 ACNOGIRO

C2S- DICALCIUM SILICATE
C3S - TRICALCIUM SILICATE
C>F - DICALCIUM FERRITE

H
1
i !

2.10 v

il
P
h
~
N
;
i
.
i '

o

« KRALJEVO « JUGOSLAVIA

1 e
1

PRI
.

o 2 24

 Figure 31.

Pf 20
doo e

41:“

i;Réy'pattern of M-BF mac

e

‘!Z

Dl
g,
n

site‘bfick

) ""'l?l
'2’5:.::i“4




Tvnm 7

REFRACTORIES INSTITUTE Year:1986

M@M@m « KRALJEVO « JUGOSLAVIA

M-BS Magnesite brick

Investigations on this brick in polarization microscovoe showed
Clearly that . .cre were big differences in ampearance of coarse
d.b. magnesite grains and of brick matrix. These differences

are obvious primarillv because of differences in nericlase crvs-
tals size in these two brick parts. This caused formation of
clearly defined grain structure of brick in which boundaries
between coarse d.b. magnesite ~rains and brick matrix are easi-

ly distinguished (ficqures 32 and 33).

Periclase crystals dimensions in coarse d.b. rmagnesite grains
are 70-90 um. In brick matrix, crvstal dimensions are considera-

bly smaller - abcut 30 um.

Investigations have shown that dicalcium silicate was present in
the brick, more than in M-A and M-BF bricks. Increase of this
silicate content was caused by reaction between quartz and free Ca0
during DBM~-BS d.b. magnesite production. Presence of dicalcium
silicate was confirmed by R-Ray diffraction as well {figure 34).

Free calcium oxide was not registered.

Comparing tc previously described bricks (M-A and M-BF) higher
content cf nores was found. Pores content is higher in matrix

than in coarse d.b. magnesite grains.

In d.b. magnesite grains pore dimensions are from 5 to 120/pm,
majority of them being 30 um. Pore dimensions in matrix are
8-300 um; the largest pores were mightly created during making
microscopic preparation. Measurements have shown that majority
of pores were about 30 um.

Bond between periclase crystals was acieved by dicalcium silica-
te, though with many crystals direct nericlase-periclase bond
was observed.




.
{ 74raa -

REFRACTORIES INSTITUTE Year:1986

MM@GU « KRALJEVO « JUGOSLAVIA

Figure 32. Microphotograph of !-Bf magnesite
brick. Bri~k matrix is in the middle,
coarse d.b. magnesite grains at the
left and at the right; reflected
light premaration; enlargement 100 x




0 F ]
 § Tz, e T

REFRACTORIES INSTITUTE Year:1986

M@M@mm « KRALJEVO « JUGOSLAVIA

Figure 33. Microphotograph of M-BS magnesite brick.
Contact between brick matrix (at the
left) and coarse d.b. magnesite grains
(at the right) was taken; reflected light
preparation; enlargement 100 x
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C. Discussion of results

1. M-A Magnesite brick

On basis of testing results, one could say that M-A magnesite
brick belogs to high grade class of magnesite bricks, regarding
its chemical composition, physical properties, mineralogical
composition, and microstructure. As it is a brick based on na-
tural d.b. magnesite, M-A brick belogs to a high MgO content
class. Interrelations of other oxides are such that provide for-
mation of highly refractory minerals - tricalcium silicates and
dicalcijum silicates, which was confirmed by nigh refractoriness
of the brick. The brick has low porosity, good apparent density,
satisfactory mechanical characteristics and good thermal shock
resistance as magnesite brick. Microstructure of this brick in-
dicates predominant participation of direct bond periclase~ peri-
clase, as well as good silicate bond on basis of dicalcium sili-

cate and tricalcium silicate.

By firing the bricks at elevated temperatures, because of high
purity of starting 4.b. magnesite DBM~A, better values of rmecha-
nical characteristics, lower porosity, higher density and bigger
periclase crystals were obtained.in both d.b. magnesite grains

and brick matrix.

2. M-BF Magnesite brick

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

on basis of all testing results. It has an increased.content of
Ca0, successfully stabilized by iron oxide addition. The brick
has very good physical pronerties: low porosity, high apparent
density, good mechanical characteristics and excellent thermal
shock resistance. Low melting dicalcium ferrite did not notably
reduce refractoriness of the brick, because high refractory cal-
cium silicates had bigger effect in bond formation between pe-
riclase crystals, as well as considerable effect of direct con-
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tact periclase-periclase. In this brick large periclase crystals
were obtained both in d.k. magnesite ¢rains and brick matrix,

as a result of good recrystalization. On basis of all characte-
ristics achieved in production of this d.b. magnesite DBM-BF
based brick we can conclude that all chosen parametes in produc-

tion process were adequate.

3. M-BS Magnesite brick

On basis of testing results, it can be concluded that MB-S mag-
nesite brick, based on DBM-BS d.b. magnesite, ranges in medium
garde bricks, with McO content that is adecuate for this grade of
brick and with specially controlled CaO/SiO2 ratio enabling for-
mation of highly stable dicalcium silicate, in addition to basic
mass of periclase. Physical properties are within limits ex-
nected for this brick grade. High refractoriness and good mecha-
nical characteristics of the brick are notable. By certain im-
provements in mixture prepmaration better norosity could be achie-
ved (16-20%), as well as corresvondinag increase of ampmarent den-
sity.

Microstructure of this brick indicates that bond between d.b.
magnesite grains, as well as betwwen periclase crystals within
drains, was mainly based on direct contact periclase-periclase

and on highly refractory dicalcium silicate.

Observing investigation results obtained on DBM-B (DBM-BF and
DBM~-BS) based magnesite bricks, one could say that stabilization
of free Ca0 was successfully achieved in both cases. However,
each method of stabilization has its advantages reflecting on
brick characteristics. Having in mind requirements for high re-
fractoriness, good thermal shock resistance and good mechanical
characteristics of bricks we think that best bricke within this
grade could be obtained by combined stabilization of Ca0 in d.b.
magnesite with addition of quartz and iron oxide.
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VII. PRODUCTICN OF TEST MAGNESITE-CHROME BRICKS MC-A
A. Production

Dead burned magnesite, grade DBM-A, was used for production of
bricks with chromite. Because of limited quantity of d.b. magne-
site, only one grade uf magnesite-chrome bricks was produced,
containing about 15% of Cr203, and the following components

were used:

- d.b. magnesite DBM-A
-~ chvome ore CF 50-200

- chrome concentrate C(D26.

1. Preparation of commonents and their characteristics

Granular componnets of d.b. magnesite were prepared in labora-
tory, through crushers system with upper limit size of 4 mm,
and chrome ore was comminuted in jaw crushers and roll mill
with upper limit size of 3 mm. Chrome concentrate was used
without additional tretment. Fine component of d.b. magnesite

was prepared in laboratory ball mill.

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

Table 19.

- Chemical composition of components, in %

1

Ign. 8102 Al,0 Fe203 Cao Mg0O Cr20

|
loss 273 3

D.b.magnesite

DBM-A 0.23 0.68 0.12 0.20 2.62 96.13

. Chrome ore

"CF 50-200 1.62 4.15 9.65 18.13 0.37 13.52 52.56
Chrome concen-
trate CCD26- 0.14 1,02 11.10 15.40 0.24 15.14 56.96
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2. Production of bricks

With 70% of dead burned macgnesite and 30% of chromite comoo-
nent, and with necessary participation of senarate classes of

d.b. magnesite and chromite, the brick mixture was comnosed.

The mixture was vprenmared according to the usual procedure, so
that granular components of d.b. magnesite and chromite were
first dosed into the mixer, and then binding material and, fi-
nally, fine component. After completion of homogenization,
bricks were nressed on oil-hyvdraulic press in standard shane
"2" under the pressure of 100 N/mmz. After drying during 24
b-urs on adequate temperature, the bricks were fired in indus-

trial tunnel kiln at the maximum firing temnerature of 1720°C.

During firing slight shrinkage occured of all dimensions, not
exceeding the limits allowed by standards. Fired brick is of
good macroscopic appearance , has sharrp edges and smooth surfa-

ces.

B. Investigation of bricks

Chemical, thermophysica! and mineralogical investigations were

done on fired bricks.

1. Chemical and thermophysical characteristics

Chemical composi’.ion and thermophvsical characteristics
presented in table 20. Physical characteristics represent .o i

average of at least two measurements,
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Table 20.

Chemical composition and thermophysical
characteristics of MC-A bricks

Apparent porosity, % 17.54
Apparent density, g/cm3 3.04
Refractoriness under load, Ta,OC + 1700
Crushing strength at 200C, N/mm2 37
Crushing strength at 1460°C,N/mm? 38

| Modulus of ruptire (MoR)

at 1400°C, N/mm2 14
Linera thermal expansion
up to 1400°C, % 1.5 j
Thermal shock resistance
in air (change) + 30
Ignition loss, % 0.12
! S10,, 3 1.24
A1203 3.32
Fe203, % 5.64
Cao, % 2.21
MgO, % 70.50
Cr203, % 16.97

2. Mineralogical investigations of MC-A bricks

In orded to observe structural characteristics and to record
mineral phases in brick, microscopic and X-Ray investigations
were done.

In microscopic preparation of this brick microstructural
characteristics are clearly observed indicating that during
firing intensive reactions between periclase crystals and
chromite occured.
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These reactions were particularly intensive between chromite
concentrate and fine particles of Jd.b. magnesite in Frrick
matrix. In that way quality matrix was formed comprising all
three sorts of bonds between periclase crystals, as well as
between periclase nad chromite, i.e. cilicate bond, direct
bond (periclase-periclase nad per®-~lase-chormite) and bond

by secondary spinelides (figure and 36).

Silicates in matrix are mainly present as dicalcium silica-
tes, though in some parts of brick a silicate is present
which by its optical characteristics resambles mervinite.
Mervinite was formed by reaction between dicalcium silicate
and magnesite hydrosilicates, entered in brick mass with
chromite. Small particles of chromite in brick matrix reacted
with periclase or silicates to a great extent. Because of
these reactions comparatively big quantity of secondary spi-
nelides in form of spoty inclusions was formed; in silicates
these were crystals often of more regular shapes. Secondary
spinelides in silicates represent an additional high refracto-
ry phase between periclase crystals. Chromite-periclase reac-
tions caused formation of direct periclase-periclase bond,

particularly periclase~chromite.

During firing some changes occured in coarse d.b. magnesite
grains. Periclase crystals in these grains , near chromite,
were enriched with consi.2rabla quantity of inclusions os
secondary spinelides. Due to these reactions at high tempera-
tures, recrystallization of periclase took place, with crys-
tals are often over 100 pm big. In coarse grains of d.b. mag-
nesite high level of direct periclase-periclase bond was ob-
served. In these d.b. magnesite grains, dicalcium silicate

is mainly present, but in smaller quantity compared to brick
matrix. Bond between coarse d.b. magnesite grains and brick
matrix was mailny achieved by silicates and by direct
periclase-periclase bonds.
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In microscopic preparations, high extent of direct bond was
also observed between coarse chromite grains and periclase

crystals (figure 36)

Pores are present in much bigger qualntity in brick matrix

than in coarse d.b. magnesite grains.

By II-Ray examinations presence of periclase and chromite was
stated (figure 37). Silicates could not be registered for sure
because due to presence of chromite, increase of backaround
occured preventing better registering of difraction reflections

of silicates.

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

Magnesite~-chrome brick, arade MC-A, was produced of natural
dead burned magnesite with very low 5102 content and C/S

ratio over 3. Chromite ore was of usual refractory type with
high content of Cr203, while chromite concentrate was also
with very low Sio2 content and high Crzo3 content. Beginning
with such pure raw materials, by firing at high temperature,
quality magnesite-chrome brick was obtained with low norosity
and good density. Very good mechanical characteristics at ele-
vated temperatures should be separately pointed out, such as:

crushing strength and modulus of rupture at 1400°C.

By microscopic investigation, nresence of direct honds pericla-
se-periclase and periclase-chromesninelide were identified.
Silicates were presentaed in forms of dicalcium silicate and
mervinite, which, as highly refractory minerals, together with
secondary spinelides, gives good characteristics at elevated
temperatures.

Considering obtained results of chemical and mineralcgical
composition, structural characteristics and thermophvsical
characteristics, it could be said that test bricks were produ-
ced of very good quality.
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ANNEX No. 1

PROGRAM

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

1. DETERMINATION OF CHEMICAL AND MINERALOGICAL COMPOSITIONS
OD SEMI-PRODUCTS: SP-A AND SP-B

2. MILLING OF SEMI-PRODUCTS

2.1. Determination of characteristics of fine milled semi-»ro-
ducts
- Grain size distribution
- Packing density

- Specific surface

3. BRIQUETTING

3.1. Selection of conditions for dense briquettes

Pre~compacting

Velocity of rollers

Pressure

- Temperature of material

3.2. Determination of characteristics of briquettes obtained
-~ Sterngth
- Apparent density
- Packing density

4. FIRING OF BRIQUETTES

4.1 Firing schedule determination
- Duration: 2 hours
- Temperatures: 1700, 1800 and 1900°C
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4.2. Determination of characteristics of fired briquettes
~ Chemical caomposition
- Mineralogical investigation
a) Mineralogical composition
b} Microstructure

[

¢) Periclase crystals size

- Physical properties
a) Density
b) Apparent density
c) Porosity

d) Hydration resistance

w

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

Preparation of components

Preparation of mixtures for bricks pressing

Pressing of test bricks

Drying

Firing of test bricks

(%2 LI G B, IS BN ¥, )
A N W N e

Determination of characteristics of test bricks
- Macroscopic appearance
- Chemical compdsition
- Mineralogical investigations
a) Mineralogical composition
b) Microstructure
~ Physical properties
a) Crushing strength
b) Apparent density
c) Dens ity
d) Apparent porosity
e) Distribution of pores
f) Refractoriness under load (Ta)
g) Thermal shock resistance (Tw)
h) Thermal expansion, 20-1400°C
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6. PRODUCTION OF TEST MAGNESITE~-CHROME BRICKS OF
DEAD BURNED MAGNESITE: DBM-A

6.1. Preparation of components
6.2. Preparation of mixture for bricks pressing
6.3. Pressing of test bricks
6.4 Drying of test bricks
6.5. Firing of test bricks
6.6. Determination of characteristics of test bricks
- Macroscopic appearance
~ Chemical composition
- Mineralogical investigations
a) Mineralogical composition
b) Microstructure
- Physical properties
a) Crushing strength
k) Apparent density
¢y Dens ity
d) Apparent porosity
e) Distribution of pores
f) Refractoriness under load (Ta)
g) Thermal shock resistance (Tw)
h) Thermal expansion, 20-1400°C

7. CONCLUSION

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

Time required: Five (5) months after signing of the Contract.
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Annex No. 2
PROPOSED PROGRAM OF SEMI-INDUSTRIAL INVESTIGATIONS
PART I. ACTIVITIES TO bE ACHIEVED IN REPUBLIC QF ZIMBABWE

1. Taking of renresentative samnles
1.1. Taking of the representative samnles of raw magnesite (18 t)
from Kadoma !Mine:
a) 6 t of raw magnesite (3-25 mm)
6 t of raw magnesite (3-60 mm)

6 t of raw magnesite (25-60 mm)
b) Hand selection and senaration of dark ore pieces
¢) Transportation to Eiffel FPlats, near Kadoma

1.2, Taking samples of chrome ore ané of chrome concentrate:
1) 1.5 t of lumpy chrome ore from Frances Mine, Zimbabwe
(50-200 mm)
In case that lumpy chrome ore from F'rances Mine could
not be obtained, substitution with coarse chrome concentra-
te designated as "D-20" from Mtoroshanga !ine, Zimbabwe,

is acceptable.

b) 2 t of chrome concentrate desicnated with "D-26" from
Mtorosharga Chrome Mine, Zimbabwe

c) 0.75 t of flake graphite fromGraphite Mines (PVT) Limited,
Harare

2. Determination of representative samples characteristics:
a) Grain size distribution
b) Chemical composition (E. Flats, DoM, IMR)
¢) Mineralogical composition (IMR)
d) pDifferential Thermal Analysis (DTA) (DoM)

- o -~ -—

E. Flats - Eirfel Flats
DoM - Den. of Metallurgy, Harare
IMR - Institute of Mining Research
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2.1.

3.2.

3.3 Determination of calcined magnesite characteristics:

Evaluation of the results obtained

Place of realization: DoM, Harare

Calcining test in semi-industrial rotarv kiln (Eiffel Flats,
Kadoma) - PREVICQUS INVESTIGATIONS.

Adantion of the existing kiln, 10.5 m of length,.
@ 770/922 mm and lining with refractery bricks in a manner
to ensure reliable results of calcining test, counting on

orerating tepmeratures un to IZOOOC.

It is also needed to provide all necessary eauipment listed

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

Acceptable fuel is light diesel oil or earth gas, depending
on which one is easier and cheaver to nrovide in Revublic of
Zimbabwe. Adequate hurner is to be provided with needed ins-
tallationsand reservoir of corresvonding volume - also nrior

to beginning of activities on investigations.
Putting the rotary kiln in eperation

- Testing in cold state
- Heating up the rotary kiln

First calcining tests are to be verformed with all three

different fractions of raw magensite, i.e.:
3-25 mm, 3-60 mm and 25-60 mm

During these tests the followling factors effecting the cuali-
ty of raw magnesite are *o be determined:

- effect of material size

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

- Grain size distribution
- Chemical composition

- DTA analyses

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

bv selective hydration procedure (wetting and scaking).

3.5. Evaluation of results, selection of cptimum conditicns for
calcining process and selection of optimum conditions for

beneficiation process.
Plcce of realization: Kadoma

4. Ccllecting representative samole for rroduction of calcined
magnesite. Quar*ity of raw magnesite that is to be taken
from the mine is 140 t. - MAIN TEST.

4.1. Transportation of representative sample from Kadoma !ine to

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

Characteristics determination of representative sample, 140 t.
- Grain size distribution (E. Flats)

- Chemical composition (E. Flats, Dom, IMR)
4.3. Evaluation of results
Place of realization: Kadoma

5. Production about 55 t of calcined magnesite for beneficiation
process - MAIN TEST:

5.1- Regular checking of calcining process:

- Chemical composition (every 4 hours) (E. Flats)
- Grain size distribution (every 4 hours (E. Flats)
- Reactivity of calcined material (once per shift) (E. Flats)

5.2.Determination of characteristics of calcined magnesite for
beneficiation process - Composite sample:

- Grain size distribution (DoM)

- Chemical composition (E. Flats, Dom. IMR)
- Reactivity with water (DoM)

- Mineralogical composition (IMR)

- DTA analysis (DoM)
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5.3. Determination ¢f specific consumption values for calcining
process:
- Raw magne ite
- Fuei

-~ Electric eneilc¢y for work of rotary kiln
Place of realization: Kadoma

6. Beneficiation of calcined magnesite by selective hvdration
procedure - MAIN TEST

6.1. Transportaticn about 55 t of calcined magensite to Harare (DoM

6.2. Production of about 20-22 t of semi~-»nroduct (fraction "A") and
about 16-18 t of semi-product (fraction "B").

6.3.Controlof the optimum conditions for beneficiation nrocess
by procedure of selective hydration (wettirg and soaking)

6.4. Determination of semi-products characteristics (fractions "A"
and "B"):

- Grain size distribution (DoM)

Chemical composition (E. Flats, DoM, IMR)

Mineralogical composition (IMR)
DTA analysis (DoM)

Filling mass

6.5. Determination of specific consumption values for beneficiation
process:
- Calcined magnesite
- Water
- Electric energy

7. Evaluation of results for main test
8. Conclusions and recommandations

9, Final Report for the activities performed in Republic of
Zimbabwe (10 copies) .
Place of realizatior: DoM, Harare
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PROPOSED PROGRAM QF SEMI-INDUSTRIAL INVESTIGATIONS
PART II: ACTIVITIES TO BE ACHIEVED IN YUGOSLAVIA/EUROPE

1. Fine milling 20-22 t of semi-product (fraction "A")
1.1. Selection of mill and of conditior for its oneration
1.2. Determination of characteristics ci finelv milled
semi-product (fraction "A"}:
- Grain size distribution

- Filling mass
1.3. Evaluation of resuts of finely milling nrocess

2. Productir.n of dense bricquettes, 13-15 ¢
2.1. 3election of working conditions for briquetting process
2.2. Determination of "green" bhriquettes characteristics:

- Bulk density

~ Filling mass

2.3. Determination of specific consumption values:
- Finelly milled semi-product (fractien "A")
- Electric energy

2.4. Evaluation of all results of bricuetting process

3. Dead burning of briquettes in semi-industrial kiln
3.1. Selection of working conditions for the dead burning
process
3.2. Regular control of dead burning nrocess
- Chemical composition
- Bulk density

2.3. Production of high grade dead burned magnesite, 10-12 t
3.4. Determination of cpecific consumption values:

- Briquettes

-~ Fuel

- Electric energy

KN 3.5. Evaluation of all results of dead burning nrocess

4. Production of magnesite bricks, periclase-carbrn bricks
and magnesite-chrome test bricks, 10-12 t, total
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4.2.

4.3.

4.5.
4.6.

4.7.

4.4 Drving and tempering of test bricks

Determination of characteristics of high grade dead bur-
ned magnesite:

- Chemical composition

- Mineralogical composition

- Microstructure

- Size of periclase cryvstals

- Phvsical nroperties

- Density

- Bulk density

- Porosity

- Grain bulk density

- Hydration resistance

Prevaration cf componeuts for brick production and mixinfg

Pressing of test bricks

Firing of test bricks
Determination of characteristics of magnesite test bricks,
periclase-carbon test bricks and magnesite-chrome test

bricks:

- Macroscopic appearance

- Chemical composition

- Mineralogical composition

- Cold c¢rushing strength

- Appvarent porosity

- Refractoriness under load

- Thermal shock resistance

- Linear expansion coefficient
Determination of specific consumption values
~ Raw materials

- Fuel

- Electric energy

Evaluation of all results
Conclusions and recommandations

Elaboration of Final Report about acivities executed in
Yucoslavia/Eurone (10 coonies).
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ANNEX No. 3

LIST OF THFE EQUIPMENT WHICH IS TO BE PROVIDED
FOR WORK UN SEMI-INDUSTRIAL INVESTIGATIONS IN
REPUBLIC OF ZIMBABWE

1. Rubber Belt Cecnveyor that can also be rmovable. Intended for
feeding semi-industrial rotyra kiln with raw magnesite. lore
detailled descripticn of this kiln is given as item No. 2 of

this list.

- —— s —— ——————— - ————

investigaticons; the existing kiln in Eiffel Flats (under a
roof} could be used (10400 mm of lencuth). The kiln has to be
adanted and mechanically repared, as well as lined with re-
fractory iricks of adequate quality, as to reach working tem-
pe atures over 1200°cC.

For this kiln adeguate burner is to be pnrovided to use light
diesel o0il or earth gas, enabling prorer calcination of raw

magnesite up to 12009C, according to the kiln capacity.

Prior to beginning of works, the kiln is to be mechanically
tested ..n cold state.

temperature in rotary kiln during calcining. Its measuring

range should be approximately 700-1300°C, with accuracy of
+

10°C. The instrument is to enable the whole quantity of
raw magnesite to be as evenly calcined as possible, as well
as to enable temperature control at different levels.

- A W A —— " - D - s D — ——— = " — D > — - — -

For this process mobile mixer cou.d be used, l‘ke the one

used for mixing concrete in civil engineering., It should be
about 100 liters of volume, or close of that volume, obtainable
at the market - from regular serial production. '
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5. Containers made of zink plated sheet, . '\ 95 jiters of vo-

lume (20 »cs). The containers are intended for taking over
the calcined magnesite after wetting in concrete mixer. The

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

h. As no special recuests are made regarding construction of
the screen itself (it is onlv desirable that it should be
dedusted), an ordinary screen from regular »nroduction could
be used, having about the required camacity, which can be
found in Zimbabwe. Mesh sizes of the screens should be as
follows: a) the upper screen 3 x 3 mm; b) the lower screen

1 x 1 mm. The screens used in civil engineering could be

used for this nurpose.

7. Cold_Crushing Tester with the Attachment for pressing the

samples tested

The tester is indispensable for development of new nroducts

in fine and coarse ceramics and constructional materials.

It would considerably facilitate work and extend activities of
Department of Meta%lurgy. An Offer of the best known Europeaa
producer was acquired (TONI-MEL Prufsysteme, D-6707 Schiffer-
stadt, No. 1982/85/0 of 16th October 1985). The copy of the
Offer was given to Zimbabwean partner






