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l, ~xecuiive summary

Tecanical anc economic aspects of beueiiciatinzg ureex baux.ties
with the ov,ective of producing a hi-n aluamina, low iron
vauxitve grade to be marketed domestically as well as abroad,
have been investizated under a subcontract from LKIDO, Vienna

for LNDP, hkew York and the Greekx Goverument.

Currext local demand for the refractory grade bauxite product

was found to be around 12 thousand tons/yr.

Thir may increase significantly to enable supply of refractory
products to the Soviet Uanion, and to turopean anc inidale bast
countries, Current uropean demand for rerractory grade bauxite
is in the range of 30G,000 tons., Greek plan’ suouic be able to
sell upwards of 4C,000 tons calcined bauxite and its total out-
put of the iron oxide by-product, The market for iron oxide

pigments in Iurope is in the 100,000 ton range,

Ambient temperature leaching by hydrochloric acid, tne most
advanced technology curreptly available for the purpose, has
been demonstrated to be suitable to remove over 30 % of the

iron in the bauxite reed, Raw material selection is, however,

a key factor in tine technical and the economic viability of

tne project, as various alumina and iron oxide bearing minerals
have been shown to react differently to leaching by HC1l, Also,
the refractory industry has scme strict requirements on the
physical properties of the ’white’ calcined bauxite, and these
properties are largely letermined by the miierological structure

of the raw material.
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Althouch the availability of excelleut raw material iu Lreece
nas been demonstrated, the fovernment agency promoting the
project in Greece had cifficulties in ottaining suificient
quantities oI these grades from the private sector companies
operatin; tuhe state owned nmirnes. Consequently tiie pilot sczle
tests could be run oaly on a lower grade, A calcined refractory
bauxite comparable to the Chinese bauxites and a red iron

oxide pigment comparable to ‘Bayferrox 645 were produced and
tested in iiinnova’s Pécs, Hungary and indritz’s Vienna, Austria

pilot plant.

For 40,000 ton output of calcined tauxite about 63,0C0 tons

of the material tested in the pilot plant hLave to be processed,
and some 21,000 tons hydrochloric acid have to be added to
compensate for chloride loss mainly due to the extreiely

hizh Ca+liy content of this feed. ilain equipment needed include
leaching/washing towers, spray roasting /Andritz-iuthrer/ type
acid regeneration eguipment and tunnel kiln for calciratioi,
The plant consumes some 11.5 thousand tons fuel 0il, é million
kih power and 1.6 million m3 process water. Site area required
is 4C acres. lost suitable location is close to an alumina

plant,

Fased on laboratory data estirates appeas ii the Keport for
8 40,000 ton output plant on the gray/yellow bauxite of the
3rd horizon in the Parnagsus-Kiona-region, In’this casge 15 %
less bauxite, 60 % less hyd:ochloric acid, 25 % less power,
35 % less fuel 0il and 40 % less water are required, and
-40,000 toas top grade refractory material comparable to the

Guyanese RASC grade can be produced. In this case, however,




about 45 % less iron oxide pirment is gained,

Total investment outlay for a 40,0CC ton plant is 3,40C
/3,000/® million Irs. irocess equipmert would cost 2,100
/1,350/ million, kuow-now and righis to tie techinoloiies
used cost about 21C /185/ million. The working capital

reguirement is estimated to about 150 /1&5/ million ZIrs.

lianipower requirements for a 40,000 ton plant operating 1or
8C00 hours a year can be covered by I university graduates,
23 other engineering and acministrative sta:if and 50 skilled
and seni-skilled workers. A plant is erected and installed
in about iwo years, lroduction start-up takes 6 mouiis,

running-in another six.

Total production cost is calculated to ve avout 1,0C0 /850/
million Jrs /excluding depreciation/. lauxite, :Cl and fuel
0il accouwnt for 31 /42/, 13 /7/ anc 28 /21/ per ceut of the
cost of operation, respectively. Fuel oil price used in the

report is about twice the turrent Western ruropean one.

The operating cost before depreciation is .rs 24,400 /21,175/
per ton of calciued bauxite, The procuct comparable to tue
Chinese refractory grades could fetcih between L3%11¢4 and

155 /irs 15,400 to 18,200/ per ton. ‘he high grade raw
material could yield a calcined bauxite matching the market
standara Guyanese ASC grade and sell for an ex-works price
of Drs 22,400 tc 26,60C, Iron oxide pigment sola at Drs 28
per kg solids couil aad about 50 % /15 %/ to the sales

revenve of the plant,

i o v s

®pipures in brackets apply to use of high grade feed.
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rrofitability of a plant using mediux srace ifeec is .03
satistacicry., “he pay-back period for a 40,C0C ton plant

is 21 years,

The alternative plant using high grade bauxite ieec would
henefi% from its wore Ifavourable minerolo;ical aund cuemical
composition througi much lower hydrochkloric acid losses,

lower material flows and higher price for the calcined bauxite,
etc, The internal rate of return on the owners’ equity is
calculated as 10.5 % when no outside loan is used and as 14 %
when foreign exchanze component of the investment outlay is

covered by a rorex loan with 7 % interest.

The project’s implementation could result in import substitution,
create a new value added export item and provide work for 70 to

100 persons in the country.

For a full bankable feasibility study, there would be required

i/ a specification of the correct feed material;

ii/ furtier large scale tests on tihe finally specified
{eed nmaterial in order to determine consumptioa figures
and otner data;

iii/ market studies on voth the local and foreign markets;

iv/ the selection of the site,




2, back:sround and history of the project

2.1. Introduction

Dissolution with hydrocinloric acid, with all its advantages,
has been known for a long time in hydrometallurgy. iietals
are dissolved out of their ores usually faster and with a
better efficiency than by the more usually applied sul-
pnuric acid, but hydrochloric acid’s higher price and the
difficulties in treating the chloride solutions forming as
wastes, also the serious corrosion of the equipment nave

prevented its propagation in practice,

Lately the industrial development has permitted the pro-
duction of corrosion resistant equipment, including the
apparatus of the Ruthner firm for decomposing chloride solu=-
tions with a process of spraying calcination. The metal
chloride solution is sprinkled in a reactor at 300-900 °C
where the following reactions occur:
NeCl, + xXH,0 eO + 2HC1 + 3/x=1/H,0
2 MeCl, + X0 + % 0,T=2Me 0, + 4HCL + /x=2/ H,0

2 MeCl3 + XH,0 — Me203 + 6HC1 + /x=3/ 150
2 MeCly + XH,0 + % 0,T=2Me0, + EHCL + /x=3/ H,0

The solution drops evaporate, the metal chlorides are de=-
composed and solid metal oxides and gases containing lydro-
ciiloric acid are the results. The hydrochloric acid gas is
absorbed forming concentrated hydrochloric acid that can

be used again for leaching. This process is closed with




respect to the aggressive acid reagent and in comparison
with the former processes it does not pollute the euvirone

ment,

In Hungary the Mecsek Ore Mining Enterprise and the Ta-
tabdnya Coal Mines have long been working with hydrome-
tallurgical processes, Utilizing the Ruthner process of
acid regeneration, a new process was developed for low=-
ering tie iron content of bauxites with hydrochloric

acid, known as TATAB-»NYA Process /1/. Some of the features
of the TATAR.NYA Process:

- selective dissolution /90-95 % of the iron cai be
removed from the bauxite, while only 0,5-7 % of
Alzo3 is dissolved/;

- relatively coarse grained feed can be used;

- the phases are separated without use of filter;

= very good acid utilization,

The TATABLNYA Process had been tested for use on tauxite
of different origin /China, Malaysia, Yuroslavia, ilungary,
etc./ and type /diasporic, gibbsitic, boemitic, etec./. It
was found that diasporic bauxites are best suited for this

treatment.

After years of detailed investigation the construction of
the first plant to operate on the TATABLNYA Processes was
started in 1985, The plant located in lécs, Hungary, has
8 desi;n capacity of 10,000 tons/year refractory rrade
bauxite and some 3,000 tons pigment grade iron oxide and

is due to start production in 1987.




This report covers the techno-economic aspects of the

~ possible use of the TATABANYA Process in Greece.

2.2. Listory of activities connected witn the uroi-ct

2.2.1. Iuitial tests

Tue [irsyv (reek bauxite samples on which the walili . in
Frocess was used were received back in 1981/82 tihrougn
tie ;,00d services of iriineral Hesources and iiine Deve-

~

lopment 3.A.

These samples were taken from the so-called "3rd vauxite
horizon" of the Farnassus-Kiona-Helikon area that holds

at least 3 million tons of economically recoverable
deposits /2/. The different bauxite grades had been tested
in 1981/83% in our Pécs, Hungary, laboratory. The tests
included laboratory leaching tests on a few hundred kilo
material and subsequent calcination of the sauples. Tle
techinical results were extremely encourag§ng. Tavles 2/1
and 2/2 present data for sample 3 /a pray-yellow colour
lumpy material/ received in 1982, These data have been
confiruwed in tests by Ideal Refractories, Athens. i first
estimate of the econounic feasibility made in 1383 indicated

that it was worthwhile to pursue the matter,

After LUIDO/LLDP agreed to support further work on tue
subject, HIJnCVA was subcontiracted to prepare thnis techno-
ecoynomic feasibility study on the production of deironed
reiractory bauxite in Greece, Concurrently Dr. . wack,

expert on mineral resources evaluation & mine development,




with several years of experience in the .reek bauxite

minin; was retained to assist in selecting the suitable
" tauxite samples for use in the study and to assess the
marketing possibilities for the products. Dr. . ifack
produced this report in December 1984 containing wany
useful data and recommendations, some of which will be

used in this report /2/.
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Table 2/1

Comparative data on the chemical composition

Composition _ 1l 2
A1203 69.0 91.82
Fe203 9.7 0.86
510, 2.8 5.85
Ti0, 2.9 5.28
Ccal 1.1 0.21
Mgo
Na,0 0.13% 0.13
L.0.I. 14,2 -
99.83 100,15

1 = Bauxite sample 3/82
2 = Calcined product from Sample 3/82
Table 2/2

Characteristic data of calcined product of Sample 3/82

from laboratory test made in 1982,

parameter value

corundum 85 %
mullite 3 %

glass 8 %

water absorbtion 3 %

bulk density 3.45 gr/cm5
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Lo.0We Leoan welh under tne coutract witk IO in
Covester 1ood Uy payins visits to wuinds; operations
i othe ©nid lernassus-.iona-Iii-leclikon area. L1wWo Vi-
zits Love been arrangsd wy 1.0 aud Ir. L. Hack was
itad to parciicitate in thexn. Lurinzg the visits 1t
2 made clear 1o tuae revresentatives of the mine o-

vserators thot wo wore foins to <o lar;e scale testing

cotiialility ol suen materiel in our discussion
S U2 0ul.tr opor2tor. LT, .. &l ¢1d not join us
‘ur tihe visit 1o vauxite Farrosse oining Cospany /IiIC/
cariicipated in the meeting with Hellenic Dauxite
Livins Conzany of ielikon /uiL.X/.
T4 our cursecuont neeting with representatives of ELNIC
~rades we worked with previously
wowe oL aveilable end we were acied to tase our study
Gu auoiaer rrade wilch we then & reed to select from

w At t.e nine opurators prouiced to maxe available to

Pack in Hungary, chemical data on eight grades, as well
as minerolc-ical data on five of them were reviewed.
Leacning and calcination tesis were performed in early

1585 on four samples of 50 kg each representing 2 grades
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each of the two mine operators. It should be noted that
samples received from MBMH were blends of different ma-
terials and one of the samples furnished by RIPC satis-
fied the criteria appearing in Column 1, Table 2/3, also
to be found in Appendix 3 of /2/. Laboratory tests con-
firmed that the various grades show individual behavicur
when leached and that the three grain size fractions
0.715 to 1.1 to 5 and 1 to 15 also behave differently.
This latter difference was found to be more marked for

the sample material received from EBEMH.

The 1 to 5 mm grain size fraction of sample D, a grey/
/red material, could be leached to have a 2.46 % Fe203
content when calcined, Its 0.315 to 1 mm fraction had

a residual iron content of 1.86 % after calcination,

It was, therefore, agreed that -4mm material will be
used in the pilot-scale test., Although sample A performed

similarly, its price was about 50 % higher. /HIMIC information/.

2.2.35, Pilotesc: =z leaching

Sample material for the pilot-scale tests was delivered

by HINMIC in June 1985 in two shipments of 20 tons and 40'
tons, respectively, and it was then made clear to us that
it was not possible for HIMIC to provide more. Results

of the chemical analysis performed in our laboratory on
homogenized samples taken from the two shipments are shown
in ftable 2/3, Some 10 % of the material received was found
to be +4 mm, another 11.2 % of the material was -1 mm,

The minerological composition of this material is given

in Table 2/4,




. Table 2/3

Chemical composition of different bauxite grades

/all data in w, %/

Component 1 2 3
Al,04 min, 62 68.35 56.7 [/
Fezo3 max, 18 13.01 18.6 /1/
SiO2 max., 3.5 1.22 2.1
T102 /max. 3.0/ 2.75 2.4
Ca0 max. 1.3 0.69 3.0 /Y/
Mgl max, 0.2 0.10 2.0 /y/
Na20+K20 max, 0.2 0.37 0.1
L.0.I. /max.15.0/ 13.12 14.7

1 = Specification for "guaranteed quality" by UNIDO expert /2/
2 = Egtablished by MINNOVA for blend D

3 = Established by -INLOVA to be the average composition of the
60=ton feed for the pilot-scale test.

.’/‘ \

]
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Material received by the first shipment was fed into

the pilot plant column without delay to compensate for

the time spent for materiai selection. Further quantities
were fed into the system subsequently. In view of the

large -1 mm fraction, flow problems were anticipated

that were thought to result in lower leaching rate, thus
aggrevating the product quality problem arising from the
presence of +4 mm material, Figure 2/1 shows the pilot-
scale leaching plant, demonstrated to representatives of
UNIDO and HINIC in July, 1985. Pilot-scale leaching of

the 60 t sample, described in detail in the Interim Report/3/,
was completed by the end of October, 1985. The first 8 tons
produced were calcihed at the Budapest facility of Magnezite
Works, Budapest, Approximately 6 tons of calcined and some
29 tons of uncalcined, de-ironed bauxite were collected

in December, 1985 by HINMNIC and shipped to Greece. The
leached, uncalcined product was analized chemically, as

well as for its minerological composition by both MINNOVA
and Société Hellenique de Surveillance S.A., Athens. The
results appear in Tables 2/5 and 2/6.

2.2.4, Yilot-scale calcination

In the calcination tests bricks were pressed from the de=~
ironed bauxite with 6 % moisture, using pressures of 800

to 1.200 bar; drying ard calcination were carried out in

& tunnel kiln with gas firing, /vidth: 2,2 m, 1length:

144 m/. The rreen bricks were dried for 4 days at 6C to

80 °C, The tunnel kiln had a maximum temperature of 1,6¢0 °C,

*the height of the stacks was 1.3 m, The material was fired
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Table 2/4

Minerological composition

/all data in w. %/

Component 1 2
Diaspore 58.7 64.0
Boehmite Te5 -
Hematite 7.0 4,1
Goethite 13.0 18,53
wuartz . 1.5 -
Caolinite 1.0 6.6
Rutile 0.6 0.7
Anatase ' 1.8 365
Calcite 4.2 -
Corundum - 2,0
Other minerals and
H20 ' 4.7 1.0
' 100.6 " 100.2

1 = Average value, established by the lietal iiesearch Institue,
Pudapest, for saaplez taken from the two bauxite shimpents
subsequently processed in MINRKOVA pilot plant.

2 = Typical composition of diaspore-type Greek bauxite as it is
given by the UNIIO expert in this Technical report /2/.




at SK 29 to 30 for 4 hours and spent altoge:her 100 hours

in the kiln. Figure 2/2 shows the temperature distribution
of the kiln,

Several samples have been taken from this material. These
were subsequently evaluated by the refractory makeis MIM,
Budapest, and Ideal Refractories, Athens, as well as

Surveillance, Athens, Chemical analysis data are presented

in Table 2[1.

Minerological analyses of calcined, refractory material
made from the pilot-scale test product were also performed
both by MIM and Ideal Refractories, These results are

given in Tatle 2(8. iiespective results by Surveillance,

if any, did not reach us in time to be included here,

The calcined, refractory grade bauxite from thne pilot-scale
test was measured in the laboratories of MIF, Budapest for

its physical properties. iesulis are presented in Table 2/9.

-

Different compositions have then been made using the dried
material from the pilot-scale test, clay,-alumina and other
ingredients, to adjusf the properties of the raw material,
Tests wi&h these compositions, data from which are

presented in Table 2/9, confirmed that all relevant para-
meters of the refractory material wmade from such compdsitions
were acceptable, liicroscopic investigations presented in
Pimures 2/3 and 2/4 confirmed that the relative inhomogenity

of calcined material was significantly reduced in the product.

!
!
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Table 2/5

Chemical analysis data

/all data in w. %/

Component 1l 2 3
A1203 7.3 75.5 56.7
Fe203 1.65 1.96 18,6
3102 2.14 4,75 2.1
TiO2 2.81 3.22 2.4
Ca0 0.57 0.07 3.0
MgO x 0.10 2.0
Na20+K20 x 0.1l8 0.1
L.0.I1. 14,62 14.46 14.7

1 = MINNOVA analysis

2 = Surveillance analysis

of the.de-ironed product
from the pilot-scale test

3 = MINNOVA analysis of the fced of the pilot scale test




Table 2[6

Minerological composition data

/all data in w, %/

Component in bauxite feed | in de-ironed product
Diaspore 58,7 T7.4

Boehmite 7.5 12.6

Hematite 7.0 1.5

Geethite 13.0. -

:uartz 1.5 1.5
Caolinite 1.0 1.5

Rutile 0.6 0.7

Anatase 1.8 2.1

Calcite 4,2 -
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Table 2/7

Chemical composition of the product from the pilot-scale
test /calcined/,
/A1l data in w, %/

Component 1 2 3 4
A1203 88.37 89.51 88,0 min, 88
2 3 1.98 2.53 2.28 | max. 1.7

S$i0, 3.58 3.37 5.53 | max, 6.5
TiO2 3.49 3.68 3.75 | max. 3.5
Ca0 0.68 0.10 0.08 | max. 0,2
MgO x 0.20 0.12 | max, 0.2
K20+Ka20 0.20 0.12 0.21 | max. 0,2

1 = Average from repeated analyses by MIM,

2 = As found by Surveillance /4/.

3 = Calculated from Zolumn 2 of Table 2/5

4 = Preliminary target specification, confirmed by UNIDO

expert /2/.




Table 2/8
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.Minerolozical analysis data

/all data in w. %/

Components 2 3 4 5 6

Corundum 60 ~ 80 60 75 75 80-90
Mullite 15 ~10 10 0 0 max., 5
Tialite 10 |~s 10 10 10 | max. 6
Glass phase 15 20 10=15 15 max., 8

& W N
"

= As found by MIM,

As found by HIMIC; /no additive/

Budapest; /no additive/

catalitic agent/

= As found by Ideal Refractories /Athens/; /no additive/

= As found by Ideal Refractories; /sample prepared with

5 = As found by Ideal Refractories; /sample prepared with

catalitic agent and ground and 51zed/

6 = Ireliminary target specification confirmed by uNIDO
expert /2/.




- 24 -

Table 2(9

- Comparative data on physical properties chemical and

minerological composition

Troperties 1 2
Bulk density /gr/cmB/ 3.25 3.38
water absorbtion /%/ 4,8 2.8
porosity 15.4 9.5
Chemical composition
/in w. %/
A1203 88.37 |]88.58
FeZO3 1.98 1l.41
Phases /in w, %/
Corundum 60 . 80
Mullite 15 10
Tiolite 10 |5 :
Amorphous ' 15 5
/
* = Calcined beneficiated bauxite /as is/

2 = Composition containing 75 % beneficiated

bauxite




Figure 2/3

Structure of the calcined refractory grade bauxite
./Magnification factor: 42/
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"Figure 2/4

Structure of the material made from a composition contain-
ing 75 % dried, uncalcined refractory grade bauxite from
the pillol seale Lest and 20 % alumina, ¢round, fired at
1.630 °C and screened to -5 mm. /Magnitication factor: 42/
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A brick made from composition named G-2 was subjected

to a slag corrosion test according to the method described
in Hungarian Standard 5917-83, Slag composition charac-
teristic for Siemens-Martin furnaces with a basicity of

2.1 was used in test conducted at 1,580 Celsius. Penetration

was similar to that established for other high-alumina

refractory products,

2.2.5. Regeneration[lron oxide

In the mean time two batches of 5 m3 each spent liquor

had been processed at Vienna facility of Maschinenfabrik
Andritz, Ruthner Division. The chlorine content of the
spent liquor had been successfully converted to hydrochloric
acid and between 200 kg and 660 kg iron oxide /as shown

in Table 2/10/ were collected for each batch in the reactor
and in the cyclone of the regeneration plant, respectively.
A discussion of the process was held with representatives
of UNIDO and HIMIC, HIMIC was subsequently given 50 kg
samples of the +wo reactor oxide grades produced.

A detailed description of thé test and its results are

to be found in the Interim Report.

A sample of the reactor oxide produced from the unpurified
liquor has been treated in MINNOVA laboratory in Tata-
bénya to free it from waéer soluble chloride residues |
that did not dissociate at pyrolisis temperature /CaCl2

and others/. For this purpose lime milk was used and the

resulting product was washed repeatedly with water,

!




Table 2/10

_Chemical composition of iron oxide samples

/average values in %/

Component 1 2 3 4

03012 - - 17.1 16.6
A1203 - . - 308 309
Mg0 1 - - 8.2 7.6
other chlorides - - 0.hb 3.6

Reactor oxide from the purified liquor

1

2 Cyclone oxide from the purified liquor

3 = Reactor oxide from the unpurified liquor
4

Cyclone oxide from the unpurified liquor
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A one-liter sample of a suspension containing 37.4 % solids,
appropriately conditioned, was examined in the laboratory of
.a major paint maker for its suitability as a pigment for use
in /a/ concrete products, /b/ in dispersion paints and /c¢/
in alhyd-type paints. The examinations were conducted
according to the Hungarian Standards 10962 /'"Man-made iron
oxide red pigment"/, 21191 /"Pigments based on iron oxide"/
and 21189 /"Figments for the cement & concrete industry/.
The results also were compared to the properties to those

of the industry standard products of Bayer AG, Leverkusen.
Samples of pigmented concrete and of paints formulated were
- prepared, a set of which is being attached to HIMIC’s master
copy of this report.hThe vesults of the examinations are

shown in Table 2/11,

2,2,6, Additional tests on possibilities to improve
refractory properties

In May 1986 the test results then available have been discussed
in Athens, where representatives of UNDP, UNIDO, HIMIC, Ideal
Refractories and MINNOVA participated, The general feeling

was that the raw material used for the pilof-scale test was

not optimal and as a cbnsequence the properties of beneficiated
product were not up to the highest standard., Upon HIMIC’s
special request, MINNOVA égreed to perform additional laboratory
tests on two more bauxite samples, MINNOVA representatives

at the meeting asked that the type of bauxite called "grey/
/yellow" by the UNIDO expert and described on page 18 of his
report be prov}ded by HIMIC for these tests,




Table 2/11
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"Properties of iron oxide extracted from 60 t sample in the

pilot plant beneficiation test /after treatment/

Properties 1l 2 3
Iron oxide content /%/ - 82 86-88
oJ.O2 + A1203 - 4.5 6
Sieve residue /%/ 0.3 0.025 0.05
on 45, um mesh 0.3 0.025 0.05
on 125 mm mesh x 0.005 x
PH of the suspension 6=-8 6 6
water soluble salts 1.5 1.2 0.4
organic content none none none
permitted
"blooming” none none none
permitted
alkali resistance no colour | no colour j{no colour
change change change
colouring power \ .
/ratio of pigment e
to cement for sam 2 53 4.5 3
effect/ : -
compatibility with
acrilate dispersion - no yes
compatibility with
alhyde resin - yes yes

1 = Values specified in relevant Hungarian Standard

2 = Saaple
3 = Bayferrox brand product
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The samples - 35 kg eaéﬁ - were received early July, 1986.
.The sample 457/1 had a pale yellpw/brown colour, sample
457/2 had a fuller hue of the same colour, L0th samples
turned out to be blends of different grades., The samples
lost their yellow hue when washed in water. The chemical
composition of the two samples is shown in .able 2/12,

the minerological one in Tables 2/13 and 2/14.

Loth samples were then leached in laboratory glass columns
for 96 hours at 80 °C by using a hydrochloric acid
concentration of 438 gr/l in order to establish the limiting

residual iron oxide content, The results are shown in Tables

2/12, 2/13 and 2/14.

Calcination of the samples was deemed unnecessary as properties
superior to those of the beneficiated product from the pilote

scale test could not be expected,

In another attempt to improve the properties, beneficiated
Greek bauxite from the leaching/washing stage was subjected

to magnetic separatibn_in high intensity magnetic separator,
Field strength values between 1C.000 and 15.000 gauss have
been used and the material was passed through the system
repeatedly in order to get a first indication of the technical
viability of such a treatment of the sgaple. Table 2/15 shows
the results, It should be noted that magnetic separation tests
done on Guyana refractory grade bauxite in the United States,
as well as similar investigations conducted in Brazil have

been reported in the literature /4 /.




Lavle /12

and alter /2/ leaching

.Cunemical composition of samples 457/1 aad 4.7/2 before /1/

2

Compoiieut. 457/1 457/2
1 2 1 2
31203 6T7.75 78.25 €3.95 718.2
Ji@z 1.49 0.97 2.27 0.93Y
TGZGT 9.09 2.78 15..,2 2.05
L0 .18 2,90 2.9% 2.95




Table 2/13

Minerological composition of 457/1, before /1/ and after /2/
leaching test

/all data in w, %/

Component 1l 2
Diaspore 18 84
Boehmite 6 10
Anatase .2 2
Rutile 1 1
Hematite - 8 3
Goethite 4 -
Calcite 1 - i

Table 2/14
Minerological composition of 457/2, before /1/ and after /2/
leaching test _ \

-

/all data in w., %/ \

i

Component 'i 2
Diaspore © 56 83
Doehmite ;20 '7' 11
Anatase ' 2 2
Rutile ; 1l 1l
llematite : 14 3
;oethite / 5 |-

Calcite | 2 -
|




Table 2[12

Results of a laboratory magnetic separation test

/A1l data in w, %/

Material 1 2 3

Initial sample 100 1.8 100
paramagnetic fraction 6.87 2.7 10.5
diamagnetic fraction 93.13 1.73 89.5

Diamacnetic fraction from
the first run

paramagnetic fr. 3,82 2.5 5.61
diamagnetic fr. 89.3 1.6 83%.88

1 = Relative amount of fraction /initial sample = 100 %/
2 = Fezo3 content of fraction
3 =

Relative amount of Fe203/F9203 content of initial
sample = 100 %/




——— - 34 =

3, pvaluation of the test results

108t hydrometallurgical processes are made cumbersome and

costly by the following technological stages:

- the grinding of the raw materials |

- the provision of the higher than ambient temperature
required for the clhiemical reactions

- the mixing and the separation by filtration of the fluid
and solid phases

- the evaporation of the so arising relatively dilute

solutions and its power consumption,

The technology jointly developed by Tatabdnya Coal iiines,
Mecsek Ore Mines, both of Hungary and Andritz-Ruthner Industrie-
anlagen AG, of Austria, for reducing the iron content of
bauxites by hydrochlorid acid treatment is a hydrometallurgical
process without the above starfes. At ambient temperature,
namely, concentrated hydrochloric acid does not attack the
aluminium minerals and it dissolves iron from bauxite se=-
lectively. By keeping the flow of the solution at a slow

rate the mixing of the fluid and solid phases and the
production of a slurry can be prevented while the proper
permeability of the bauxite bed can be insured by the correct
determination of the upper and lower particle sizes of the
bauxite., To ensure a possible maximum iron concentration in

the iron chloride solution arising during digestion, a

countercurrent ieaching process has been developed.




10 zmeet the above cri eria tie zaximum and winimus partvicle
sizes, the rate of svivuat flow, the nwaber of ihe acid treatin
wnits connected in co wtercurrect ana the duration of the acid
treatnent best suited for the process must be deteruined

separately for each type of bauxite.

Tlie efficiency of the chemical processes taking place durinrs

the acid treatment ari the residual iron content in tihe product
following it depends .ot only ca the above outlined requirements
but also on the mine: :logical composition of the starting

material,

To establish the relctionships valid for the diasporic Greek
bauxite examinations were launched in 1983 at the Department
of Mineralogy of the Chemical University of Veszprém under

the guidance of Prof. E, lemecz. The report drawn up on their

result is enclosed as innex I of this Report.

Tests done prior to #uad under the UNIDO Sub-Contract provided
some information regicrding the type of correlation that
exists between the mineral couposition of the bauxite feed

and the conditions oif leaching.

Tables 3/1 and 3/2 slow the minerological composition of

9 bauxites received from Greece, their initial and eventual

iron oxide content a: well as some computed parameters,

Although the data is not sufflcient for a full statistical

correlation the folluwing observatlions can be made:




Table 3/1
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Initial minerological composition and iron oxide contents

of GCreek bauxites tested in 1982

Samples | Minerological _ Iron oxide
composition content /%/
initial m in
calcined
product
1/82 much goethite, little
hematite 16.7 1.3
2/82 little goethite, medium
hematite 13.4 1.6
3/82 little goethite, medium
hematite 8.5 2.0
4/e2 little goethite, much
hematite 13.7 2.2




Table 3[2

The effect of initial minerological composition on the iron oxide content

calcined beneficiated bauxite

of the

Sample
nAn ;U 60 475/1 475/2
jiematite, % 11 22 7 /1.5/ 8 /3/ 14 /3/
boetnite, % 2 2 hs -/ 4 /-1 5 /-/
Tnitial Fey05, % 12.2 23 17.8 9.1 15.5
lE‘ezO3 in cealcined
prOduct, % 2045 3.54 205 208 207
- jDiaspore, % 13 30 59 18 56
Boehmite, % 4 35 8 6 20
Diaspore
Toehmi ie 18.25 0.86) 7.4 13 2.8
Hematlte . 100, % 90,2 95.7 139.3 87.9 90.3
initial Fe,0,
"L Hematite, % 87.5 90.9 |80 80.4 89,2

-LE-




Iron oxide remaining in the calcined refractory rrade
bauxite is not proportional to the initial iroiw oxide

contents of the bauxite teed,

2. Goetnite type iron oxidcs can fully cissolved with the

Tatabinya process from daiasporic bauxites.

3. Lematite type iron oxides can be removed witi tne
Tatabdnya process with an 80-91 % efficiency from

diasporic bauxites,

4, The ratio of diaspore to boehmite coes not appear

to have an effect on the solubility ol hematite,

5. Thne iron oxide content of the calcined beneficiated
bauxite apparently alsc (epends on factors other than

zinerological composition,

The rate of acid treatment depends on the diffusive processes
taking place in the particles, A lower concentration sradieat
reduces the rate of diffusion, with increasing particle size

the time required for the reduction of iron grows exponentially.

If the particles of the Greek bauxite are 4 mm the acid
treatment of the charge in one column takes 3C days, It

nas been establishec tnat a single wm larger particle size
would increase bveneficiation time by nearly 100 per cent
while if the maximum particle size is, say, 3.15 mm, the
beneficiation of the bauxite examined would require a sliorter

period of time /Firure 3/1/. It should however be remembered

that the smaller the particle size to which the raw bauxite

is ground, the more will be the dusty fraction, unsuited
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Figure .3/1 leaching time vs. grain size

sample D




for the inteadec process, Desides, the reductioxn o i.e
particle size would increase the dancer of uistur-ec ilow,

canal formation and disturbances in the permeavility.

The formation of canals would result in uneven coatact

between the bauxite and the acid,

The smallest particle size ani the pertainin: maximum {low
rate must be established by runnin; tests. In tue course of
pilot tests the flow rate was cdeterwined at 7.5 cuw/h /this
is the rate at which the liquid level rises in an eupty
column/. The permissible smallest particle size may be

somewhere between 0.5 and 1.0 mm,

The pilot scale test has show:2 tiat the rard diasporic structure
of the Greex bauxite is one of its ;reat assets, i.e, it is

not prone to fra:mentation by the acid., rccordinsly the
probability of disturbances of flow is much lower than with

gibbgitic bauxites.

The acid treatment cycle usins five columns applied in the
large-scale laboratory experiuents was chosen oa the basis

of experience ;jained with Hungarian bauxites, but the hLi:her
stability of the Greek tauxites allows higher rates in washing
and favourable modifications of the technological cycle,
According to the wodified tecinolo~y acid treatment cycles

can be completed in 40 day with only four columns: three times
ten days in each cycle for the acid treatmexunt which leaves
ten days for washing and dischar:e, This modification reduces

the specific investment cost with Greek bauxite,
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As regards further processin:, the Gtreek bauxite oifers
a further advaniaze in thnat alter washing, ii needs uo

filtration. After drairning via the tottom of the coluu:
tie moisture content of the iauxite will ve as low as 15

to 20 % /30 to 35 % with the Hungarian bauxite/.

From the diasporic bauxite eiamined, uuder a pressure of
approximately 1000 bar, bricks can be produced, without
bonding materials, by dry pressing or semi-dry pressing

and calcined in tunnel kilas.

Tne calcined refractory :;rade bauxite mace in the pilot
scale test was tound to be o: medium qualily, couwparable
to Chinese Grade I and Grade II vauxites. Its propertiies
d¢o not match those of the rroy bauxite irow tune “rd
horizon of tne "rarnassus-iiona-iielikon" re;ion tested

in laboratory.

The by=-product from the pilot scale Leneiiciation of

tauxite could be turned into a pigment rrace irox oxide

comparable to rayferrox grad products.
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4, rariey avpraisal and production pro: ré...c {Qr rerlaciory

rrace bauxites

In this chapter comprehensive information on the uarketr lor
refractory :<rade bauxites given by the ULIL Lxpert in Lis
iieport /2/ will be conplemented anc a production pro -raiuie

will be proposed for products based on Ureek raw material,

4,1. herfractory rrade bauxiies

The bauxite world production is in the ran,e o1 S0 to G0
million tons per year; nearly 95 % of all bvauxite mined is
converted to alumina by the Layer process and o:ly about

one and a half percent is sold as refractory grade bauxite.
Tr.e market leader is Guymin /Guayana/ with a 1985 production
capacity of 950 tnousand tons calcined bauxite, actually
selling about 40C thousand tons refractory prade aud about
100.0C0 tons abrasive grade iaterial. China’s export gsrows
at a rapid pace and its sale:s are reportedly approacning

0.5 million tous a year, par. ol this bein; calcined ia
liassa, near Livorano in Italy. Surinam, falaysia and the U3A
are producing between 50.0C0 and 100.CCU tons refractory
grade bauxite each, India and Brazil are also procucers,
mostly for the domestic market, South Africa is selling

a comparavle material called Andalusite., Australia does not
sell refractory grade bauxite yet, but a part of its calecine
ed abrasive grade material /annual production in 1980=285,000
tons/ is processed into brow: fused alumina and sold to

refractory makers as high alumina, low iron material,

Refractory grade bauxite is ..ormally offered as a calcined




product. It typically has low iron and low silica comnie.i:,
The industry standard, agains® which the otiers are jud;ec
is the so-called Kefractory aggrecate Supercalcined /risC/,
availavle from Guayana througi. the U.3. Company Fhilip
Brothers., This product is specified to have max. 2.5 s
Fe203, max, 7.5 7 Si0,, max. 3.5 4 Ti0, and min. 86,5 %

1,05 /the latter often nearer to 9C %/. /5/

The Shanghai International irading Co. harncling the export
of some of the Chinese refractory grade calcined vauxites

only specifies Alzo3 and iron oxide contents, “he latter is
max. 2 % the former is min. 85 % for ’Super Grade’ and min,

80 % for 'better Grade’. /€/

Minmetals also sells Chinese refractory grade bauxite. Two
grades are offered: Grade I and Crade II, Grade I typically

has 87.50 4 Al,05, € % 5i0,, 1.50 % Fey04, 3.70 ji ©i0y,

0.20 loss on ignition and a bulk specific gravity of 3.10

e/cu’, Grade II has 84,50 % Al,0,, 6.50 % 5i0,, 1.50 %

39

Fe203, 4 % Ti0,, 0.20 % loss on ipnition and a bst or 2.80
g/cm’ /5/. liost producers offer lower quality pgrades as well
- Guymine has a 84 .. min, #lp04, 86 2.0 material, the Chinese

are sellin: "calcined diaspores" /having 50 to 70 % A1203/ /€/.

These materials are often treated before calcination, Chinese
and Indian refractory bauxites are handselected, and partially
calcined., Guayanese bauxite is washed, dried and screened,
Ylone of the products available on the market is known to

have undergone hydrometallurgical beneficiation, though,




Tecrnical cevelopaent in tihae market is joins i1 the divection
of increased AIZO3 content /up to ¢3F %/, decreasec uiaz /as
low as 3.25 %/, L1105 /as low as 2.5 Y%/ aud FeZC3 conveuts

/as low as 1.25 %/. Guynine, the state owned procucer ol the
RASC grade aims at a specification of £3CG min. 3.c and max,

5 % porosity and is reported to be workiug on a flotation
o

method to reacn this. /7/

4.2, Uses &nd applications

The main use for material called refractory grade vauxite
is in the production of high alumina refractories. Tncse
represent a growing portion ¢f the refractory materials
used, as alumino—siiicate bac 2d products lose ground due

to inferior refractoriness a..d streavih, deiractory :grade
bauxite’s use, however, is not limited to refractory incus-
try: it has other applicatio:rs as anti-skia surfacin; of
roads aand floors, is used in the manufacture of unith
streagth porcelain as well ac in coatings of weldin, rods,
etc. “he u.calcined low-iron nauxite hes various additional
applications,., whea processed into aluminum sulpnate it is
widely used in water purificeation and in paper manulacture,
As thermally activated lauxite, it is solcd in the UoA as an
absorbvaat for desulphurisation, decolorisation and as dry-

ing agent in food and chemiczl processing industries.

As the refractory use compone.it of the demand decreases with

technical process in steel mei:ing /specific consumption of

refractories was reduced in VW-Germany from 26 kg in 1960




to 15 k; i2 168C for a ton of steel/ and ne,ative :row:ih

of the iroa and steel industry in many parts of tuie worla,

and non-rerractory uses of tne same grade stagnate or ;row

/e.c. in water purification/ it is hard to say whether more
or less hich alumina, low iron vauxite can be sold in 5 or

10 years tine.

4,3, Frrices

Irice inrormation appearing in Industrial :inerals, a wonthe
ly publisned by ifetal Bulletin Journals, Litd, in London
provides a periodical guide to the prices obtained vy pro-
ducers and Cealers. In the past 5 years the three wwajor

rrades on tne warkel have peexn quoted as appears in Yable

/1.

The RASC srade from Guayana rave sufferec some price loss
in the early 1980’s, but as the supply situation normalized,
its price has not changed much in dollar terus. /Luropean
users able to buy full shiplcads are of course payins up

to 20 % less in tueir own currency now as itie collar iell./
Chinese producers could contiauously improve the quality

ol their product and this is reflected in the prices, too.
The present average prices of L 85 and 77 are the equiva-
lent of USD 127.5 and 115,5, respectively, which says that
the RASC is still considered to be superior to the Chinese
Grades., This difference is even more pronounced tnan it

may sesm since the price for the Guyanese material is quoted
F.,0.B. Baltimore and there is additional freight of USD 35-

o0 /ton plus to be paid by the European user., The authors




Table 4/1
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Prices of refractory grade bruxites

/Source: Industrial Minerals, London/

Chinese bau..ite
CGrade I /typical

Chinese bauxite

Grade II /typical

Guayana
bauxite

CI Zuropea.. Puropean port /8/t/

port /L/t/ /L/t/
Auzust, 1981 76 68" 204.16
January, 1982 13 62.5 214.53
September, 1982 73 62.5 200.95
February, 1983 - 713 62.5 172.23%
December, 1334 78=80 T1=T73 1€4.28
rebruary, 1985 78=80 11=73 1¢€4,28
July, 1985 84-86 76-178 164.28
flarch, 198¢ 84-86 76=-78 1le4.28
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are not aware of a numerical formula tkhat could be used to
weigh the influence of the vearious technical parameters on
thie price of this material, -t is apparent, though, that
A1203 and FeZO3 contents are just two of the many factors
effecting the price, one of <he reasons being that the

different grades are not nec:ssarily substitutable for each

other,

Actual contract prices are e fected, among other things,

by the customers? ability to by a full shipload on the one
hand and on the grain size, delivery times, and vendor’s
reliability record, etc, Ground and sized grain fractions
would typically sell at a 15 to 20 pct. premium over the
standard KASC price. The cos. to the refractory maker may
incluce freignt, customs dut. , handling charges, commissions,
etec, 0Of these freight, espec:ally if by rail, can be guite
significant, /Users in Centrzl Zurope are paying up to

i 100/ton for freight./

A comparison of the prices of refractory grade bauxite

with abrasive srade /min. 86 % A1203, permitted to have

up to > % each of iron oxide and titania/ shows this

latter grade to have stable - rices of about 20 % less than
the Chinese urade 11, Indust.rrial iiinerals has been quoting

a price ran-ce between % 57 a:.d 66/ton for the past 24 monihs

/UsSD 85,5-99/ton/ for abrasiive grade calcined bauxite, CIF

European port,
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Alinough refraciory grade calcined bauxite prices hLave bLeen
fairly stable recently and this is what this report assumes
for the 1life of the project as well, there is a potential
for changes: Folitical disturbances can result in a shortage
of supply as experienced towards the end of the 1970’s, an
increase in the energy prices /at their lowest level for 13
years in real terms at the time of writinz/ could push up

cost of calciration, etc,

As mary refractory makers are developing new products and
continuously try to cut costs to make existing ones there

is pleniy of opportunity to exploit the individual benefits

of a new material,
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4,4, Tne Greek products: possible markets

This report covers experimen.al work concucted on several
Greek bauxite grades, In the authors opinion, which is in
full agreenent with the reco.zendation given by the UXILO
Expert in his zeport /2/, tlL.. objective of a project to
beneficiate Ureek vauxite shculd be to produce a product
quality that is second to no:.e in the market. This.is
definitely not the case with the product from the pilot
scale test, althoush this matlerial is a high alumina, low

iron bauxite,

As a laboratory work showed ;.able 2/1 and Table 2/2/

sample 3/82 could be process i into a calcined product

that is superior to RASC gra e. As a result of the beneficia-
tion, iv would have a higher degree of reproducibility and
homogcenity. There are indications from further tests
conducted by third parties, ‘hat this material could yield

an excelient quality trown fiiged alumina, sold normally as
abrasive as well as raw mate:'ial for high alumina refracto-
ries, Further work could expose additional benefits of the
material over competition, ac well as furtuner applications

poszibilities,

In Greece the beneficiated bauxite could substitute imports
now running in the range of 10-15 thousand tons a year, It
could be used also in Greece to produce high quality

refractory products for expori in the lMiddle East, in the

Soviet Union and other countiies, Vhile the Soviet Union is




the biggest steelwaker in the world and it has its own
refractory producers, Greek-_.oviet trade relations may

prove close enough to provide opportunity for the developument
of this business, The fact t.:iat the Soviet Union is playing
a key role in the establisim:.nt of the new Greek alumina
plant is protably izportant, as large Soviet exports are

due that will have to Dbe bal«cnced by Creece,

Steel making is at a relatively low output level in the
Middle Last now, Current procuction is reportedly about 5
million tons a year. There is apparently no local refractory
production in the region, As detailed statistics were not
available to the authors, co:.sumption of refractory grade
bauxite and equivalents has recen estimated as follows:
felating EEC’s imports of soie 300,C00 tons refractory

grade calcined bauxite and iws steel production of roughly
125 million tons to the steel production in the iiiddle

Fast, the latter’s consumption is put in the 12 to 15 thousand

ton range,

It should also be possible to export the refractory grade

calcined bauxite, In this cane markets would include the

Soviet Union, Buropean count.ies, etc.




4,5 Frrocuction pro-raunme, ravenues

Tne performance of a bcneficiation plant produciiy refractory
fgrade pauxite will depend f¢ a2 large extent on its raw
material, as demonstrated ir crapters 2 and 7 of tais report.
The use of inferior raw matecial will result in lower procuct
quality aad may also increacz prcduction costs, iAs input
material varies over time, ciie approach can be to blead the
raw raterial and/or tue proluct to ensure consistent quality
for the latter. .\nother way can be to produce more than oue
final product gracde., It may be practical from the marketing
point of view also, to have several product grades at
different prices, for diffe:ent customers, As treatment time
increases quasi-exponentially with decrease in residual
ironoxide content and leach:in< time i1s an impertant element
in the cost of operation, a: uescribed in Section 7.2, it

may be prohibitive for cost reasons to keep processing an

inferior raw material for an extended period of time,

The price of the beneficiated material will be affected by
the cost to make it as well as by the supply/demand situation,
The extent to which competii.; materials be substituted aad
vica versa will e importan’, too., Zven in the hypothetical
case of a full two-way subs,itutability, however, tnere

would ve differences in tiie prices obtained for the two
equivalent materials, In th.s report the assumption has been
made that the top quality m: terial characterized in Tables
2/1 and 2/2 conld be sold fcr net ex-plant price in the range
of USD 165 to . /Drs. 22, .70 to 26,600/, this range being
centered on 390 % of the CIF¥ jrice of the RASC grade, lumps,
loose /1 USD = Drs 1%5/.




2

The medium rrade produced in iiie pilot plant and characterized

in Dables ¢/7, 2/3 and 2/9 cculd be used as hich alumina,

low iron relraciory material, =oo, :irice of this material
liag been relatec in tals repcrt to that of the Chinese
refractory vauxites, Tle net ex-plant selling price rance
for this grade has Teen selected as Letween Drs 15,4CC and
18,20C/ ton /USD 114-135/, centered on the average of prices

of tune Chinesze Grade I and II materials.

Revenue estimates in ianle //2 Zor plant capacities raanging
frem 20,CC0C to 80,0CC tons hLave been made for the two

ey trene cases of producing 1C0 % top grade or 10C % mecium
frade product, taking both low and high limits of the price
ranjes into account, FPrice przaium possible for ground
material sold in bapgs is not considered in "he Table, but

a 6 percent expert subsidy is.




Table 4[2

Exportl revenue from bauxite sales

/in #000,000 Drs/

Peed grade S 8%
Ontput in 2T 4G (.C 20

£0C0O Lous

LReverue at

1. 130 114 per ton |22 1653 979 | 1,306
/Lrs 15,400 + 5 %/ i

TAPRT tTC I a2

e e e s

2. U3L 15 per ton ’ 5 ; .
/irs 22,40 + & /0 0 =t -

RO T O

7. US 125 per 1
/ors 18,200 +

4, U3D 197 per ton
/irs 2¢,°CC + & %/ -

O

~
o~

Lxport subsidy: 6
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In the TATLABLIYA process refraictory jrace bauxite is pro-
cuced by removing & wajor pax: ol the initial iron oxide
content of the feedstock. The iron chemically bound in
iron chloride at the end of tihe leaching stare is turmed
into iron oxide azain in the 2cid regzeneration stare., ‘‘his
iron oxide has a various impurities depending on thie compo-
sition of the liquor, oa the roasting temperature, and on
other factors. It is apparent from Table 2/10 in Chapter 2
that there is a substantial & :ount of impurities in the
iron oxide procuced from the :ntreated liquors of the
leaching/washing stage. Impur.-ties could be significantly
reduced by intermeciate ion-e.ichiange purification, uescribed
in detail in the Iaterix Repo *t, This however is a cosily
process, The alternative way, that is to purify iron oxide
afterwards, is uucn cheaper. .s Tatle 2/11 in Chapter 2
snows this material is simile.” to what is used as pigment

for colourinz

)

concrete and sc e other building materials,
lespective laboratory tests d:scribed in Chapter 2 counlirued
this and indicated further tr .t it may be possible to use
the purified and processed re enerated iron oxide in

alkyd resin paint systems, Ba.-ed on coansultations with
RTR=Ruthner GmbH the authors Ieel, however that it will

not be economically feasible *o process iron oxide from
Greek bauxite for use in the ‘esrrite industry, as proposed
by the UNIDO expert in his Rerort /2/, purity requirements

there being more strict.
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Iron oxide is the secoud larest colour ia tue world, aiter
titanium dioxide; its market share exceeds that of all otuer
colou:sed pi;sments combined, Iresent estimated world market
is 670.000 tomns, abeout 50 |. of which is supplied by DBayer

ol Leverkusen, (ermany and its subsidiaries. Various chemical
processes are used to supply about 85 ;i of the market; the
balance is natural iron oxides, “he most important use

/€0 ¢ worldwice/ is to colour coxrcrete. /Coloured nortar,
concrete paving stones, concrate roof tiles, etc./

Coatin applications /29 % wc.ldwide/ including anticor=-
rosion paint, latex, efc, as vell as use in tne plastic,
/trash btags/ paper and other industries should also ve
mentioned, Ircon oxide red acc.unts for approximately 43 .. of
the US iron oxide consumption, with yellow, black and brown
following /8/. The a2uthors es:imate that the Greek market
for rerenerated iron oxide pi ment could be developped to

reach 5,000 tons a year,

Iron oxide pisments contribut: little to the cost of the
coloured product, as they are relatively clieap and are used
in low percentages /Zayer recoaumends tue use of % parts
pigment for 100 parts cement “or concrete colouring appli-
cationsg/. Manufacturers norma .ly offer a rance of shades

in red, brown, yellow and black, The prices of the Bayer
products are up to 30 % above those of the cohpetition. Bay-
ferrox Brown 645 T, a grade s:milar in shade to the pigment

made from the material used i: the pilot scale test, is

currently sold in Austria for 5S 1988 /USD 136/ - per 100 kg
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/mininua lot size 500 k./, ex warehouse in .Jienna. The

export gquotation price for tie same grade for a 10CO touns/year
has been stable for the past years at around ili 200G/toxn

/U3D 1000/ tor/ FCO Furth/Geruany., Red anc yellow rades

are sold at within 10 5% of tiis price, black is about 35 .
cheaper, An operator of xutn.er spray-roasting eguipment

in V-Cermany is obtaining veiween it 5CC and 80C/ton iron
oxide /USD .25 - .50/kc/, which nhowever requires further

conditioning wnen used as a unicment,

5.3, 1Revenue from iron oxic - sales

To estimate the revenue from iron oxide sales it is assuued
that iron oxide produced in the bauxite beneficiation plant
will be processed to pisment grade using a proprietary tech-
nology. Considerins the fine granulormetry of the spray
roasted iron oxide, this is est done within the plant., For
simplicity’s sake, one grade only is counsidered, althoupu
it should be possible to proiuce different shades of brown

and possitly red,

“able 7/1 shows the revenues for various plant sizes based
on the assumpticn that the total amount is soid at one

price. (uanrtities used in tils table have been taken from

tle material balance in Sectlon €.1, and from similar talan-
ces not appearings in the Feport, In order to make a sensi-
tivity analysis possible, a . rice range has been used, This
is centered on Irs 21/kg /U3D .15/kg/, and covers the Drs 14
/USD .10/ to Drs 28 /USD .20/ range, The l1ow price is propos=

ed to attract sufficient int-rest for the product and to

leave room for cost of promo.ion and distribution,
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In this chapter tecihnical and technolocical information
is given on the Tatavinya process axng on a plant wita

an anrual output of 40,000 tons of calcized refractory
gracde tauxite, based on the u.ez of ihe same raw material
as in the pilot plant test., Bstimated material flows and
balances appear also for the high grade raw material /83/
krown from earlier testing for the sake of comparison

as well as to make the financial and business evaluation

in subsequeant parts of this Report possible,

Using the findinss from laboratory and pilot plant tests,
detailed information is provided on the material flows

of the plant, on the individuzl processes and techrnological
steps includiug pollution conirol and enviroamental
protection measures, Zasic en-ineerinz data is presented

for the eguipuent and machinery reeded., Location criteria

are reviewed briefly and a layout is proposed.

Data from this clapter togethcr with data on other plant
variants generated similarly is used in subvsequent part of
this Report for purposes of financial and economic

evaluation.
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..aterial tvarances i1or the eriuind rate raw maierial are

14

tasel on e a.aiysis apped tin in Joluun I of Jalle 2/

it

for tie Teed, in Columa 2 ¢ salle 2/7 Tor ihe Lauxite

product and irn iable 2/10 Zor the iron oxide procuct,

Tie relevant ciiemical reacvions takin: place in the leaculin:

step are as ifollows:

re,0, + ¢ 1C1 2 FeCl. + 3 1,0
TJCZ + 4 EC1 TiCl, + 2 I
&

“alzs LY and .2 sihow 1. distributio:n of Lirne various

elements of the nmediun--ra. 2 and nish grade Lauxite feeds
-+

tetween tue *wiiite? bvauxit: product and wne iroan oxide

o

profuct, irndicatin- also 1.e yields of the above chemical

3

reactions for the mefium - ale material, Resulis for t:ie

n material are for orie. tation only.

4~

«

Az

$Y)

“re full material talance ced on the pilot scale test of

tre medium grade material :ppears in Table /3,

A Srarky dia ram of materi:cl flows connected with bauxite

appear in Taonle ©/4,
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In ¥i ure %/ material flows for medium rrade /835/

raw material are presented in a tlock diagranm,
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Tabhle /1

Distribtution ol eleme.is ol tlie medita grade feed between the products

slenents Elemerts mlements
in ihe feceqg in the calci:.ed Dissolved in the iron oxice
/1/ vauszite /27 product
% 01l Yo TOL to:n % to:ul o
Alzo3 54,0 1 3,618 89,51 PPryEiers 812 2.2 597 /4/ 5.1
FeZO3 17.8 112,070 2.53 1,012 11,058 |J1.6 11,053 94.1
Ch
210, 2.3 1 1,5¢0F  3.¢8 1,472 88 . 6 83 0.7 -
" ’ 3 .
Cal 2.9 1 1,90t G L % 40§ dlyveuv wunlU - /4 - 1
: . !
0 1.9 | 1,235) o.2 i 80 1,208 [9%.8 - /4l -
K20+Ka20 0.1 08 0.12 | 48 20 529.4 - /4/ ; -
moisture 4,9 340231 - - ."5,323/3,J - - -
loss on 7 .
icn, 14,1 9,561 0.49 196 9,5bgf§ - - - E
Total 100,C 67,303{100,0 4C, 060 27,803 } - 11,751 99.97

Notes: /1/ Taken irom Table 2/7 Colwan 2 aud adjusted for 4.9 % moisture

/2/ Teken from avanalysis by Surveillance, Athiens

/3/ vaporates durin- dryins and calcination
/4/ tissing material dischar ed as waste gas or effluent



‘able /2

Yistrioution of the elewents of the hich grade feed vetween the products

Ilements /1/ ilements in the /2/ wlements in the

in the feed calcined tauxite iron oxide product

o TOn 7 1oi 0 Ton
41,04 55,73 |38,024 91.82 3C,673 11.3 712 /4/
e 05 5.25 5,345 0.86 343 32.7 54002
SiO? 2.57 1,943 2,86 1,5%8 0.1 5
i‘iO2 2,76 1,593 De 83 1,710 .3 288
Sl L.l T Co v - /1)
Va,+i,0 0.125 72 0.1% 52 - - /47
noisture /3/1 4,91 2,833 - - - -
loss on
im. /7/EL13.45 T.775 - - - -
Total G, dan a7 502 ‘100, 1¢ 40,000 1006,0 L, CO7

_o%t-~ar /1) Yaken ifvom Lable

/2, Faken frem Tabvle
/3/ and /&/ see lravle &/1

2/1, Colwan 1 and adjusted ror 4.9 (o woisture

2/1, Column 2
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Table /.‘/ 3
naterial bvalances of a 4C,CCO ton plant to process
nediva rade /85/ rauxite

m5/§¥?ntityt/yr. oggzégic Remarks
/53
Leacnivn-
Iu: -auxite 46,128 67,3808 1,47 5 5 moistur:
Hydrochloric acid 76,737 88,247 1.15 3%0 g/1 EC1
Out: Iron crloride liquor 59,3243 82,641 1.46 130 g/l re
Pe-iro:ed bauxite - 34,002 56,73% 1.67 20 % moistu:
Calcium + raznesiun
solution 15,39C 20,031 1.34
vashing
Ir: De-iromed bauxite 34,002 56,783 1.67 20% moisture
Process water 96,582 56,582 1.00
Out: ’White’ bauxite 33,948 55,675 1.64
Acidic wash water I. 6,823 7,232 1,06 150 g&/1 HC1
Acidic wash water 1I. 27,371 27,918 1.02 50 g/1 EC1
icidic wash water III, 61,921 52,540 1.01 1 g/l KCl
Acid re~sneration
In: Iron chloride liguor 5%,864 75,641 1,46 130 g/l EC1
Acidic wash water I. €£,823 T,2%2 1,06 15C g/1 kEC1
Acidic wash water II. 27,371 27,918 1.02 50 g/1 HC1
TFrocess water 33,500 23,560 1,60
Coolin~ water 1,676,500 1,676,500 1,0C
Tuel oil 2,700 2,500 0.9% Caloric value
41 Fu/%
Steam - 29,500 150 °c,

saturated




Table €6/3 /Cont?d/

, . oSpeciiic ~
uvantit - - .
" y welsnt nemarks

n7/yr. t/yr. t/m3

Cut: Ivon oxide 277413¢ 12,754  0.47
Spent
coolin; water 1,e7¢,3C0 1,676,500 1.00

- ‘000 LmB/year
66,824 1.15 330 g/1 :iCl
32,742 1.02 6.8 g/1 #C1

rlue zas
ILC1
Thin acidic ligquor

A L]

O v W
o O

O W O

N W >_TI LS BT, |
oy W
(@)

condersation water Sy 29,3500 1,00
feidie coadenczate T L0 33,823 1.02 €.8 g/1 HC1
Calecination
In: “hite vauxite 7 338 55,¢75 1.67 20 % noisture
fuel oil €.700 5,300 0.93 Caroric value:
A1 W/t
Slaked lime 25 374 1.50

water feor flue
ras sceruiter 187,CCC 187,C00 1.00

Cut: Calcined bauxite 2¢ 15 40,C00 1.52

- _ . LD
tlue ras 136 200 - CCO La”/year

aste licuor Iron
ilue fas scruvler 157.%7¢ 158,550 1.G1

- 3

rrocveticy ol iron oxife pi o i

Ic: Iron coxide 27.17%5 12,754 C.47
Process water F18 2I0 218,850 1,60
Slaked lime 17 25 1.50

Additive 40 43 1.20

Cut: Iron oxide slurry 16 %23 22,000 1.20 50 % water
Sper:t wash water 294 9320 309,677 1.05
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iron oxide

hydrochloric
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1.07
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ACID REGENERATICHN

LEACIIING

{ E: 1.97

iron chloride solution
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0.51
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wash water I
0.18

acidic
wash water III
1.56

white
bauxite
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1.19

teble 6 /4

40/85 plan

%ram for the

Logs on

ignition
0.2%

DRYING

dried

white

bauxite
1.29
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; proces
- 96
| Ca/Mg solution
| 20,631 t
Bauxite |
from the mine
90,070 t |
/6.7 % moist./ | Dressed bauxite { Acidic deiron €d
I 67,808 t 56?783 t Dbauxi
PREPARATION 1 HC1L = LEACHING Iron chloride
| | S Iiquor
| | 88,247 t 78,641 t
1 |
I .
A-idic
Bauxite, -1 mm | Aol
/0.7 % moist./ I '
E cooling water flue gas
——————————— 1,676,500 t 54°10 N
Fresh HC1 '
21,423 % ~ : process water
?
gteam 33,500 t
29,500 % l
HC1 ::“"‘ _
66,824 T HC1 REGENERATION _

cooling water
1,676,500 t

condensation water
29,500 t
thin acidic liquor

33,742 ¢ *

acidic condensate
33,823 t

SECTION 1
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process water .
slaked lime
96,582 t Y

ACig%C5ﬁ%S% water I1I wash wa'‘er
) 16:7,000 ¢

t l Calcingd i

Refractory gra

idic deiron ed ‘
56,783 t Dbauxift White bauxits Bauxite |

on_chloride WASHING 55,675 t | CALCINATION 40,000 t
Iquor ]

Lcidic wash water idiz \ .
= Acidi fiue gas waste liguor

I wash water II 2
7,232 t 27,918 1 136°10% 1> 158,950 t
slaked lime
25 1
8 water
00 ¢t
additive
43 ¢
process water
3184550 1
Iron oxide . Pigmnent suspension
e 11 m VAW TN
wash water |
309,677 t |
pate Figure ¢/1

Block schematic with
material flows
T : /Plant size: 40.500 tons/yr/

J
e \’6“ | 'Z : Fzed grade: ’85° %
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Crusihing and screening tes s of ithe medium grade tauxite
are ouissice tie Terms of . ierence for tiiis project &s

it was Telt that tihe mires as<ed tTo supply tie raw waterial
would deliver the reguirel Sreain sice., It appcared, iowever,
that feed for =he plant will have to be purchased from

a nuuber of mines, possidlr 3 or 4., These will be able Vo
supply a cousistent grain cize bauxite, though tnis may

o~

dif{fer from mine to Zine,

If <his situation prevails in the future, a dressing {facility
rhas o te provided at the auxite processin; plant, Inroming
raterial has to be stored ‘estimated stora- e requirement

is 75 cays’ supply i.e. sc..e 15,000 tons bvauxite/, crushed,
craded, cround, dried, scr .cned, possibly blended and stored,
¥irure /2 shows a Ilowshe .% developped for the high grade
/8%/ raw wmaterial based on the limitead information available
or this material. 7The dres iar unit is laid out for

78,C00 tous tauxite of ac- ired grade /moisture content:

7.22 %/. Lpart from the procuction of 57,800 tons vauxite

suitatle for processing in the leachin- stage, soue 13,000

tons of fines /=0,5 w/ is produced /moisture coutent: 0.7 %/ .




//—;» caw cruchior

»] ..0ller crusie:

_ 57,800 1t
aw . /4.9/
uxite 1-4 mn 40,538 t /7.22/ . -
5,000 = Uradin: |
=] Crushin ) . ] Ges=l o
e - o Ly A2 ‘
Uryin- L] Sercenin [T/ pa
Jryiu;; OCTCEenL; C
| — i
12,600 t C=0, Du

Ju.1/

Note: Fi:ures in pareiliesls indicate moistiure con.lenc

Fi ure /2

taterial flows Tor preparation o Lauxiie

‘or
a 40,000 toxn plaut usi.. ul.n .race /T3,

jeelslock
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—auxitve havins suitatle grai. size is treated with

cocentrated nyaroculoric acid, Coluixis are rillec witl.

tauxite anc tue acic is sleo. .y ilowinj thrvough the fill,

The acid cycle /see Zi:ure ;i/ is carried out in four

columns nuatered br 1, 2, 3 2nd 4. L:zt’s assume thaz
colurn 1 is empiy and readqy Zor fillin., column 2 is

fed wita acid, coluan 3 reccives the solutioan leaviag
columa 2 aund column 4 celiv.zs the solution to the collecting

&
tank of the Lycrociloric acil rezenerator:

After a certein time, waen .ze ion coxncentration oI the
solution leavii column 4 Yt ~ins to decrease anc reachies

a deveriined 1lizit value /1.0-120 /1 Te/, the cycle is
stepped torward. The soluii n of column 4 is delivered To

the previously iilled or ju % Veing filled coluan 1,

Column 2 is disconnected fr a the acid, rinsing is started

in it, Tre otier columas ar . also stiepped up. In colwan 1,
after saturatioz with solut.on, the so=-called "calcium/
/magnesiumn solution' appear. which is neutralized., After
deconposition of the carbo.: .tes, Fe3+ concentration

increases in tre solution 1 :aving column 1 and at a given
corncentration the solution 3 switched over towards the
pyroliser. 10 days after t: start of charginz, the Fe '
content in the solution begins to decrease and the cycle

is stepped up azain., Column 3 is rinsed, column 2 is charged.

In this sequence columa 1 i3 being charged again on the

40th day,
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Lie 1liue ciarraa ol augove cycle is shown celow. .:e

«

elireviaziouns used meaxn /in ¢ ronnlo~ical order oi

a = rinsins + vzailte rezoval

3 = fiilir + drainiac tihe cz _iun/manesium solution +
oroduction of iron cilori .e soilurtion Tor tie pyrolizer

(@p]
It
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o 10 20 Z 40 50 50 /days/

rlage "AY couprises the follcrins steps:
-~ drainine the acid frow t.e bauxite; 12 hours
- rinsian~ with water; 152 .ours
- drainin

with wash water; 3 hours

ra

- reuwoving the bauxite; 23 hours

Tre tim2 required for pnase " ." is as follows:

~ charging: filling the co.umn voldc in the tauxite fill of
tie iron chlorice solution; €0 hours

- draining the calcium/mar:esium solution; 25 hours

- iron chloride solution t.> the pyrolizer, 155 hours
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tanks oi 4.4C 1 clianetler,

9 his., navine acid resistaat rubber liniug, arrancec in
two Gouble rous. Tncse columns are Ifilled from avove, by a
convsayor tracl moviasg o a dischare car, This eculpaent

p I TR RN - =l [T Y A ey ~ -~ Sy A T iy
snould be 1aic out to itransport 1C to-is/aour 0r Trie bauriv

<o percit ilhe contiruous fillin  of 2 column witain the 1C days’

cycle iz each of the six leaching units, After fillinz tre

1arks are closed with a cover preventinc the escape of acid

shows *the cz2ctional view of the leaching

- »
Durizs leaching 1038 1/nour ol Z0 % HC1 should flow through

the vauxite cnarce. . definit: hydrostatic pressure uust Lle

the tauxite cunarze,

provided for this purpose at the botiom of

From the pilot plant experiences, this caxn be achievead by

)

placins tie feed tark 5 m Lifler tian the upper level ol tie

Lauxite char-e, “ne leached aud thoroushly rinsed white vauxite

is removed throu n
e bauxite is fed
it to a covered up

£.,2,3 UCalciraticn

In accordance with

larre operings at the bottom of tie columnii,
on to a conveyor which in turn f{orwards

area, wher: tiue water is allowed to drain.

the requir:meats of the tunnel kiln used

for calcination the bauxite iz pressed into bricks., The crude
white bauxite should have 5 = 7 % moisture for this operation,
Therefore, it must ve dried tzfore pressing. Moist white bauxite
spread in a layer of 30 cm th.ckness will dry to a sufficient

extent within 7 - 9 days witkout forced drying. The dry
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5 Conveyor belt
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Figure €/4
Sectional view of the leachiig plant
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Lhne Lricis Trou iz press ar
c::b0o the kil trcllevs., 3.5

gacit 2.2 %X 2.5 w trolley. Ze-
counvent oi tihe ovricus zmust L.
—-v-ol"- ovrer e LR B2 ¥ at P
(¥4 1eYS8 speld <2 aours S
..8XT Tae cars pass into the

. . i ) s

ALTeYr celeinacion Tiic CLricliio

are crusuet aind screenec as .

Tad

;rade /83/ dauxite

[ -- L]
—i.€ TLeliwin

i1ittle Jines, cue tc its mech

H

uzter conveyor celt

o. tie press.

kY

vlaced by aun autoratic ciar gr
3.5 ol Trick may ve loaued on

.cre caicination, tne wmolsture

uced; Tne loaded kKiln

10 °

C in the Jryis: twizel.

~unnel kiln ior calcination.

srochar ed from tle trollevs

Siwired,

ig expected to yield relatvively

snical propertvies. & jaw

crusier ca.. e used to Treas iv 1o ~4C mna, 1In a furtner
crus.iin. sta~e, =10 ru material is procuced., noller crus..ers

and 2 2-lcvel vidrazion scra

rrai: sizes, sucn as the oile
as 0.5 - 1.2 mi, 1-3 rm, 3-L
h,2.,4 Iyirocnloric acid rcx

40st in denand:

can be used to produce various

1-3 im as well

wh, ete,
erztion

neurs? leacni:

/130-140 /1 re’*/ may ve ¢

S

vauxite Ior approx, 15% hour:

LA

, cycle, a hnirh FeCl, solution
J

off irom tne fresnly char;ed

and delivered for repeneratvion

to the pyrolysis type acid re eneration unit, For a

3 golution has

continuous operation of the p -rolizer 6CO m
to be stored, wuring the stor ~e the solid particles floatin:

in the iron chloride solution will settle and caa be removed,
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ad%ary Ifreod Ve iroi czlorids liguer two eiflue.nts

Iroa thie wazain, operaticns zre alsc recycled Tnrouii
the pyrolicer eud trhelr LCL centent is also recovered,

Tie ve, zmeratsd acid from e pyrolicer is fed into

a vuifer tanx, wnere [fresl. acid is adced to compe.isate

te2s5 _-rolucilon of iron ocxile pirmant

Lhe usetnod wsed in tile pilcst plant test Lvo up_rade the

iren oxidc powaer produced in nycdrcecihdloric acid regsueratic.
&: lom =Xcrair € procedure os been fouac to riagquire nwca
ecuinnent i couparison wiil the pocsible tveirefit aud

produced a Liin anount ol vaste solutions with nipu

l.erefore an aliernacive yrocess is considered to reiove
Tae convaninants from lhe iron oxice powder and couaition
it for use as a pitwent with good coloring properties.
Tlhe iron oxide powder leanving the pyrolizer is mixed
in a tank with asitasor with water and a lime milk
solutllo.n accordins to its culoricde couleat, Yle slurcy

is pumped invo a tanx witl: conical bottom for settlin:,

=3
i
@
ct
o
'—J.
()
)
&}

part is separat 2 Irom wost of the liquid on
a vacuun filter, fhe reta::.ed iron oxide is again aixed
with water in the tank wilh agitator. The slurry is
settled aad filtered, ¥as. ing with water is repeated.
The washing efficiency is increased by sprinkling wash

water onto the filter dur. .; filtering.
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“he reguired particle size ol T.e irci oXlue pijmect 18
oLiaiLed Ly wet ~rindinc. 4 sliory wita 56 % iron oxide
content is prepared from ihe Iiltered iron oxide a:nd tle
‘diitives for adjustin. the gquclity paraumeiers oI the
erd proiuct are tlended into tlis, Iwo btall «ills comaected
i4 series are used for finme ;rizdiag. The pizment slurry

is stored in tauks with aritatcrs. “he product can be

celivered inm plastic druus, or plastic contaliners, etlc.

Ui oure /5 s.cows the tentative Ilow-sheet of iron oxice

purification and pigment production.

e water consumers ¢re the Lydroculoric acid

re-enerator and In

[¢]

iron oxicde purifier. If thxrouch flow
type coolinr is used, coolin?s = ater used in the pyrolizer
can be used for rinsing the iy o oxicde, The following

rejuirement is to te wade on ile coolini water in this case:

- content of solids max, 5 mr/l

- pii value 7-8

- carvorate harcress max, 17 German cegree
- 110, consumption 4,5 e/l

- tewperature max., 22 °C

- free (O, not permitted

vater treatment is determined uy the quality characteristics

o0f the available sweet water., .5 a site for the plant has

not yet been selected, it is 2 zumed that sufficient volume
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reguired Teunerdiure ant guality willi be
plant site, oo water treatient proceiure

-t - - - ~ - o PRI a7 1 y v - c sy
STOXri "2, @EXeTion anlga Ililerli: Liarou_ o

.7 . .wirowmiont protection

cess is alum. at the complex utilisatic:

n

e vauxile ore, wore thai 70 % of non-water wei-nt of

sale., Lydrocrdoric aciu

da in wne tewite bensficia plant is recircuiated
re-used., fhe tulX o1 hala:ice leaves t.ue plant toretier

- 3 .o . —~

LLCUIL WASTES
- e e e —— —

S0 d,\j j59 i

eaci ton ol raw hauxite

ag g..own in Jiour

sdrocinl

cric acid lozzes and the oxidation producvs

e~ «r ' B - < 3 - I e 2,
saste water 1o procducca ia thie plant Ior

1..iz is collected and treatea

Tihe actual guentitics of lisulid wagte are sucwn in

Jiurc /7. JSpent coolins vater

a tenperature

Irom ihe pyrol.zer wiln

O~ . .
¢ 1s used as process

(@)
—
o
3
lol
&)
kS
!_j-
5
r_l
<
~
(‘\

ctoer units ¢ .o the remainins €0 5 is used
elfluent ovtci.za alter approximately

slud- e is ce' 'rated from it,
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- 8% -

ine s ui e is expected to nave tie iollowii uai:n

COLIPOL2.TS:

Iron oxice powder: 12 %

ater: 45 7%
The galt r-  eut of techuolo ical ori-~ia ii tie waste
vater emi . froxm the plant is estiasated wolL TO

exceea
Call, 0.21 %
s Cly 0.17 %
LaCl+iCl 0.005 %

i:.e cources of flue cas ir tlie plaut are the pyrolizer,

siie funuel kiln, and the steal —eneraior,

ine pyrolizer szould Pe fitted with a cust recoval ualt
to catcn iron oxide dust, 111 flue ;jaces should .70

+hrourn a wet scrubber,

Table 6/5 siaows the estimated parameters 0. the flue rases

emitted from tre plant.
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renerasor
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Ceuparalure C wprox, 70 approx. TU

vl coutent i /L &, 100 -

conie..tT mw/a - nax. 50

D R St e 2 O

~olius coutent e n” ax, 1CC max. 10C

raw pauvi. . eCU 2,C00




5.2.\) sVl 01l miorac e
Ls naturel pas igc not availlale for incdusirial purposes

ia tie part of Grccce in gueotion, fuel oil will Lave

5

to te usei Tor operatin thc hydroehloric acid receneration

ecuiriiet, the wwiuiel kilrn 2 W the stean jeucraicr, It is

propesed that 3 % ofi tre ar izl fuel reguirement of 10,+70

tons, l.e, auoutv %0 tous fTu:l is stored in itarXks as tue

¥

<O

the itark park serves for the stora~-e and the buffering of

naterial circulation amon; tie different solutions, frssh

.01, rerererated iCl, etxc,

5.2.10 icster operation

At temperatures bLelow 19 OC, vavxite treatment does unct

provice satiszfactory resultes. Tor continuous productios,
a tauperature avove this minlon: ust be provided in the
leaecnin: columnz, Ia the winver geason il leaclin colulins
without neat irculation are to ne used the solutians led
into it should have a ainiw.. tecperature of 25=3C °c.

urapiuite licat exchan ers con be conrected to each colu.u

to increase the temperature I the particular solutions,
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a plant with 2 productio: carpacity of 40,0060 t per
year and its tvecinicel feriures are
a.le /6. A nore detaile. and accurate eguipment

lis%T cal be produced as & result of the deteil eun:ineerin:

docunestation of the plai..

Letter symbols in the "Lunbter of units" colwnn have
tie followin meaning:

A =10, of installed units

o o= 80, of functionin~s units

C = .o, 0f stanc-by units,

Lralloyed sitructuzal stec’. is suitable for cooiin: water,
stean and fuel oil pipes, iarc PE pipes are proposed for
Lyirecnloric acid, iron ¢ lorice and waste solutions, .pecial
T

piner material nccessary for the hisn tenmperature

IRy
L

opezravior of the pyroliz.: is assuzed to be supplied vy

ihe Cormiractor deliverine the pyrolizer uuit.




Pable ~/7 pae i

Equipniert list of 40,0CO ton plant

Technolo. ical step Serial ame o) unit Teennical data NulLer o walv
0. A I C

1. Leachins, ashinpg 1l Fronl char. crv Spoornt size: 1 o - 1 1

2. Chorpin: conveyor Vo= gQ(lnmh > >
= %% 1

- X y . , - !
3 Jonveyor witl Cischarging J = (0O mm 2 0 .
car L - €5 mn ®
S C e . . . ¢
T e R N L L woowlawll ool e eeae el
acid=resin.ant 24 24

rubber coatliy]
dia, 4.46 x o n

5 Overflow tank Folycthylere taulk
dia., O," x u

N
BN

24 -

6. Iron chloride collector Steel tank with
tan . acic-resicstant

rubber linin

jaste acid tark Steel tank witna
acid-resistant
rubber linin:

3
*

diga. “en X 5 W 2 2 -
8. Dilute acid tank Steel tank with

acid=-resiatat
et lier iviv

3. : 7 - ¢ A
a g n r ]
ala, f PR G ) I & -




¥quipnment list of 40,000 ton plaat

o]

Technolo;ieal step Serial
ul.

F—

e 40 e &4
amne 01 unllv

~
)
e
QO

Tec..lcnl
2
Fay

Sutauer of w

i3]

S.

10.

1.

12,

ydrochleric acid tank

wWater tank

5]
3

Under-round shaft tank

Sha’i puup

Transfer puup

HCY punp

Izron ctloride puup

stecl tanls with
aciv-—raesiaiant

Teiver liadua

édia, .5 x 5 m 1
Sieel tank

dia., 4 x 4 1

VvV = 2 I 48

Stecl tank with
Acic-rosistant rub-
ber liains and

a itator,

¢ia. 2 x 2 mn 3
Acid resictant

¢ = 12 n%/hour

o= 1t m 5
Acid registoant

¢ = 1 n%/hour

I = 24 n 52

G =
I =

hecid

\(
I
i

48

N

Wl

48



raile 7 pa e iii

- Equipment list of 4C.CT0 ton plant
m AN I A - T v Y o D yeaam 3 P e e - . . s o4
ler’.‘;OlO;.;Cm; SweED Sexrial .ame of unit Technileal dava L RTILCTY 0L Wil v

Nno. A E C

17. wWaste licuwor piup

13. Diluted C1 puup

14, vater punp W = 10 m,/lﬁ 1 1 - .

oy

niogedar o wolor
: ( t/uour
. JC = S.OLC I

no
»
-
o
0w
o
e
-
@
]
bt
Y
2
w
¢]
13
K

it
cly
dia

-—
N
1

21, Trolley hoist Ilectrical operaiion
meusl operation tor
1 t loac 4 4 -

GCO
T0  m 4 4 -

22. white bauxite W
Giscnar, z conveyor L

B8CC s
20 1 1 -

W

23, white bauxite
collecti:. conveyor

o

24, Conveyor W= £00 mn

N
=
i}
o
[
H
[o]
]

\

)
'_J
'_1

Covercd storse o yara Lsrear d.4Zul e
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Table (/5 pa v iv

Pquipment list ot 4C,.CCC ton plaant

Technological step ferial hame oy unit Techinical data Humwoer of unilt

0 b C

2. Calcination 1. Trout char-er Scoop sice: 2 m” 1 1
. Chzr i, conveyor oo = 600 1 1 -
3. Storar~e bunker ‘
/ior tie pross/ V = 10 w 1 1 -
4, Lrick press Lydraulic operatlion v
Ciy.: 6 t/mour 1 1 - C
B. 0 Coroorrdips Torvonatios i1y ooperated
coulpnant Cuyet Lo/ our 1 L -
G, Irvins tumnel L =70 m 1 1 -
7. ITuraace car
transior device 15 cars/day 1 1 -
8. Tunnel Wil: hL.ax, ca giLi;ing tenp.,
v 1
C,
40 m 1 1 -
9. Car discharrsing
equipnent lleci.znically operated 1 1 -
10, Chai: scrapsr L =1¢m
Cty.: ¢ t/iour 1 1 -
11. Juw crusher with air ccolin:,
16 t/noux
max, luwp sizer 3C0O mm 1 1 -
L = 10 1
Cily.: ¢ {/nour 1 1 -

12, Crain scrape

H

=
N
.
v
)
:
s
i
—
I
-
m~
[
m
2
I~
:

SO il nlone
< Doy L 1 1 -
[ Rl ] PRI | A meass




Table &/6 paze v

Equipment list of 40,000 <ton plant

Technological step ocvial lLaue of uvalt

A N A
Tecanlical data

Lounivery of wilts

no, A 9 C
14. Conveyor Wo= 00 omn,
L = 5.11 2 2 -
15, Jaw crusher ax, lump size: 80 nmnm
Cty.: © t/uour 1 1 -
r 4
1¢. Gas scrubter Cty.: 10.30C lm”’/hour 1 1 -
17. ioll crusuer Ilax, lump size: 15 um
Cty.: ¢ t/uour 1 1 -
, 18, Conveyor W = ¢0C mm,
L= 12 m 2 2 -
19, Front charzer Scoop size: 1 m3 - 1 -
3. HCl1 regeneration 1. Andritz- wthner
- iron chloride ¢c= ”
composition equipment Cty.: 7.2% m”/hour
hyarochldoric acld with
with 370 g/1 1 1 -
2. Iror chloride Steel, with conical
settlin; tauk botiom and acid-resistant
rubber liain:.
dia.,: 2.% x 10 n 3 3 -
S Dmer;ency water tank Sieel,
dia.: 2 x 2 w 1 1 -
4. Iron chiloride punp Acid=rvraolotant
Q = 10 uZ/hour
H =24 W 2 1 1



Table 6/6 page vi

Equipment list ol 40,000 ton plant

Technolosrical step 3erial [laie of unit Yechalcal data Kunber of uiiit
no. A B C
5e Slurry puwap Acid resistaut

Q¢ = 12 m3/hour
E =16 w 1 1 -
6o Vater punp { = 4 w%/hour
i = %6 u 1 1 -
7. Iron oxide bunker V = 50 u” 1 1 -
4, Iron oxides pire 3
ment production 1.  DBucket charger Ciy.: 2 m”/hour 1 1 -
2. Charyin:. bunker with z
balance V=10m, 51t 1 1 -
3 Tanx with agitator Steel tank
V = 75 IT13 1 1 -
4, Slurry pump ¢ = 40 w3/hour
i = 24 m 1 1 -
5. Settling tauk Steel
V = 40 w3/hour 2 2 -
€. Slurry pump ¢ = 40 n3/hour
L =24 m 1 1 -
Te Vacuun érua filter Cly.,: 2C w3/ nour
iron oxide slurry 1 1 -
8. Dischrar. in.: screw Ciy.: 2 t/Lour moist
iron oxie 1 1 -

-Z,:—



Table /6 paje vii

Eguipnment list of 40,000 ton plant

Technological step Scrial hame of unit ilechuical data Lhumber of unit
no. A B C
S. Storare tank for
filtered iron oxide V= 8m3 1 1 -
1C. Char~ings scew wiilh _
balance Cty.: 6 t/uour 1 1 -
11. Tank with agitator V =10 w3 1 1 -
12, Slurry punp Q@ = 1C m3/hour
h - 1lon 1 1 -
13, Tall mill I ine volune: 4.5 m3
ool talles 1 1 -
14, Storase tank Steel JK v oh
arita.or
V = 10 m3 2 2 -
15, 3all mill Milling volune: 2.2 n% 1 1 -
16, Slurry pump ¢ = 12 m3/nour
H=24m 2 2 -
17. Storage tank Steel tank with
aritator
dia, 6,3 x S m 2 2 -
5. leutralization
of waste liguors 1. Sla¥ing tank Steel, dia, 1.5x1.,5m 1 1 -
2. Dischar-e screw Cty.: 20U ksg/hour 1 1 -
2. Lime milk tarnk V = 10 m? 1 1 -
4. Heutralizing tank V = 25 3 1 1 -
De Settlin~ basin V = 200 wo 2 2 -



Tatle &/¢ paje viii

Equipaent list of 40,000 toan plant

Technolo_ical sitep ferial iame of uuit Tcennical data Duniber ot unit
110, r B C
€, Flocculant tank V= 5nm3 1 1 -
Te Clurry pump Q = 2 m3/hour

=12 o 2 2 -
8. Punp = 50 m%/hour
il =24m 2 1 1
6. Vater treatment 1. Collecwor tasin with
acrator Y = 1,000 u3 1 1 -
2. water puup Q = 250 m3/Lour
L= 55 m 2 1 1
R Sand filter P o= m3/hour 2 2 -
4. Filter rinsinc punp Q = 2% m3/unour
- I = 36 il 1 1 -
7. Fuel oil storage 1. Gear punmp Q = %280 1l/minute
p = 5 bar 2 1 1
2. Gear puip Q = 16 1/mirute
P = 5 tar 2 1 1
2. Storage tank steel, V = 450 m3
dia, H.7 X 5 m G -
4, 0il filter = 40C 1l/minute 2 1 1
5. 0il filter Q = 20 l/uinute 4 2 2




Table &/6 pa-e ix

Equipment list of 40.0C0 ton plant

Technological step Scrial kame ol unit vecisnleal data wuiter of unifg
G A B C
8. Winter operation 1, Coindeusate tank steel,
Vo= 20 m? 1 1 -
2, Graphite he=zt 2
excianser Surface: 0,5 - 1.5 m 48 48 -
3. Varm water pump T = o¢ 9
@ = 25 m3%/hour
9, Wiomnetic meam ~ . Contral YR )
‘ anTra O CRSE0T S0 LUZ24 YNl nannels
ment and coutrol  ++ U¥NT¥al processor In%pi~qzeiﬁi g;z GLs o 1 1
a4 € P - -
systeu e
2. Colour dicplay 2 x 27 libytle
with disc drive Wincihiester disk 2 1 1l
3., Magnectic disc unit 1 Iiiyte {loppy 4 2 2
4, Printer 2 1 1
5. Level sensors Inductive

6. Temperature censors
T. Alarn sensois

8, Pump activators witl: marnetic
valvce




faile O/% pae x

Equipwment list or AC.0GC ton plant

Technolonical sicp Serial Llauwe of w:iitl veclnical datla suzber ol undte
N0, A L C

10, Auxitiary coulipumont
10,1, Compressed air

supply 1. Compressor Cty.: 190 im3/houx 1 1 -
2. Coupressed air tank V = 20 m3,
P = ¢ Lar 1 1 -
10.2. HCl complement 1. Storage tank Steel, with acid-
resistant ruober lining,
dia,: ©.%2 x 5 m 5 3 -
2. Discharye pump Acid=resistant,
G = 24 m3/hoar
H=24mn 1 1 -
10,2, Steam pgenera- Steam renerator 3 togs/hour
tion incl, vater 18 ~C saturated st-am 2 2 1

treatment unit

)
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sooa T PR SN T 1 R3T iy rerndverant
C et IDC3L10n criverila, WULILITY roculrelenls

1 site selectiion criteriz for the bauxite beneficiation
plart are dsvelopped availability 3ard cost optisum issues
have to be consi‘ered.

Jeguirenent data from carlier sections of thls Chapter ¢

is use’ to calculate tue parzueiers for a 40,000 vouns plant

2id out Lo prociss tre mediuvm grade /?’85/ bauxite arriving

g

Pt

20 the ziant ia 0.5 Lo & ma graisa size. rollowing a sugnestion
“yon L .I2C, estizates for a plant with similar output capacity
processin: Grade ’33® bauxite ai: also given. Thesz, however,

Ler confiderncs margin as laboratory

atz trhen,

[
&)
6]
&
o
o
4]
e
o
e
[y}
¢!
[6)]
M
£2.
ct
o]
(e}
)]
8!
4]
H

Graie 7357 Grade ’8%’
210 % A0 m 290 x 540 w
14,0 L1 15.7 ha

23,7 acre

AW
I~
L]
un
[
(¢}
r-*
D

is besed on the tentative layout in Section €.5.

P
1l

[&)]

Firure proposed Tor rade ?837 includes bauxite nandling.,
A scacmatic cdiagram of tnis appears in Figure (/8. /If it
proves to be ngcessary to dry the C-1 mm fraction, waste

neat from ihe tunnel kiln should be used,/

A:n increase of the plant output capacity by 20 % in either

case would require an adcitional land area of up to 10 %.
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L..C CoAEULDLION i urec are ccriveu 1n €SS2CE L1 Liie

erin  cata, aand 1ict ol egquipient cppearin. i

B EE - = s . 2 i mn fome dmymne - . 3 . . .
Seotions S.0 ol W0, anoduzut/outpul ccoelatlc a3 SCta

Ve = . . L A [y - Ar maa A 3 MR -~ .. T3
gL, un 10X g _‘_-‘/83 Tiant &Nl 1S5 SuowWil i 17 TE 7 e

r e P e e et - B 3 A1 I~ [oar I
Cverail utilities fisures are sumnarized in Zable /o,

~is is descrized in dztail in Section €.2.7. Tane 4C/35

pproxinately tne followln wastes:

w3

s
4%
L3

cr
=

b
}_J
3
H
O
L
<
0
@
e

Solid wnete is estimatew for 2.5 ton/yr.

- TA - - , N 1' oo - +

Do by Tt ’...e_- .‘_p._:e.;. -
P P . IR - o . P4 PO - . 2 ~ o
"lig iz cerived iroa Section £.7 and estinalteu as

4,7CC tous {or the &J/33 plant,

tas2d on the exnperience from JIILOVA'S PECS plant, prior
to co.maissioning a workforce of 30 to 35 is aceqed in the

t zorthis? pericd of earin woving / i{oundatio. layin’,
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(oD LTITTDLT
Tioure i shows the teniative layout ior a bauxite rereliciatic

plarnt with as anzval output of “C,GCC tons /Teea: Grade ’o3'/.
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5. taurite feed conveyor belt
column
7. *.uile? bauxite conveyor Lelt
i rea for white bauxite
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G, Treliecy Loadin:, macrine -
1. Dryins tuzel

12, Tunnel kilrn

1%, Yrolley urnloadiu; ..achiie
14, Caleined bauxite, handling
13, Caleisnec tauxzite, storarne
1. Coolin;s water system

17, fusl oil watks

13, Stean zererator

1Z. “yvolizer

20, lron oxice, washing

21, Pigment shop

22, Taak park

2%, Waste liquor treatment
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foe
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at the tise of writing., Prices of imported equipment include
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sea irei~iut, tut no ixport duty.

slthcy o lizited awount of engineering information coulc be
developad for the Ttauxite grade tested in laboratory in
1932/83% with excellent resulis /to be referred to as Grade 87/,
an atiempt has been made in this section to estimate, for

lYe purposes of comparison, the investment and operatin:

513 for a 40,000 ton Grade &3 plant.

Tased on tavles containing relevant data developed for
alto; ether 5 variants, comparisons will be made and an

evaluation will be ziven,




7.1, Investment cost

Investment cost of realizing the project will depend on
site selection, on the scope of the project, feedstock
grade, capacity installed, and on other factors. In this
section estimates for the investment cost will be given
taking the effect of the feedstock grade on the one hand
and that of the installed capacity on the other, in con-
sideration. Following a request by LIMIC, local and Forex
components of cost of equipment and machinery have been

estimated for each item,

Table 7/1 lists cost of equipment, installation cost, as
well as the cost of building and construction for tae base
variant of 40,000-ton annual capacity. Cost of land is
estimated for Drs 500,0C0 per acre unit cost inclusive
site preparation. The cost of making the necessary amount
of electrical power and water available to the plant as well
as those of making the plant accessible by road and/or rail
are not included in the fipgures given, TL. cost estimates
for the individual plant sections have been based on the
equipment list in Section €.3, as well as on respective
data from liTIi.OVA’s own Pécs plant now under construction.
Although it is not clear at ais time, if bauxite can or
cannot be purchased from ilic mincs in the required grain
size range of 0,5 to 4 mm, and it may prove necessary to
allow for in-plant dressing facilities, these have not been

included in the Table, as too little is known at this stage




Tavle 7/1

Cost of fix~d assets for a 40,000-ton

capacity plant /irade *'85*/

/all fi ures in /000,000 Drs/

Cost of Cost of Cost of
Tlant section Huildine and cuipment and I.stallation Total

Construction haciinery

‘ Potal/Fore:/Creek

Site, developped 17 - - - - 17
Subtotal, site 17 - - - - 17
Leaching/ Wwashi-g 75 523 40 488 92 681
HCL rejzeneraticn 7 564 520 44 79 650
Calcination 65 380 380 - €5 510
Gas Scrubber 11 72 72 - 12 95
vaste ireatment 2 18 - 18 2 23
Ti;nent ‘irocessing 45 70 76 - 14 135
Subtotal, frocess 205 1678 1071 550 251 2094

rquipnent

- 60T -
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Tatle 7/3

Total invesinent cost

/ill cosit [isures in ¢0CC,000 Trs/

- 911 -

wstinate Feedstock
»or ilant capacity
in #UCC tons Crade ?85° Grade '83?
20 40 €0 80 40 AQ¥

*lant site, developed 12 17 21 27 19 15
3ub-Subtotal, Site 12 17 21 27 19 15
Crude Bauxite Preparation - - - - 88 88
Leaching/ashing 442 €81 795 G20 584 184
[:C1 Reeneration 440 150 780 870 450 450
Calciration 47%3 210 570 590 510 -
%Cas Serubler 77 G5 1C3 11¢ 34 556
asto ireatuent 19 23 2T 20 23 23
Ti-ment Irocessin: 94 155 160 175 95 35
foub=ibtotal, o 1,510 2,094 2,440 2 701 1,8%4 1,295
irrocess “aulpment




Table 7/3 /Cont'd/

stiuate
for

Feedstock

lant capacity
in 4000 tous

Grade ?:35°?

Grade ’83%’

20 40 co 80 20" 40
Fipinz, Sewers and Roads >4 62 71 77 £3 58
Jlectric Power Cupply/ .
Lighting 25 29 33 35 27 29
Steaa Gexnerator, incl,
tater Wrcatilent 46 o8 81 98 55, 55
Instrumertation and ¥Frocess
Control 46 48 49 49 40 47
Yjater Supply 30 38 41 45 30 30
Conpressed Air Supply 3 9 10 11 3 8
Fuel 0il 3torare/Handling 12 15 17 18 10 12
Final Troduct faudliag/ 3
Jackin - 17 21 24 26 v 21
Jub-asintotal, )
Saxiliavy -aclilities 238 290 320 359 234 200
slant - acaement and leliare
suilaing 31 54 36 23 4 24
Saiutelancs J.ops, Stores, ete. 29 29 31 32 29 29
Jub-oultotal, suwildinss &0 63 ¥ 70 I 6%
subeiotal, siked assots 1 826 2 464 2 854 3 154 1 :07 2176

ai il

- &1T =




Mr.‘lcl.!.l.l!.:.l.! v e cmammt i memet s 4 1 e AL ety e s U U —— - o - — e -
PO ol v
RS - - .
Breeem e e+ ettt e e+ e e et o =5+ e et e e - S
0T ! : T " M
. ; i !
' .
»)‘Ill-i‘.'«l,l\vllsril,c;...r..,.r et tmraeme cae————— - . . mmw em——— R - - - - - .-
[ P - .
PR .
S O Y [ - . v [ s -
y ¢ .\.;.._ i . 3 Db Ll \ (&8 N
3
u ‘\_K oo . P e . . -~
! VO , - - . '
# N - - -
4 ‘ [ o . . -
N
C o . - E— - i vy e~ U -
. C y « s s T v - :
<3 o)l Cvioscl e SapIenl o Tvess
(O L - Ty - ] i A ST -
1 ﬂ\‘\. " [ - N [P .
PN 1
oL 4 . TE P :
- ' ‘ ‘ - .
* Toaovu, o7 N -
1
e cmem U — - . e m——— -
{ Ty - - » T 7 T . - .
) L . . LG - s .. :
! 0T 0 -
——— . . - e - i ot o e e e 7. o 2w gt
. ; - R
, £yt . , Vv i - .
» Ly . R H e -
. —— r— .- . DR R - - F
T ] - . P ! " i
(G aMad . PN W O 5 LT . i
i - -
; i e e o]
Fa
Yoo m - SRR
o ;

a——

o A Lo e e et o e el




Lk

-

- —

e

IS

y
)
N
)
)
1

P

b 8]
1

oW

] -

bl S 9]
]
) o R
«©
: 54 |
N Q) +2
; -4 et
i -
L8]
1 .A
O
e
e 3
v )

[ T
LV ULEN L

i

s
P

ToX

Ay

31

.

itic:a

A

«

ChLGL

4

iower,

still

is

1

L Eposa

A




-
- Ll -
o 2. . L e W
B ' AR 3 2 = -
Lol g L2 e a2l aad C e .
L ~ AN "
- ‘ . - PR e el SR 4
- - . N P -~ Faiale
R JES JARC! VL LA U el A
- A N - A e
. S Ve LT R Sl il TIU LT UGL L
. pLlo T r .2 miant - = LR
e o . o - ¢ em m S g e R P P RN
5 T, rf e L WL TlZe, 107 WAl a4 LOLL WD
. Cee - T S T T TS
‘ . w T = - T PR I O AL DI U A S S T N
. ‘ s - s ~o Gl e
13 . - = -t - L S R {9

D SN S G A VY DG SR 4

<o = ! i i s
- oo "5 . Ao A N o R N T AR e N
- - . S AT {y ‘-11- ., uihluw CCBTS wWelz Ll
\ - e ey e g -~ o e M
‘ . T IV AR = LWEILL LD

{orr.ala proposed by the LEIND exp.rv

* ghould be availavle at

S A yate! EllC.-/ton.(uine

faoavelir comawiab algner prices.)
L g




Table 7/

Consumption data estimatecd for various plants

Vacviai:ls

Input

L1T

Bauxite
HCL

Slaked line
[Precipitant

Additive for
Tisment making

-

pFuel 0il
FStean
%oﬁpressed Air

3
'l ectric Fower

Process water
iFotable Water

ton
ton

toi

3

50/ LG8y
155,01 57,000
40,500 S 10,LC0
5y LOC 2,000
42,000 1C,C00
9¢,000 24,000

e ———— S -

Spares and wear
ﬁ%arts

22,850 7,350
5¢,600 16,500
1,0C0 860
11,000 4,570
3,47C 990
33 27
43,000 35,000

ITRE N NG R YT




Table 7/5

Cost of operation estimated for various plants /Plant capacities in ‘000 tons/
/all cost fioures in “000.CO0 Drs/

Cost item Cost for
Unit
Drs/unit Feedstock Grade *'35° Grade '33?
Plant % of total
capacity 20 40 60 80 40 operating cost
4,455 Crude Bauxite, ton 151 32c2 453 04
6,193 353 42,27
7 Cost of Transportg§} Eﬂ 7 14 21 28 16 1.89
6,100 Hydrochloric acid, ton 72 130 190 247 61 7.2
-~  JAl11 other materials 12 22 31 40 16 1.89
- Sub-Subtotal, Materials |242 4¢3 695 379 453 5%.25
24 ,0C0 Fuel 0il, ton 1%6 274 411 543 176 20.77
7,000 |Electric Power, kWh 25 42 10 77 32 3.77
- Other
Utilities/supplies 3 5 7 9 3 0.%5
- Sub-Subtotal, Utilities 164 322 473 634 211 24,31
- [Royalty on refr. sales 7 14 21 28 22 2.6
- Royalty on pigment sales 3 16 24 32 9 1.6
- Sub-Subtotal, Royalties 15 30 45 60 31 2,605
- Subtotal, Variable costs|&l” 314 1,211 1, 6C4 691 81,57

- 01




Table 7/5 Cont'q

Cost ite Cost for
Feedstock Grade '35 Grade '93"
Plant Q¢ . » of total
capacity 20 40 60 80 O operating cost
Wages and Salaries 10C - 109 118 127 109 12.97
Factory overhead 40 42 43 45 36 4,25
Administrative costs 3 11 13 14 11 1l.%
§ubtota1, Fixed Costs 148 162 174 186 156 18,40
Total 565 976 1,395 1,79¢C 347 100,00

- Tl -
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ie purcnacse price oi Irs 4455/tcn is used ia iiis Heporv for
the (o5 to 4 um medium jracde /?35%/ tauxite assuuing. a 10 #
surciier e Ior aressing, A different assuuption is maue ior
tne ni L rrade raw material as arsreed at thae neview leatii..
held in _ulapest and -»écs o 22-25 Uctover 1,80 /9/: raw
material bou: it as-uined for USD 42,-/tou /Irs 707G/ ton/
and fines Irow gradin: and screeainy resolua at Lo 3y,-/ton
/Drs 5265/ton/. Paile 7/5 shows how a uuit price of

Drs €193/ ton was finally arrived at, Lased on tlie uwaterial
ilows of Fi-ure /8,

Cost of transportation: Drs., 7.-/ton kilometer /source:
=I1C,[ 4n averase road distazce of 30 ka is assuuied,
lydroculoric acid: Drs 6100/ton /3C %/

fuel oil: .nit cost of Drs 240C0 ras been assuned, altiough
LINIC stated Lrs 27,150,

It should te uoted, Lowever that present world market prices
for suitatle guality iuel oil grades are up to 50 % lower
/from U35 80/ton, ecual Drs 1C,80C/.

Tlectric power: _rs 70C0/kwn /source: HILIC/

sdditive For pirment makin:: Trs 220/kr /preliminary
infornation o:tained Trom owner of techuolo;y/

Precipitant: Drs 300/kg

ioyalty ox refractory sales: running at a rate of 2 %,
/prelininary information obtained from owner of
tecanology/

Royalty on pigment sales: running at a rate of 5 %
/preliminary information obtained from owner of

technology/.
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Cust estizmate for Grade ?83%? bpauxizte

/1lart capacity: 4C.CCC tons/

Quantity frice Cos?t
(tons) {Urs/ton) PCSC Drs)
Raw matsrial procurement} 78,000 5,670/1/ 442,2¢0
ransportation 13,6/u/2/
Loss sold rcjectec /3/
raw material 18, €0C 5,285/ 27 1/97,929/
faw waterial input 57,8C0 6,193 257,581

/1/

Lgual to UZD 42/ton
/2] 194,55 1rs/ton
/3

Zoual to USD 33/ton




The maimning requireuents for a shift in a 40,000 toxn

rlawt are given in Ladle 7/1. rased on a G=i0ur workl:,,
day and a Tive-day week, taking 20 workiug days as ilhe
averase pald holidays and further 1C working cays as lost,
the continuous operation of the plant for 80CCG hours

a year maxes it necessary to budget for 4.5 shifts.

The éost of man-power for the same plant is shown in

Table 7/ . Ware and salary rates are based on HINLIC’s
inforcation, cost-to-employer figures have been calculated
on the bvacis of 14 monthly pays a year., Social security
contributions are estimated at a rate of 35 %. In tne larger

2

pla:ts two additional semi skilled workers are foreseen
for each shift in the leaching/washing department, resulling
in an additional cost-to-employer of Drs 9.36 million for

each 20.00C ton capacity increment,

Tactory overhead includes spare and wear parts estimated
as 1.0 to 1.5 % of the total cost of fixed assets, as well
as auxiliary waterials and supplies. idministrative costs
including cost of repair, communications, oifice supplies,
etc. have been estimated as approximately 10 % of the

salaries,

Depreciation figures have been calculated from the original
value of fixed assets using the straight line method,
applying a uniform rate of 9,25 %, derived from 10 %

for equipment and 5 % for buildings. /Table 7/9./
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Table 7/9

Depreciation schedule /straight line depreciation/

I 20/85 40/85 F 60/85 80/85 40/8%
Auxiliary facilities 238 290 326 359 260
Process equipment 1 522 2 111 2 461 2 725 1l 853
Buildings 60 63 67 70 63
Licences 152 211 246 273 185
Capital expenditure 388 520 605 672 463
Total 2 360 3 195 3 705 4 099 2 824
Annual cost /9,25 %/ 218 296 343 379 261
Residual valuwe after
10 years 180 235 275 309 214

- L2T -
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As can be seen from Table 7/5 the inputs with the largest
relative cost are /a/ the raw material /24 to 31 % for
Grade °85’ and 42 % for Grade ’83’/ and /b/ the cost of
fuel /22 to 27 %/. Operating costs for a plant processing
high grade /83/ material are some 20 % below those of the
comparable Grade ’85’ plants, despite the former’s higher

bauxite cost.

If the white bauxite is left uncalcined, the estimated
savings for 40,000 ton output areas follows:

million Irs

electric power 5.4
fuel oil 128
spare parts, supplies 8
labor 12.8
154.2

The total cost of operation of the 40/85 plant is reduced

to Irs 822 million, that of the 40/83 plant to Irs 693 million.
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e sexiing prices case, Fla.d 20/85 would break even il its
reveaue would increase by % %. If 75 % of the depreciation

4

calculates in table 7/2 is included in the cost of operation,
A0/85 and €C/8% plants join 2C,/85 in making a loss rather
Stz 8 prosiv., .0 break even 40 /25 plani’s reveiue would

have to iuncrease by 12 %, #0/85 plant’s by 2.5 %.




Table 8/1

Revenue /in million Irs/

Feed grade 8% 83%
s - T8/ . . -
Plant size ton 20 4C 0 80 40
tefractory bauxite 19,292 386 772 }1 158 1 543 -
00 % export) 28,19¢ - - - - 1 128
Iron oxide pigsment
700 t sold in Greece}28,00C 20 20 20 20 20
the balance for
export 23, 680 141 3C4 466 | €28 151
Total 547 J1 0356 {1 é44a | 2191 1 299

- 0¢T -




Drs fisures in millions

Irofitarility oi operation

PP I ’ 2 - - R . R— [ — ......-..._1;
Variaats 20/85 40/85 l c/83 ‘ 3C/35 !40/8‘
L.evelnue 47 1 C2 ! G E 2 101 ! 1 299
i ; i
2ost of oporation | :
lcss cepreciation 555 575 ¢ 103335 -1 750 347
ross proiit /loss/ ; /18/ t120 § 259 401 452
b otal investuent cost : ;
less craut /1/ ! 1851 {2537 2 26 3333 -2 24z
T r ¢ - . .
['ay~back pericd /years/ - ! 21§ 11.5% 8.3 1§ 5.0
,s y i ;
vepreciatio. /7 f 135 3 254 238 Y33 4 224
14 ' : ; 7 ;
et prorit//loss/ ¢ ‘ , { : o B
Fit 7=/ [ /2C3/ | /134/ | /7)) 6 22.5j

/1/ Grant: 25 % of “oial Investment Cost /law 12.2/32/




8,2, ocensitivity

fne eifect of the price of the raw daverial, the sii-le
birgest item in cost of production, can be exaaised using
the secsiiivity curve of Firure 8/1. rfeedstock price lLas
been varied ir a rauge of 25 % of the median value.
Gross profit of 40/85 plant increases by Drs 140 williou
to almost 4-fold over the ¥ 25 % bauxite feed prices ranuje,

This effect is even more pronounced for larger plants,

the effect of the fuel price can be seen in Fi-ure a/2.

A ranie {rom Irs 24,000, the price chosen for use in the
calculation of the operatin; cost, to Irs 14,850 /UsD 110/
has been selected. Gross profit of the 4C/85 plant increases

by Lrs 100 million over tne full fuel price raunge,

In Yi-ure 3/3 the effect of the iron oxide content of the

feed on the cost of spent acid regeneration is siown. Cost
of equipment was kept constant for the sake of simplicity.
As iron in the feed gets higher decreasirg cost of tauxite
feed camiot balance increasing cost of regeneration /in-

cluding cost of complementary HCl/.

Firures 8/4 and 8/5 show the effect of the selling price

of the calcined refractory bauxite anc tne level of production
on gross profits of the 40/85 and 40/83 plants respectively,
Changes in the iron oxide g;gment sales proceeds would have

about half of the effect in the case of the 40/85 plant, and
about one-seventh in the 40/83 plant, compared to those

caused by changes in the proceeds from bauxite,
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Figure 8/1: Effect of bauxite purchase pric on
cross profit of plant, using Grade °’85°

feedstock
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Figure 8/2: Effect of fuel cost on gross profit
of plant using Grade '85’ feedstock
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Figure 8/3

Cost of feed and cost of HCI regeneration
vs iron oxide content of feed.

8/7
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Firures 8/6 and 8/7 show at waat level of procuction

the 40/85 aud 40/83 plaant break even, respectively,
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8.5. I'inancial evaluation

As apparent from the section 8,1 plants having an output
capacity of 40, 60 and 80,000 tons show a gross profit when
the products are sold at the maximum projected prices. Only
the largest plant considered shows a net profit, however,
under the same price conditions, The use of the medium
grade bauxite to feed 2 beneficiation plant can therefore
not be recommended unless fuel price and bauxite cost are

-

significantly reduced. .

In an attempt to demonstrate the level of economic viability
to be expected from using the high grade feed, two financing
models are considered. In one it is assumed that prouoters

and collaborators will provide 75 % of the capital requireument
of the project, 25 % couing from a Covernment Grant. Ir the
other model 35 % foreign loan is assumed, 40 % is brought in
by tre promoters/collaborators and 25 % is covered by
Government Grant, the use of Greek loan is not considered

because of its high interest cost,

Working capital is financed from a short term loan subject to

21.5%interest.

y

et cash-flow and total net present value analyses for the
first model appear in Tables 8[2 and 8/4, fqr the second model
in Tables 8/5 and 8/6.




Table S/3
Projected incore statement for the plant 40/83; financing model FNo. 1¥
/values in “000,000 Drs/

Year 1 2 3 4 5 6 7 3 9 10 11 12 Residual| Total
value

Sales revenues - - 344 |1 293 |1 2921 2931 2991{1 29911 299 |1 299 |1 2991 299 -

Cost of operation| - - }6C0 347 847 347 847 847 847 847 847 347 -

Gross Profit - - 244 L5p y52 452 452 H5p 452 45p n52 452 -

Depreciation - - 261 261 61 61 ~61 261 ~61l 261 °61 ~61 214 P 924

Taxable Income - - \/17/ 131 131 191 191 191 191 191 191 191 -

Taxes - - - R_7: a2 32 9, 97 97 92 930 30 -

Het profit - - /17/) 107 93 32 99 99 39 99 99 99 - 332

Net cash flow - - 244 263 260 260 260 260 360 360 260 260 214 3 706

¥ Potal Investment Outlay: 2 939 Mio Drs
Grant : 25 % 717 Mio Drs
Equity: 75 % = 2 242 Mio Drs
Tax Rate: 43 %, no tax holiday
Net cash flow: net profit plus depreciation

- 61 -




fable 8/4

Calculation of present value and internal ratc of returnl on owners’ equity /fiunancing model '
No 1/ for plant 40/83 g

/values in “000,000 Irs/ '

10 1l 12 Salvage*fota.

Year 1 2 3 4 5 6 7 38 9
value
A. Cash inflow
1. Sales revenue| - - 844 |1 299]1 299 |1 2995|1 299|1 2991 299 |1 293|1 299|1 299 -
B. Cash outflow 900 | 1 342 [GOO 921| 929| 939 939 939| 93%| 939 939 933|/750/
/1+2+3/
1. Total inv.
outlay 9C0 | 1 342 | = - - - - - - - - - |/750/
2, Operating
cost - - 600 847 8471 847| 847 847 847| 8471 847| 847 -
3. Taxes |- |~ - 84 92 92| 92| 92 92 92 92 92 -
c. Ne;Acgih flow |/900/ /1 342)244 3¢8] 36c| zeo| 360| 360| 3601 3601 36C| 360 750 1 253
D. Present value’ [/900/ |/1 213/200 275 242 220| 199 180| 163 | 147| 133| 121| 227 -8

Notes; 1. Frices changes, appreciation not cousidered,

2. Salvage value: Land: 17 of buildings: 200, of plant equipment: 375, working
capital: 165
3, Yresent value: discounted at the internal rate of return of 10.% %



e TR

Tatlec 3/5

- . ~ 1 . . , . ¥
Frojected Income Staterert for the plant 4(/%%; firarcing medel No,?2

i
/Values in “000,0CC Drs/ s
=
1
1] A ) | D Dgvrt Annn
Y ear 1 2 3 b 5 o Vs 3 9 1C 11 1 QS?JAWaL Total
Sales revenues - - a1 23211 29911 23241 29911 23911 292141 23931 29911 299 -
Cost of orperation - - £CO {47 By 347 4.7 847 347 847 %47| 2417 -
Gross profit - - 244 a5 uno Lhep 45p 452 452 450 45?% 452 -
. |
Interest on g
Forex loan - - - 74,6 65] 55,4 | 45,8 36,2 26.5| 16,8 7.2 - -
\ Interest on
short term loan - |- 135.5 [ 35.5| 35.5| 35.5| 35.5| 35.5| 25.5| 35.5| 35.5| 35.5 -
Depreciation - (=] 22l 261 261) 261 | 261 261 261 261 261 261 2lh Doy
Taxable Income /52.2/4 45.41 90,5]100.1 {10G9.7 |119.3[129.C |133,7{143.3%3(155.5 -
Max . - - - 21.%] 43,4 431 52,71 57.3 62| 66.6| 71.2| 74.6 -
Net prefit /52.2/] 59,1 | #7.1| 52.1| 57.0 €2 67| 72.1) 77.1| 30.9 - 522,
Loan principal c
repayment - |- - 1z7.a137.a (120,06 (137,04 137,04 177,08 177,84 15700 - - 1099,
Net cash flow - - 1208.81132,7[L7C.7(175.7 |13C.6 [135,6 [19C, 6 |135.7|2C0.7 1341 .9 2 247
1
¥1notal investment cogt: 2 834 liio Drs Interest rate of Forex loan: 7 ¢, Repayuert in
Working capital: 165 io Drs 16 semeslers; grace period of two semcsters
- Irnterest rate for short term loar: °1.5 %
Grart: 25 % = 703 lio rs '
Forex loan: 35 % = 222 lio Drs Yax Joter 47 %, ro tax holiday
Equity: 40 % = 1 124 lio Drs . - : = — : , -




¥/8 81qeyr e85 °2
¥/8 @1qey @9¢c °T 893011
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Table 8[6

ol -

Calculation of present value and internal rate of returnl cn owners? equity "
!
/financing model Yo 2/ for plant 40/83, /Values in -000,00C Drs/
Year 1 P 3 4 5 & 7 8 5 10 11 12 sales
vage| .
VLG —
i, Cash inflow
1, Sales revenue | . L 844 11259 1295 (1299 11232 (1299 |1293 1292 |1299 {1299 -
L, Cash outflow
/1+2+3/ 400 (734 1€35.5|1116.3|1128,3{112%,2 {1118.4{1113,4|1108.4|1103.4{1098.4| 957.1| /750/
1. Investnent
costis /150/
a/ Eguity funds | 400 |734 |- - - - - - - - - -
b/ Forex loan
principal
¢/ Interest on
Forex loan - - - T4.6 65 55.4 45,8 36,2 26,5 16.8 7.2 ~ -
d/ Interest on
short term
loan 35.% 3545 35.5 35,5 3565 35.5 35.5 35.5 35451 -35.95 -
2., Operation cost| - - 00 847 847 847 847 847 847 847 847 847 -
3. Taxes - d - 2108 43.4 48 52¢7 5703 62 66-6 7102 74’06 -
C. llet cash flow4 )
/A+B/ / 400/ 754/ [209 183 171 176 181 186 191 195 201 242|790 L6E
D, Present valued Vicu/f644) L°C 127 1C1 91 oe T4 o7 g 54, 81 107
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Usinr the first model an internal rate of return of 1U.5 %
on vie owners' eguity results. Since the Greex system of

investment promotion offers no tax noliday tae proifitavility

(o8

ol the venture can De improved if outside capital availavle
at relatively low cost is used, inder the selected financiug
aodel inclucing outside financing tiae IRR calculated rroa
tie discounted casia flews is 14.0 %. This tozctler with the
pay-vack period of 5 years appearin: in Yable 6/2 make tre
veneficiation of high grade Greek tauxite by the TATAL,LYA
leachinc/acid recovery techrnology an interesting icea to

pursue,

Tne nain reasons for the superior economic and financial

performance of the 40/83 plant over 4G/85 are as follows:

- leaching is more efficient as bauxite feed has nmore
favourable minerolory,

- less hydrocnloric acid is lost as Ca+ilg level in feed
is lcwer,

- material flows are lower,

- sales revenue is higher, despite lower pirment output,
as top grade calcined refractory grade bauxite can be

produced,
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B4 satvicnal economic evaluation
2 & -

Qne productios of calcined deironed vauxite f{row raw wvaterial
available in ureece would have tne Iollowiig positive effectis
oi t.ie Greek national econouy:

- Utilisatiou of local mineral resources for products with
value aaded possible,

- Annual imports ol soue 10-15 thousand toans of relraciory
tauxite wortn some 1.9 milliorn US Iollars substiiuted by
low import countent local product.

- Exports potential of a few million US Dollars a year
created for either refractory grade calcined vauxive,
or refraciory product made of it.

- cuployment for 70 to 100 perscns in a modern plant,




M
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List o' rafereices

Creex Tateut Lo. €5 874 issued to Tatabirya Coalilines
ans ecsex Gre riines

Tecniiical leport DE/URE/83/CCT dated 13 lov. 1334,
Ly oT. i s.@cxd

Interin .leport LI/CRZ/8%/005 dated QOctoter, 1383,

Ly Lr. ilieceraver et al,

Guyara rauxite - profile of a visit., Industrial ilinerals,
Lecewver 1,84, p.c3

rauxite - (izina snaps at Guyana'’s heels,

Iaduszrial ..inerals Refractory Survey, 1981, p.83
wwotation Ly the Sharcrhal International sradiug Co,

zme asgs itexn 4

n

[anl

ron oxide pi ments
Irdusirial hLirerals Trirments and Extenders Suppleunent,
a-ay lj85’ p¢25

fiinutes of tre tripartite discussions held in Lu.n_ary,

22=2% Cctover 198¢






