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1. INDUSTRIAL AND PROJECT BACKGROUND IN VENEZUELA 

The metallurgical industry in Venezuei.a was developed from its 
very beginning to increase the export revenues of the country and 
also to diversify the exports that «ere previously based mainly on 
oil. It was also strongly linked to the programme of the 
Government to create a concentration of development in the Guayana 
region, where abundant electric anergy has become available from 
the huge hydropower scheme of Guri on the Caroni river (second 
cheapest hydropower of the world). Other favourable conditions 
present are the closeness and abundance of sources of raw 
materials, the low cost of labour, the growing demand from the 
continuously developing national industry and the closeness of the 
country to the markets of central and nor'..:h America, also 
convenient see transport connections to Europe and Japan. 

One of the large, new enterprises built by the public holding 
company CVG ,corporacion Venezolana de Guayana) is the Interalumina 
Plant, operating now on a capacity of about 1.3 million tpy alumina 
and planning to increase the capacity to 3 mil:ion tpy until 1995 
in order to meet the needs of the steadily growing aluminium 
smelter industry in the area, planned to achieve a capacity of 2 
million tpy at the end of the century. It is also to be noted that 
steel production capacity has reached a level of 3.1 million tpy 
and cement production about 7 million tpy in 1991. 

The new and steadily growing metallurgical, cement and glass 
sectors of the industry are the largest consumers of high quality 
refractory materials. Venezuela presently imports great portions 
of these products, consuming the hard currency revenues of the 
country. It is therefore a justified tr~nd to elaborate 
possibilities for import substitution in the fast developing 
branches of national economy mentioned. As long as the 1>veral 1 
development of the economy in the Guayana Region consumes n.ost of 
the human resources of CVG, the private sector is encouraged to 
develop the production of smaller scale products • 

Among the refractory materials, aluminate cements have been 
playing a very important role as binding materials and for cast 
refractory applications. These products are produced from smel~er 
grade pure alumina, specially activated alumina, limestone and 
other additives. Calcim1 aluminate cements continue to become more 
i•portant as binders for hiqh strength refractory castables and 
mixes because they combina good shelf life and relative simplicity 
of installation. The trend towards monolithic structures is 
accelerating because the large variety of speciality fired shapers 
needed for repair are becoming too expensive to inventory and, 
thus, are not available for unscheduled shutdowns. while lower 
grade cements and even some complicated chemical bonding systems 
will continue to expand in use, the most notable area of growth 
will be cements with high alumina content as process requirements 
push operating conditions to higher temperature limits in 
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increasingly severe environments. As a favourable local condition, 
the new Interalumina Plant operating in Puerto Ordaz on a 1. 3 
million tpy cf alumina production, :nay be a close and lo~ price 
source of the bulk of raw materials required for these and ot&er 
alwnina based materials. 

The private company "Corporacion Grupo Marques Barry" has 
decided to start the production of these materials, aiming to 
achieve 5,000 metric t/year production volune mainly consumed in 
Venezuela and partially in the neighbouring countries. The company 
operates the following plants in the related field, being one of 
the important private ferro-alloy and refractory materials producer 
of the country: 

0 
0 
0 
0 
0 
0 
0 

Hornos Electr~cos de Venezuela, S.A. 
Refractarios Venezolanos, S.A. 
Flocon de Verezuela, S.A. 
C.E. Minerales de Venezuela, S.A. 
Coporaction Guayanesa de SilLCO Guayasil, C.A. 
Industria Siderquimica Vene2olana, C.A. 
Corporacion Selee de Venezuela, S.A. 

Recently, the Corporacion Grupo Marques Barry started up in 
their plant C.E. Minerales de Venezuela, S.A. the production of 
fused aluminas (white corundum) in joint venture with the company 
Combustion Engineers USA, using the technology know-how end 
marketing abilities of the North American partner. 

The fused aluminas are produced by melting the pure smelter 
grade alwnina in electric arc furnace and cooling it afterwards to 
room tezperature. For the production of alUJ1inate cements, also 
electric arc furnaces are used; hence, not only the raw materials, 
but the basic technological equipment are very similar in both 
cases. The aluminate production is intended to be organized also 
in the new fused alU.Dtina plant C.E. Minerales de Venezuela, S.A. 
which is situated in Puerto Ordaz, at the vicinity of the 
Interalwaina refinery, facilitating thereby easy raw ma-cerial 
supply. These are the main advantages of, and the reasons for the 
Company to start up the production of alllllinate cement and also 
silicates. 

The company has decided to seek neutral international advice 
for its investment decision. Thus, it turned tn UNI DO, at the same 
tine requestinq also some financial support for the initiation of 
the project. The project is - as requested - aimed at the 
selection of t.~e most suitable type of raw materials available in 
Venezuela (ma:.nly alumina and limestone), and reco11111end on the 
viability of introduction of aluminate cement production. In this 
regard, the main features of adaptation of the production 
technology, se:ection of main equipment, estimation of investment 
costs are uncertaken, thus providing the National counterpart 
important inpu~s to make an investment decision. 
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2 • AUJMINATE CEMEMTS: CHEMISTRY. llAIJI PRODUCERS. GRADES. FIELDS 
OP APPLICATION 

2.1. Phases of aluninate-cenent in the CaO-Al~, system 

Refractory cements are the most widespread binders of 
monolithic refractory materials. Similar to cements used in the 
field of tradi~ional architecture, they solidify by mixing with 
water and subsequent crystallization of hydrated phases developed. 

The most widespread refractory cements belong to the binary 
system CaO-Al :z0 3 (pictures 1 and 2) [ 1 J • The most important phases, 
their melting point and composition are shown in the table below: 

TABLE NO. 1 

Characteristics of calciun-aluninates 

Phase cao Al20:s Melting point 
(\) (\) (°C) 

Cu A, 48,5 51,5 1,450 

CA 35,5 64,5 1,605 

c~ 21,6 78,4 1,750 

Note: 

Table No. 1 shows data of aluminate-cement clinkers 
manufactured from pure raw :materials. Many times, however, 
limestone occurrences in th6 nature are contaminated with Si02 • In 
this case, tertiary or three-component phases develop, which are 
shown on the Rankin diagra:mme of picture no. 3. Gehlenite (C;zAS) 
and Anorthite (CAS2 ) are tertiary crystalline compounds of this 
system. In case of aluminate cements one can count, first of all, 
on the crystallization of Gehlenite. This crystallization may 
happen in a state of equilibrium, especially if the aluminate
cement is produced from a molten phase. 

The other impurities of the raw materials of aluminate cement 
production (Fe,o~, alkalies) do not influence basically the 
composition of phases. They deserve attention, first of all, 
because of their effect of lowering the melting point. 

2.2. The hydratization of aluminate-cemen.tfi 

The process of setting starts with the dissolution of water
soluble oxides, salts and the broken-off ca-ions. Thereafter, with 
the progress of hydratization of cljnker minerals water-containing 
compounds develop, partly by crystallization, partly as amor?he, 
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gel-like material, separating from the oversa~urated solution [3]. 

During the course of hydratization, considerable energy will 
be liberated, e.g. 

for W 
for OW 
for Ca 2

• 

1,17 MJ/kg 
0,40 MJ/kg 
1,57 MJ/kg 

Dissolution, hydrolysis and hydratization are processes 
characteristic for the setting of cement. 

As it is known, the exact mechanism of hydratization and 
crystallization of Portland cement is that complex that it could 
not yet been fully clarified. The same is valid for the aluainate
cements, too. The most important phases are the octa-, hepta- and 
deca-hydrates, whose ratio of presence depends on many of the 
prevailing circumstances (e.g. CaO/Al 20 3 ratio, temperature, free 
cao a.a.). 

2. 3. Aluninate cements: 
application 

Main producers . grades and fields of 

Alwninate cements are produced by a nuaber of companies in 
many countries. The pace-setting producers are, however, two of 
then, Alcoa and Laforge Fondu International. out of the nany 
different grades, Alcoa's CA-25 Regular Grade and Laforge's Secar 
80 - both with an approx. 80 % alwnina content - are the most 
widespread and they have recained the mainstay for refractory users 
of high alwnina cement. The chemical composition, as provided by 
the producers, may be seen in table 2 below: 

TABLE NO. 2 

Product/co•- AlP:s cao Si02 Fep3 Kap 
ponent, ' Secar SQ 
Average 79,5-81,5 17,5-19,5 0,4 0,25 <0 I 71> 
values 
Value range >79 <20 

61.~il CA-2~ 
Standard 81 2 > 17 0,7 I 0,05 1,0 
deviation - 0,69 0,22 0,01 0,20 

I) 

2) by difference 
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The mineralogical composition, physical properties, hydraulic 
properties, sample preparation and methods of testing and o~her 
information are provided in the published description of the 
companies - see attachments no.3 and no. 4. 

The aluminate cements have multi-purpose applications in the 
field of refractory materials for industry. They can be used for 
refractories, employing corundum, tabular alumina or alumina 
silicate aggregate compositions and applied in the form of bonding 
or for castables including monolithic blocks, layers etc. in metal 
producing, petrochemical and cement industries. By the wide 
utilization of additives for acceleration or retarding or 
improvement of workability, a series of different sorts or grades 
may be produced and utilized. Some of the additives used are shown 
in attachment no. 4. 

3. ALDllillATE-CEllEllTS: OOALITY RF.QUIREllEMTS AND SELECTION OF MAIN 
RAW MATERIALS 

The refractory properties of aluminate-cements are the result 
of their high Al203 -content and low concentration of impurities. 
This condition poses a limitation to the choice of raw materials, 
suitable for the production, that is, of lime, metallurgical grade 
alumina, active alumina, graphite electrodes. 

The Cao-content 

The Al;aQ,-content 

should be secured mostly from pure limestone 
(56 % Cao, 44 % C02 ) or burnt lime (90 to 95 % 
cao). Mostly products of limestone carriers, 
free of contaminations by marl, clay and 
quartzite are suitable for this purpose. 
Typically, the converter-grade lime of good 
quality, used in steel produ.'.:tion, could be 
utilized for the purpose. 

is secured exclusively from alumina, 
especially for cements of high refra~tory 
grade. The most important requirement is the 
low content of Na 20 (max. 0.5) and Fe 20,(max. 
0.1 %), characteristic for the alumina product 
of the Bayer process. 

The graphic electrodes are to be of common international 
standards. The electrodes of Union Carbide, used now by the 
company for production of white corundum fully fit the purpose. 

The most important characteristics of the usual raw materials 
are collected in the table below: 
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TABLE NO. 3 

Main characteristic$ of raw materials of 
production of refractory cements 

Data Almtlna Burnt liae Activated alumina 

Chemical composition (%) 

Al 20~ min. 98 min. 98 

cao min. 87 

Si02 max. 3 

Alkalines max. 0,5 max. 0,5 

Fe20~ nax. 0,1 max. 0,1 
, 

Physical parameters: 

Grain-size 0 45 m.'cm 0-2 mm To be set 

Adhesive % 
according to 

max. 0,2 % max. 2 requirement 
moisture (for 
electric arc 

melting) 

3.1. The main characteristics of Venezuelan alumina, produced in 
the Interalumina plant and available for the production of 
aluminate cements are as follows: 

Chemical composition (%): 

Al 20 3 

Si02 

Ti02 

Fe 20 3 

cao 
Na2 0 
LOI 
Moisture 
Water absorption 
Specific surface area 
Particle size (average) 
Grain distribution + 150 microns 

45 microns 
Alpha Al2 03 

Density 

98,8 
0,011 
0,003 
0,013 
0,025 

0,45 
0,70 
0,55 
1,06 

70, 1 M2 /g 
38 m5.crons 

8 
8 
3 

3 ,56 g/cm3 

It mav be concluded that ~.his alumina is suitable fer the 
production.by fusion of aluminate cement. 
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3.2. The main characteristics of lime available are the following: 

Chemical analysis (%): 

cao 
Si02 

Ca 2 

Residuals 
Moisture 
Particle size-100 microns 

min. 88 
max. 4 
max. 5 

max. 2,5 
max. 1 

75 

It •ay be concluded that this lime is suitable for the 
production by fusion of aluninate cement. 

3. 3. The active alumina, required and used as additive to the 
clinker, ~annot be substituted directly by the same 
metallurgical grade alumina of Interalumina, used for the 
fusion unless a product of refractory quality significantly 
lower than that of the internationally marketable class would 
be acceptable. This was shown already by t~sting and 
experiments, carried out in 1991 bilaterally by a Hungarian 
manufacturer of fused alumina products. These tests showed at 
the same time the suitability of a special, active alumina 
produced in Hungary. 

Although is was not included in the terms of reference of our 
team, we have carried out new, complementary laboratory 
investigations which showed that 

a) the inLermediate clink~r fused from the metallurgi~al grade 
alumina of Interalumina and from local lime, selected 
according to the quality requireLents, matches fully the 
requirements of the aluminate-cement production; 

b) when using the same alumina also as additive, the quality of 
the aluminate-cement product proved to be much inferior to 
those produced by the internationally leading manufacturers; 

c) when using a sample of the special active alumina produced in 
Hungary as additive, the characteristics of aluminate-cement 
obtained were close to that of the internationally leading 
manufacturers: 

d) the activation of the metallurgical grade alumina of 
Interalumina proved to be possible to the extent required, by 
the introduction of a treatment of moderate costs, which can 
be realized within the premises of the existing corundum 
plant. The specimens prepared from alumina of Interalumina, 
Venezuelan lime and such activated Interalumina alumina used 
as additive to the clinker, showed properties close to that of 
the internationally leading manufacturers. The elaboration of 
this activation technology for i;idustrial scale should be 
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completed in the near future. 

The summary of results of our ~ew, complementary laborato~y 
tests is annexed to this report. 

4. ELABORATION ON PROCESS TECHNOLOGY, CONCEPI'UAL FLOW SHEET OF 
THE FUSION TECHNOLOGY SELECTED (4.5.6.7.8) 

4.1. Process technology 

The production of high alumina-content cements may be 
organized by two different technologies - sin'tering and fusion. 
These processes differ on the temperature applied for the 
development of clinker phases. In both cases the first step of 
technology is the preparation of a crude meal by weighing, dosing, 
blending and homogenization of the raw ma'terials. 

In the sintering procesE, the meal is to be ground ~urther in 
ball mills, eventually also by wet grinding. Thereafter, the 
ground meal is pelletized with the addition of water, then it is 
sintered in rotary calcining kiln. The 'temperature of sintering 
varies around 1, 450 to 1, 500°C. The temperature of sintering is to 
be selected depending on the composition of the clinker, carefully 
avoiding the temperature zone of clogging and sticking of the feed 
to the furnace wall. 

At the fusion process, the meal is fed into a water- or air
cooled three-phase electric arc furr:.ace continuously and fused at 
a temperature of about 1, 100°c. The melt will either be poured out 
of the furnace (tilt-pour furnace) 2nd crystallized and cooled in 
mouJ - - , mounted on four-wheeled steel framework, or in case of 
ass 1 ·rr ,led furnace shell construction, the melt will solidify on the 
mobi... , four-wheeled furnace bottom and the solidified ingot is 
transported further by crane to the cooling site • 

The clinker produced in the form of sinter by the sintering 
process or in ingots by the fusion process, will be broken and 
crushed (e.g. by jaw breaker) and ground in ball and vibration tube 
mills. The mill may be 3- or 4- chamber 'type. 

After grinding, the cement product will be forwarded to silos, 
then wei~hed, packed and shipped out of the plant. 

The flow-sheet of the fusion process is shown on picture 
No. 4. The existing similar operation of producing white corundum 
in electric arc furnace by fusion, the low price of electric energy 
and the scale of demand of the market for 'the cement product (which 
may be technically also one of the products of diverse fusing 
operations) , has led to the conclusion to proceed with the 
implementation of the fusion process of calcium-aluminate cement 
production a~ the plant C.E. Minerales de Venezuela S.A. 
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In the following, two alternatives of investment are assessed 
- one is the case of establishment of a 5,000 tpy separate, new 
production unit, including the establishment of a new furnace of 
relevant, relatively s•all capacity, the other is the case of 
partial utilization fc··· ce1tent production ( 5, 000 tpy) of a larger 
capacity new furnace, of the same capacity and construction as the 
No. 1 operating for white corundum production. The site (building 
construction) of the s~ond furnace was prepared already together 
with that of the operating one, however, the procurement and 
putting in operation of the second furnace has been delayed. As it 
stands now, this second furnace unit will be started up in August 
this year. 

4.2. Some basic parameters of production and specific consumption 

Input of raw llaterials: 4, 000 tpy alUllina (metallurgical grade 
and activated) 

output: 

1. 

Furnace electric 
capacity, about 

Specific electric 
power consuaption 

Average duration of 
production per year 

Weight of ingot 

Timing of lifting 
the !IOUld (after 
pouring) 

Duration of cooling 

1,080 tpy lim~ (100 % cao) or 
1,230 tpy lime (88 % CaO) 

5,000 tpy cement (80 % Al2 0 3 -content) 

TABLE NO. 4 

Separate production 2. Fu.mace No. 
unit 

1 MVA 4 MVA 

1,7 kwh/kg 1.7 kwh/kg 

300 days 60 days 

2 tons 7 tons 

2 hours 10 hours 

7 days 7 days 

2 
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5. 1. Case of separate new production unit 
------------------------------------
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5.2. Case of partial utilization of furnace No. 2. 

---------------------------------------------
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6. ELABORATION OH f'LAN'l' DE$1GH AllD EQUIPllEN'l': LIST OF llAIN 
TECHHOLOGIC.AL AMO SUPPORTillG EQUIPllENT AND STAFF FOR THE TliO 
~ES OF PRODUCTION 

6.1. List of equipment for a 5.000 tpy separate unit 

The list below shows the •ain and the significant auxiliary 
equipment and it was assembled based on local study made and 
information collected during the plant visit on 10 through 15 May 
1992. 

6.1.1 storage silos 

These are bins, manufactured from surface treatec (fron the 
outer side) steel sheets, with minimum-maximum level indicators: 

Material 

Lime storage 
Clinker-grade alumina 
Crude meal 
Crushed clinker (0-3 IUll) 
Active alumina 
Cement product 

6.1.2 Electronic scales for dosing 

For two-component raw material 
dosing, doses of up to 100 kgs 

~or two-component intermediate 
material dosing (clinker and active 
alumina) doses of up to 100 kgs 

Automatic scales for bagging, doses 
of up to 25/50 kgs 

6.1.3 Blending equipment 

From steel sheet for crude meal, 
electric motor for 380 V, 8 kw-s 

6.1.4 Equipment for melting 

1 MVA capacity, water-cooled or air
cooled, electric arc aelting 
furnace with seqnented steel shell, lined, 
with cooled lined furnace lid, hydraulic 
tilt pour construction, with a volume 
for pouring 2 tons of melt, on rollable 
4-wheel frame, with auxiliary equipment 

E..i,eces Volume cir l 

1 40 
1 60 
1 50 
1 60 
1 60 
1 250 

Pieces 

1 

1 

1 

1 



c 

- 20 -

(hydraulic station, piping, dosator, 
etc.) 1 

Three-phase internally sited •elting 
transformer with oil cooling, for 1 KVA 
melting capacity, with stage-wise voltage 
regulation on the high tension side, 
switches and protection devices 1 

Electrode holding and lifting mechanism 
(for three graphite electrodes, 150 mm 
diameter each), with electric drive, 
connected with the installation of 
automatic regulation of furnace power 
capacity 1 

Low voltage power distribution cable 
network, with about 40 loops for a 
total of about 180 kw installed capa
city, with con~act protection system 

Central electric instrumentation, control 
and regulation panel, operating for: 

furnace and its auxiliaries 
storage and preparation of raw 
materials 
crushing and grinding including 
storage 
dust and gas collection and hand-
ling 1 

6.1.5 Cooling .aulds 

For casting and cooling of ingots of 2 tons' 
individual weight, with water-cooled steel 
shell and separate lined bottom plate, 
mounted en 4-wheeled car frame 10 

6.1.6 Crushing and grinding equip.ent 

Hydraulic hallller-breaker, suitable 
for breaking up of the clinker ingots 
to -160 m/m 1 

Jaw crusher 3 

Triple-chamber ball mill, with grinding 
balls, for 1 tph grinding capacity 1 

6 .1. 7 1·nstallation for activation of 
Bayer aluaina 1 
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6.1.8 T'ra.nsportation 

Vibrating chutes and pipes for dosage 
of raw materials and meal, transportation 
of clinker and active alumina, feeding 
of crushing/grinding units, etc. ain. 11 

Band elevators for serving the 
processing and storage equipment 7 

Steel sheet chutes min. 10 

Installation for hauling of furnace 
and ingot moulds' holeing 4-wheel franes 1 

Crane for lifting mould shells and 
ingots 

Diesel cars for internal transportation 
of raw materials, ingots, packed 

1 

products 3 

6.1.9 Dust separation 

Bag filter unit, with exhausting fans 
and pipe network, serving line and 
alumina dosing and transporting 
system 2 

Bag filter unit with exhausting fans 
and pipe system for the crushing of 
crude meal and clinker and grinding 
of clinker 1 

Bag filter unit, serving fine 
grinding 1 

Fan and filter unit for furnace 
gas 1 

6.1.10 Require11ents or site and utilities 

Site requirements; 
storage silos (open air 
installation) 
furnace hall building 
cooling yard (concrete floor, 
open air location) 
crushing, grinding (roof
covered) 
dust separation (open air) 
product storage (roof-covered) 

100 m2 
80 m2 

150 m2 

150 m2 

50 m2 

250 m2 
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office, social rooms 

TOTAL 

road network 

6.1.11 Ut.ilities 

Electric power supply and 
illumination 

Power for melting 

Cooling water for furnace shell, 
electrode holders and ingot moulds 

60 m2 

804 m2 

420 m2 

about 200 Kw 

1,000 KVA 

2s r/h 

fl 6 .1.12 Shop-level staff 

-

In case a separate and technically independent shop unit is to 
be operated, the personnel and their qualification required is 
provided below (excluding maintenance, guards and plant 
administration): 

Hyllbe;r;: of 
persons Qwllification Duties 

1 shop-floor workers production 
supervisor 

4 unskilled workers mixing/ 
preparation of raw 
material feed 

4 skilled workers activation of 
alumina 

8 skilled workers operator 
(metallurgy) 

8 skilled workers o p e r a t o r 
(breaking-
cooling), 

4 unskilled workers bagging, packing 

4 unskilled workers transportation 

1 chemist/technician quality control 
(laboratory) 

1 secretary/typist administrator to 
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TOTAL 35 

production 
supervisor 

6.2. List of additional equipment for the case of partial 
utilization of capacity of furnace No. 2 

The list below shows the nain and the significant auxiliary 
equipment and it was assembled based on local study made and 
information collected during the plant visit on 10 through 15 May 
1992. 

6.2.1. Storage silos 

Material 

Lime storage 
Crushed clinker (0-3 mm) 
Active alumina 
Steel sheet storage 
Containers for clinker and 
cement 

6.2.2. Electronic scales for dosing 

Two-component intermediate material 
dosing (clinker and active alumina) -

Pieces 

1 
1 

1 

20 

doses of up to 500 kgs 1 

Automatic scales for bagging - doses 
of 25/50 kgs 1 

6.2.3 crushing and grinding equip11ent 
Hydraulic hammer-breaker, suitable for 
first stage breaking-up of the clinker 
ingots to -160 mm 1 

Jaw breaker for clinker to -aOm/m 1 

Vibration mill for clinker grinding 
with a capacity of 2 t/h 1 

6.2.4 Installation for activation 
of Bayer aluaina 

6.2.5 ~ransportation 

Vibrating chutes and pipes for 
transportation of clinker and 
active alunina to crushing unit 

1 

nin, 4 

Volume 

150 m1 

60 m3 

20 m1 
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Band elevators for serving the 
processing and storage equipnent 3 

steel sheet chutes min. 10 

Diesel cars for internal trans
portation of raw materials, cooling 
ingots and packed product 2 

Pneumatic transportation system 
for forwarding alumina to inter-
mediate storage before activation 1 

6.2.6 Dust separation 

Bag filter unit with exhausting 
fan and piping, serving clinker 
crushing and grinding line 

Bag filter unit, serving fine 
grinding 

6.2.7 Site requirements 

Storage silos (open air installation) 

crude crushing (roof covered) 

Dust separation at fine grinding 
(open air installation) 

Product storage (roof covered) 

TOTAL 

Road network 

6.2.8. Utilities 

No additior. is required. 

6.2.9 Additional shop-level staff 

1 

1 

60 m2 

100 m2 

30 m2 

250 m2 

590 m2 

40 m 

In case of partial utilization of furnace no. 2 for a 5,000 
tpy production, we do not consider additional operating staff 
required beyond those operating already the furnace and its cooling 
yard, also crude and fine breaJdng/grinding. For the case of two 
operating shirts per day, the additional staff requirements are: 
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Number of persons Qualification Duties 

3 
3 
3 

skilled 
skilled 

unskilled 

activation o~ alumina 
grinding of cement 

bagging, transportation 

No additional supervisory personnel is contemplated. 

7. PRODUCT QUALITY ASSORAHCE AND COR'l'ROL C PRQPERTIES TO BE 
COBTROLLBD. METHODS AND EOUIPMEH'l'l 

The basic condition cf producing product of good and 
consistent quality is the guaranteed quality of raw materials 
utilized. The purchase of raw materials from reliable supplier 
will pay off in the stage of utilization even if the prices are 
higher. 

7.1. System of routine quality control reco1111ended: 

Control of raw materials by shipment: 
lime: analysis of CaO/C02 content 

determination of adhesive moisture 
ad-hoc control of sio2 content 

alumina - acceptance of shipment with certificate 
attached 

control of meal with analysis of cao and Al 20 3 content 

Qualification of product: 

Measurement of setting time (by shipment) ·> 
Determination of free lime content (by shipment) ., 
Granulometric analysis (continuously) ., 
Measurement of mechanical strength with standard 
grain (ad-hoc) ., 
Analysis of Al:P:u cao, Na 20, Si02 and MgO content 
(ad-hoc) ., 
Measurement of temperature of softening under load 
(ad-hoc) ., 

• 1 Indication that the necessary measurement apparatus and 
instruments are locally available. 
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7.2. summary 01: methods of quality control analyses and measurements 

No. 

1 

2 

Name 

sample 
preparation 

Chemical 
analyses 

Cao c .. mtent 

C02 content 

MgO content 

Al2 0 3 content 

Na 2 0 + K 2 0 
content 

Si02 content 

Fe .. o, 

3 Physico-
~chanical 

testing 

Setting time 

P•~inoiple ot 
Method 

crushing, 
screening 

Quan tome try 

Th&:rmal 
analysis 

Quantometry 

Quan tome try 

Flame
photometry 

Quantometry 

Quan tome try 

Needle 
immersion 

Material to be 
investigated 

Raw materials, 
clinker 

lime, clinker, 
cement 

lime 

cement 

c~ment 

cement 

lime, cement 

cement 

Cement 

Investments and 
apparatus required 

Jaw crusher, planetary 
mill, screens 

ARL X-ray quantorneter 

LECO thermal analyzer 

ARL X-ray quantorneter 

ARL X-ray quantometer 

Chemicals, photometer 
(589 nm, 766 nm), 

glassware 

Chemicals, photometer, 
glassware, heating 

furnace (up to 1,200°c) 

ARL X-ray quantometer 

Vicat apparatus 



No. Nam• 

Screen analysis 

Specific 
surf ace area 

Cold bending 
strength 

Cold 
compressive 

strength 

compressive and 
bending 

strength after 
burning 

-
Principle ot 

Method 

Screening 

Air propulsion 

Breaking load 

Breaking load 

Breaking load 
after burning 

4 Application 
properties. 
measurement 

Resistance to cyclic heating, 
thermal shock weighing 

Softening under Measurement of 
load change in size 

at heating 
under load 

Derivatographic Registration of 
measurements change in 

weight and 
temperature 

under thermic 
load 

-
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Material to be 
investigated 

Cement 

Alumina 

cement + grains 

Cement + grains 

cement + grains 

Cement + grains 

Cement + grains 

Clinker, cemen~, 
cement + grains 

Investments and 
apparatus required 

Screens 

Blain apparatus 

Breaking machines, 
metallic mould 

Mixing machine, 
breaking machine, 

metallic mould 

Dryer, heating fu~nace 

Mixing machine, heating 
furnace, metallic mould 

Apparatus for measuring 
softening under load 

Derivatograph 
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8 • INVESTMENT COST ESTIMATE 

This estimate is based on unit prices prevalent in April 1992 
in Hungary (civil and building construction) and in Hungary and 
Europe (machinery and equipment). They may be easily converted to 
conditions of other unit prices. The estimate is made for the 
production of the grade of 80 % alumina-content CA refractory 
cement. Deviation permitted as per UNIDO practice (•Opportunity
Study"): ± 30 %. 

8.1. For a 5.000 tpy separate pro<iuction unit. USS 

The availability at plant site within the preaises ~f C.E. 
Minerales de Venezuela and Refractorios Venezolanos S.A. of the 
following items of infrastructure at no significant additional 
investment co3t to the subject project is taken as a pre-condition. 

8.1.1 

8.1.2 

electric energy 
water supply 
canalization/sewage system (technological, sewage, rain) 
land 
organization of quality control, including laboratory 
social premises 
off ice space 

Civil and building construction 

furnace hall 
breaking, crushing, grinding 
storage of products 

450 
road network 420 

TOTAL 

Equipment 

6 steel silos (250, 60, 60, 
50, 40, 40 m>) 
triple-chamber ball mill (1) 
jaw breakers (3) 
vibration dosators (11) 
chutes, gates 
hydraulic hammer-breaker 

100 m2 
100 m2 
250 m2 

m2 x US$ 
m2 x US$ 

US$ 

200 
130 

bag filters for dust separation (4) 
installation for activation of alumina 
transportation (diesel trucks, band 
elevators, crane for mould shells, 
hauling of moulds, etc.) 
1 MVA electric arc furnace with 

= 90,000 
= 55,000 

145,000 

250,000 
80,000 

150,000 
100,000 
30,000 
85,000 

140,000 
150,000 

150,000 
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8.1.5 
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transformer, electrode holding/ 
lifting •echanis·1, gas fan, etc. 

TOTAL US$ 

Aut:o.at:ion and elect:ricit;y network 

auto•atic scales (30) 
silo level indicators 
central electric instrumentation, 

450,000 

1,585,000 

60,000 
40,000 

control and regulation panel and syste• (1) 
electric power transmission network (1) 
illumination 

120,000 
45,000 
15,000 

TOTAL 

Brect:ion and inst:allat:ion 

steel structures 
automation (electricity) 
craning, scaffolding 
start-up costs 

TOTAL 

Bnqineerinq design and 
supervision 

Bst:i.at:ed t:ot:al invest.ent 

GRAND TOTAL 
say 

US$ 

US$ 

US$ 

280,000 

35,000 
30,000 
40,000 
35,000 

140,000 

145,000 

145,000 
1,585,000 

280,000 
140,000 
145,000 

2,295,000 
2.3 million 

This estimate does not include items required for operation 
such as 

filtering cloth 
furnace lining 
bags, palettes, labels, packing foil, etc. 
spare parts 
staff safety protection gear 
off ice equipment etc. 

It does not contain cost of working capital either. 
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8.2. In case of partial utilization of the capacity of tbe newly 
established furnace No. 2 

Based on inforaation collected on the visit to the plant on 10 
throu':1:. 15 May this year, the availability at plant site of the 
followinq items at no siqnificant additional investment cost to the 
subject project is considered. 

8.2.1 

8.2.2. 

8.2.3 

electric enerqy 
water 
sewage syste• (technoloqical, waste, rain) 
land 
orqanization of quality control, includinq laboratory 
social premises 
off ice space 
melting site with furnace and auxiliary equip•ent 
fine crushing 
coolinq yard 

Civil and buildiDCJ const.ruction 

crude crushing and grinding 100 
storage of product 250 

350 •"xUS$ 200 
road network 40 rxUS$ 130 
TOTAL 

Equipment 

3 steel sheet silos (150, 60 and 20 m") 
steel sheet storage containers 
pneumatic transportation piping to 
activatinq unit (1) 
vibration mill (1) 
jaw breaker (1) 
vibration dosators (4) 
chutes, gates 
steel structures for operators 
hydraulic ha .. er breaker (1) 
bag filters for dust 
separation 2) 
internal transportation diesel 
trucks (3) 
installation for activation 
of alumina (1) 

TOTAL US$ 

Automation and electricity network 

automatic scales (2) 

r 
m2 

= US$ 
= US$ 

US$ 

70,000 
5,000 

75,000 

150,000 
50,000 

12,000 
120,000 
50,000 
38,000 
25,000 
24,000 
85,000 

120,000 

40,000 

150,000 

864,000 

40,000 

' ' --··--·-----·-·------·--·-----------·---------··-·-·--------- -----·--····-------·-·----------------·-·-·--------·--·-·-·------·--·----·----------------··------·----·--------~ 
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silo level indicators 
electronic requlation syste11S for 
dosing, grinding and dust separation (1) 
electric power trans•ission network 
illWlination 

TOTAL 

.Erection and ins'talla"tion 

steel structures 
auto:aation (electricity) 
craning, scaffolding 
start-up costs 

TOTAL 

BDgineeriDg design and supervision 

Bs"t.iaa"ted "total i.nvest:.en"t costs 

GRAND TOTAL 
Say 

US$ 

US$ 

US$ 
US$ 

25,000 

15,000 
25,000 
10,000 

115,000 

30,000 
20,000 
35,000 
25,000 

110,000 

80,000 

75,000 
864,000 
115,000 
110,000 

80,000 

1,244,0CO 
1.3 •illion 

This estimate, made on the prices of April 1992, does not 
include iteJIS required for operation, such as 

graphite electrodes 
filtering cloth 
bags, palettes, labels, packing foil, etc. 
spare parts 
staff safety protection gear, etc. 

It does not contain cost of working capital either. 



r--------- --- -

• 

- 32 -

9. SUIOIARY AND CONCLUSIONS 

9.1. On the assigr.ment of lTNIDO, we have studied the availability 
and sui~abi~:~y of raw materials, the selection of technology 
and a n~r of other important conditions of establishment of 
p~oduc~:on of refractory grade alU11inate cements in the plant 
C.E. Mi~erales de Venezuela S.A. of the coapany Corporacion 
Grupo ~~rques Barry in Venezuela. The results of our study 
and ou!" new. complementary laboratory investigations and 
testing are described in this report which, at the same time, 
does no~ contain explicit know-how information. 

9.2. In the !irst part of the report, aaong others, the che•istry 
and grades of aluninate cements and requirements and other 
informa~ion on quality of raw materials, production 
technology, material balance, flow-sheet of production were 
described • 

9.3. Detailed elaborations were aade on system of quality assurance 
for the products, including properties to be controlled and 
the necessary methods and equipment. This was complemented by 
laboratory investigations and preparation and testing of 
specime~s made using the cements prepared by us on laboratory 
scale f~om the available local raw materials. 

9. 4. Based en data collection and assessments on the spot the 
investment costs were estimated for the case of establishment 
of a separate production unit of 5,000 tpy capacity. As an 
alterna~ive, similar assessment was made also for the case of 
partial utilization on the same annual scale of t!le new, 
additional capacity (furnace nc. 2) of white corundum 
production, being now established in the plant. For both 
cases, lists of new main and auxiliary technological equipment 
and operating staff requirements were also elaborated. 

9.5. As a result of collection of all the necessary information, 
including personal visit to the industrial plant under 
scrutiny and detailed consultations with the Venezuelan 
counterpart, we have reached the conclusion that the necessary 
conditions are present and very favourable for the 
organization and realization on relatively moderate costs and 
in a short time period of the production of refractory grade 
alunina~e cements on a quality level. 

9.6. Already r.ow, most ot the major, important conditions required 
for establishing this production by the company, are present, 
such as: 

Availability of raw ma•.:erials of suitable quality and 
favoura~le p~ice; 

Availatility of electric energy of favourable price; 
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Availability of pt·ofessional staff of engineers and workers, 
experienced in the operations of melting, breaking, grinding; 

availability of experienced professional staff and special 
equipment for quality control of raw materials and fused 
products; 

favourable conditions of location and space for a separate 
production unit and on the other hand favourable 
circUJ1Stances for the alternative case of respective, partial 
utilization for the sa•e purpose of the new furnace no. 2 now 
under installation; 

significant available local/national •arket for the ce•ent 
product. 

Since the first two conditions (raw •aterial and energy) 
represent approximately two third of the internationally known 
production costs, it may be expected that the competitiveness 
of the new ce•ent products will be at least as high as that of 
the white corundum produced now by the company. 

9. 7. The only •issing major local condition of organizing and 
starting of the production of refractory grade aluminate 
cement of internationally acceptable high quality is the non
availability of local active alumina to serve as additive. 
This problem can be solved either by import or by organization 
of local production in cooperation with the neighbouring 
alumina plant (which is a general practice) or by the company 
·~ tself. Our exploratory laboratory investigations and 
relevant specimen testing carried out in addition to the tasks 
prescribed by the UNIDO assignment, prove that the required 
activation of the available InteralUDina alumina product may 
be organized and carried out even within the premises of the 
corundum plant at moderate costs, with a process of two stages 
resulting in stage by stage consecutive improvement of 
properties and pro11ising and end-product by quality, close to 
that of the cement product of internationally leading 
manufacturers. The relevant know-how is accessible. 
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ANNEX 

Summary report on laboratory investigation 
of fused aluninate-cenent. prepared fron sanples 

of Venezuelan alumina and lime 

Samples of alumina, produced by the Interalumina plant of 
Puerto Ordaz and also lime of Venezuelan origin, put at our 
disposal by Corporacion Grupo Marquez Barry, were blended in a 
ration according to analytical data provided also by the company, 
homogenized and fused in a laboratory furnace of 30 Kw and 22 V and 
single phase. The mixture functioned also as crucible, so 
contamination by other component was excluded. 

The fusion proceeded quickly and undisturbed, no intensive 
development of gases was experienced. No boiling of the melt was 
observed. The small fused block produced, weighing about 1 kg, was 
not renoved before it cooled down. It was ground in jaw breaker to 
the size of O to 3 mm and by adding Hungarian active alumina, 
Venezuelan alumina and activated Venezuelan alumina respectively, 
and fine grinding in vibration mill, cement samples were produced. 

The following investigations were carried out: 

X-ray diffractometry for clinkers and cement sa11ples (see 
Pictures 5 and 6); 

BET specific surface area determination; 

VICAT setting time measurements; 

Compression strength on room temperature of specimens of 
concrete 48 hours after preparation and after heating to 
1, 200° C/ 

Specimens of concrete were prepared from 85 % standard 
corundum grains and 15 % cement. Water was added to the extent of 
plus 7.5 %. Results of the measurements and investigations are 
shown in the table below. 
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Measurement Type of ce:ment 

CH CVl CV2 CA25 

Specific surface 1.2 27.6 25.2 10.8 
area (n.2/g) 

Setting ti:me 
start 3h40:nin 3h 2h40:nin lh50min 
end 5 h 4h30n.in 4h40n.in 3h55min 

Compression 
strength (N/cm2

) 

- after 48 hours 1,864 1,113 1,407 1,550 
- burned on 1200°c 1785 1,164 1,643 1,512 

Note: CH - cement with additive of active alumina oaf Hungarian 
origin. 

CV! - cement with additive of untreated Interalumina 
alumina. 

CV2 - cement with additive of activated Interalumina 
alumina. 

CA25 - cement of Alcoa CA25 type. 

Conclusions: 

1. The X-ray diffractoqrams show that the quality of Interalumina 
alumina and li:ne of Venezuelan origin are suitable for 
production of aluminate-cement (no presence of silicates or 
other undesired compounds). 

2. Although the CV2-cen.ent shows a quality con.parable already to 
CA25, the investigations will continue with a cement similar 
in composition to CV2, but with acre strongly activated 
additive of Interalumina alumina (CV3). We expect from the 
respective specimens an even larger compressive strength, 
close to that of CH. 
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UNITED NATIOlfS INDUSTRIAL DEVELOPllERT ORGAlllZATIOlf 

JOB DESCRIPTION 

UC/VElf/91/189/ll-51/J13207 

*** 
Post Title: Refractory material specialist 

Duration~ 2 months 

Date required: As soon as possible 

Duty Station: Ho•e base 

Purpose of 
project: 

Duties: 

1. 

2. 

3. 

Enable the National Counterpart - Corporacion Grupo 
Marques Barry to evaluate the 
technical and economic viability of the production 
of aluminate silicates from indigenous raw 
materials and take an urgent investment decision. 

The specialist should prepare for Corporacion Grupo 
Marques Barry's fused alumina plant in Puerto 
Ordaz, Venezuela 

the raw material requirements of the aluminate 
cement production; 

participate in the selection of most suitable 
indiqenous raw materials; 

discuss questions related to aluminate-cement 
product quality, fields of applications and market 
questions. 

~ Qualifipations: 

\ Metallurqical or chemical engineer 

Language requirements: 

English 

Applications and communications regarding this Job Description 
should be sent to: 

.... /2 

Project Personnel Recruitment Section, Industrial Operations Division 
UNIDO, VIENNA INTERNATIONAL CENTRE, P.O. BOX 300, Vienna, Austria 
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BACKGROUND INFORMATION 

The Venezuelan aluminium indust:y was developed from its 
beginning to increase the export revenues of the country and also 
to diversify the exports that were previously mainly based on 
petroleum. It was also strongly linked to the desire of the 
Gcvernment of Venezuela to create a pole of development in the 
Guayana region. Presently, the aluminium industry of Venezuela 
operates in a uniquely favourable position. 

Acivantages of Venezuela in tbe alwainium pro<iuction; 

Availability of abundant electrical energy on the Caroni 
River (second cheapest of the world). 

Huge reserves of high quality bauxite and locally 
produced alumina • 

Favourable geographical location of the country - close 
to the markets of Central and Horth America, convenient 
connections to Europe and Japan. 

Location of industry close to sources of energy, raw 
materials and Orinoco River navigation facilities - low 
transportation cost of inputs. 

Low cost of labour. 

Experience in aluminium production and trade, trained 
persormel. 

The Venezuelan aluminium industry has a vertical structure and 
with the exception of the processing sector, it is controlled by 
the holding company CVG (Corporacion Venezolana de Guayana). , 

There 

(i) 

(ii) 

(iii) 

(iv) 

are four enterprises in the aluminium sector of CVG: 

CVG BAUXIVEN - responsible for the exploitation of 
bauxite in the Los Pijiquaos area. 

CVG INTERALUMINA - alumina plant operator. 

CVG Al.CASA - aluminium reduction and rolling plant 
operator. 

CVG VENALUM - aluminium reduction and products 
plant operator. 

As a result of the continuous increase in production capacity, 
the current output of alumina is about 1.3 million metric tonnes 
per year, and that of aluminium is 655, 000 metric tonnes. CVG 
INTERALUMINA will increase its capacity to three million metric 
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tonnes per year until 1995 in order to aeet the qrowing de11and of 
the smelters for aluaina. It is expected that by the end of this 
century, smelting capacity will have reached two aillion aetric 
tonnes per year, requiring aore than four aillion aetric tonnes of 
alumina annually. Mining of bauxite will have to reach the level 
of eight million a.t./year. Fortunately, the abundant Venezuelan 
reserves of this aineral will ensure coaplete self-supply for 
decades to come. 

The present efforts of the state-owned CVG are naturally 
concentrated on the developaent of the priJlarY aluai.niua 
production, and soae of the areas of semi-finished product 
fabrication making up for the hiqhest production and export voluae. 
At the saae tiae, there is an ever growing deaand fro• the 
constantly developing doaestic industry for different kinds of raw 
materials and products based on aluai.niua and its derivates. 
Besides the aluai.niua industry, other sectors of aetallurgy too -
like iron and steel and f erroalloy industries - are developing 
steadily and have already achieved high levels in Venezuela. 'l'bis 
is related to the abundant raw material (iron, non-ferrous aetals, 
etc.) and energy resources. The •arket possibilities of these 
sectors are very proaising even on a long-tera basis. 

The aetallurgical sector of the national econoay is one of the 
largest consumers of high quality refractory aaterials. Venezuela 
presently imports great portions of these products, consuaing the 
insufficient hard-currency revenues of the country. It is 
therefore a justified trend to elaborate possibilities for illport 
substitution in the fast developing branches of national econoaies. 
As long as the overall development of the economy in the Guayana 
Region consumes aost of the hW18D resources of CVG, the private 
sector is encouraged to develop the production of saaller scale 
products. 

Among the refractory materials, aluainate silicates, which are 
often Called alwlinate ceaents, are playing a very iaportant role 
as binding materials and for cast refractory applications. These 
products arc produced from specially ground high purity alumina, 
saelter grade pure aluaina, limestone and other additives. Due to 
the high quality bauxite and very up-to-date technologies used for 
the aluminium production in VenalWI, it seems feasible that after 
some special, inexpensive treatment the raw aaterials available in 
Venezuela can be used for the production of aluainate silicates. 

The private Collpany "COrporacion Grupo Marques Barry" has 
decided to start the production of these materials, aiaing to 
achieve 5,000 metric t/year production voluae aainly consuaed in 
Venezuela and partially in the neighbouring countries. The COapany 
operates the following plants in the related fields, being one of 
the important private ferro-alloy and refractory materials producer 
of the country: 
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Hornos Electricos d~ Venezuela, S.A. 
Refractarios Venezolanos, S.A. 
Flocon de Venezuela, S.A. 
C.E. Minerales de Venezuela, S.A. 
Coporaction Guayanesa de Silico Guayasil, C.A. 
Industria Siderquiaica Venezola~a, C.A. 
Corporacion Selee de Venezuela, S.A. 

Recently, the Corporacion Grupo Marques Barry, by establishing a 
new factory, started up the production of fused aluainas (white 
corrundu.) in joint venture with the collpally Collbustion Engineers 
USA, using the technology know-how and aarketinq abilities of the 
North Allerican partner. 

The fused aluainas are produced by maeltinq the pure saelter 
grade aluaina in electric arc furnaces and coolinq it afterwards to 
roo• temperature. For the production of alwdnate silicates, 
electric arc furnaces are also used: hence the raw materials, 
basic technological equipaent are very siailar in both cases. Tt .. e 
aluai.nate silicate production is intended to be organized on the 
new fused alWlina plant (Refractarios Venezolano~, S.A.) which is 
situated in Puerto Ordaz, and connected to the Interalwaina 
refinery with an aluaina conveyor for the easy raw material supply. 
These are the main advantages of, and the reasons for the coapany 
to start up the production of aluainate silicates. 

The project is ailled at the selection of the JIOSt suitable 
type of raw aaterials available in Venezuela (aainly aluaina and 
limestone), and recomaend on the viability of introduction of 
aluminate silicate production. In this regard, the aain features 
of adaptation of the production technology, selection of aain 
equipment, estiaation of investaent and production costs will be 
undertaken, also thus providing the National counterpart iaportant 
inputs to make an investment decision. 

I 

Th'e urgency of the project is related to the following 
factors: 

a) The Venezuelan metallurgy and other branches of industry are 
demanding aore and aore high quality refractories which enable 
to reduce production costs, S1100then their operation, improve 
product quality and enhance their overall efficiency. These 
materials are presently not produced in Venezuela and aust be 
iaported. The iaport of refractories is soaeti11es difficult, 
or a lengthy procedure, due to import restrictions and 
regulations. Thus, the industry faces econo•ic losses in its 
everday operations. 

b) The import substitution is one of the first priorities in 
Venezuela due to its present heavy debt burden. 

c) The Company Corporacion Grupo Marques Barry has recently 
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started up the production in its fused aluaina plant. It 
wants to take an urqent investaent decision on the 
diversification of its product-line. If the aanufacturing of 
this new and important product shows up technical and ecollOllic 
viability, the Coapany is ready to invest its only presently 
available lilli.ted funds to solve this problea of the National 
econo•Y· 

The use of dollestic hiqh quality aluaina only for almrlniu. 
smel tinq is a waste of possible added value C011pOnent for the 
country. It is well proved by the experience of highly 
developed countries, that the production of increased added 
value speciality abminas and their derivates brings hiqh 
econolli.c effect to the producers. The di versification of the 
Venezuelan aluai.nium industry is an important and urgent 
issue, while the regional aarkets are still not sufficiently 
covered. · 

National Counterparts Inputs 

The National counterpart will: 

(a) Procure and deliver to the UNIOO consultant all necessary 
raw 11aterials to be tested in due time and quantity, as 
specified by the consultant. 

( b) Ensure all the necessary backqround, technical and 
econolli.c information and data as required by tbe UllIDO 
consultant for the successful i•pleaentation of the 
project. 

( c) Collect and coapile all aarketing informations includinq 
quantities, quality requireaents and assortaent. 

(d) Noainate a full-time expert in charge of the project and 
I responsible for the organization of the services and 

sublli.ssion of informations to the UNIOO consultant. 

REPORTING AND EVALUATION REQUIREMENTS, FOLLOW-UP 

After finishing the laboratory and industrial technological 
tests, the specialist with the other mellbers of the teaa shall 
prepare a report reflecting the findings and recommendations 
related to the proposed technology, selected raw materials, 
estimated invesblent and production costs, sources of know-how and 
training requirements. 
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Post !'itle: 

Du.ration: 

JOB DBSCRIPJ.'IOll 

UC/VElf/91/189/11-52/J13207 

*** 
Plant design specialist 

2 :months 

Date required: As soon as possible 

Duty Station: Home base 

Purpose of 
project: 

Duties: 

1. 

2. 

3. 

4. 

Enable the National Counterpart - Corporacion Grupo 
Marques Barry to evaluate tbe 
technical and econoaic viability of the production 
of aluai.nate silicates fro• indigenous raw 
materials and take an urgent investment decision. 

Tbe specialist st-- 1ld prepare for Corporacion Grupo 
Marques Barry's fused almrlna plant in Puerto 
Ordaz, Venezuela 

requireaents towards plant site; 

infor11ation regarding tbe infrastructure and 
utilities required for an aluaina cement plant; 

equipaent list, plant layout design; 

inf or11ation on engineering and construction works 
and cost; 

~ 5.J invest.Jlent cost estimation; 

( Qualifications: 

Mechanical engineer 

Language requireaents: 

English 

Applications ~ communications regardin& this Job Description 
should be sent to: 

••• • f2, 

Project Personnel Recruitment Section, Industrial Operations Division 
UNIOO, VIENNA I?i.IERNATIONAL CENTRE, P.O. BOX 300, Vienna, Austria 
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BACl<GROUND INFORMATION 

The Venezuelan aluainiua industry was developed froa its 
beginning to increase the export revenues of the country and also 
to diversify the exports that were previously aainly based on 
petroleua. It was also strongly linked to the desire of the 
Government of Venezuela to create a pole of developaent in the 
Guayana region. Presently, the aluainiua industry of Venezuela 
operates in a uniquely favourable position. 

Advantages of Venezuela in the alU11iniU11 production; 

Availability of abundant electrical energy on the caroni 
River (second cheapest of the world). 

Huge reserves of high quality bauxite and locally 
produced alUJ1ina: 

Favourable g~"Z'ilphical location of the country - close 
to the 11arkets of Central and North Allerica, convenient 
connections to Europe and Japan. 

Location of industry close to sources of energy, raw 
materials and orinoco River navigation facilities - low 
transportation cost of inputs. 

Low cost of labour. 

Experience in alWliniua production and trade, trained 
personnel. 

The Venezuelan aluainiWI industry has a vertical structure and 
with the exception of the processinq sector, it is controlled by 
the holding coapany CVG (Corporacion venezolana de Guayana). 

j 
There are four enterprises in the aluai.niWI sector of CVG; 

(i) 

(ii) 

(iii) 

(iv) 

CVG BAUXIVEN - responsible for the exploitation of 
bauxite in the Los Pijiguaos area. 

CVG INTERALUMINA - alUJ1ina plant operator. 

CVG AI.CASA - aluainiua reduction and rolling plant 
operator. 

CVG VENALOM - aluainiUJI reduction and products 
plant operator. 

As a result of the continuous increase in production capacity, 
the current output of alUJ1ina is about 1.3 aillion metric tonnes 
per year, and that of alW1iniua is 655,000 aetric tonnes. CVG 
INTERALUMINA will increase its capacity to three million metric 
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tonnes per year until 1995 in order to aeet the qrowinq deaand of 
the smelters for aluaina. It is expected that by the end of this 
century, saeltinq capacity will bave reached two aillion aetric 
tonnes per year, requiring 110re tban four aillion aetric tonnes of 
aluaina annually. Mining of bauxite will have to reach the level 
of eight aillion a.t./year. Fortunately, the abundant Venezuelan 
reserves of this aineral will ensure COJIPlete self-supply for 
decades to coae. 

Tile present efforts of the State-owned CVG are naturally 
concentrated on tbe development of the priaary alu.ini~ .. 
production, and soae of the area-s of seai.-finished product 
fabrication aalti.nq up for the highest production and export voluae. 
At tbe saae tiae, there is an ever growing deaand fro• the 
constantly developing domestic industry for different ~inds of raw 
aaterials and products based on alUlli.niua and its deri9nltes. 
Besides the aluainiua industry, other sectors of aetall~·n' too -
like iron and steel and ferroalloy industries - are developing 
steadily and have already acbievecl higb levels in Venezuela. This 
is related to the abundant raw aaterial (iron, non-ferrous aetals, 
etc.) and energy resources. Tbe market possibilities of these 
sectors are very proJlising even on a long-tera basis. 

The aetallurgical sector of tbe national econoay is one of the 
largest consumers of high quality refractory aaterials. Venezuela 
presently imports great portions of these products, conswaing the 
insufficient hard-currency revenues of the country. It is 
therefore a justified trend t:o elaborate possibilities for iaport 
substitution in the fast developing branches of national econoaies. 
As long as the overall development of the economy in the Guayana 
Regien consumes llOSt of tbe hU1181l resources of CVG, the private 
sector is encouraged t:o develop tbe production of smaller scale 
products. 

~ M!Png the refractory materials, alW1inate silicates, which are 
"W often ealled aluai.nate ceaents, are playing a very iaportant role 

as binding aaterials and for cast refractory applications. These 
products are produced frOJI specially ground high purity alwaina, 
saelter qrade pure alWlina, liaestone and other additives. Due to 
the high quality bauxite and very up-to-date technologies used for 
the alU11iniua production in VenalUJ1, it seeas feasible that after 
soae special, inexpensive treataent the raw materials available in 
Venezuela can be used for the production of aluainate silicates. 

The private Co•pany •corporacion Grupo Marques Barry" has 
decided to start the production of these aaterials, ai•ing to 
achieve 5,000 metric t/year production volwae mainly consumed in 
Venezuela and partially in the neighbouring countries. The Company 
operates the following plants in the related fields, being one of 
the i•portant private ferro-alloy and refractol'} materials producer 
of the country: 



,. 
I 

- 4 -

Hornos Blect.ricos de Venezuela, S.A. 
Refractarios Venezolanos, S.A. 
Flocon de Venezuela, S.A. 
C.E. Minerales de Venezuela, S.A. 
Coporaction Guayanesa de Silico Guayasil, C.A. 
Industria Siderqui.Jrica Venezolana, C.A. 
Corporacion Selee de Venezuela, S.A. 

Recently, the Corporacion Grupo Marques Barry, by establishinq a 
new factory, started up the production of fused almdnas (white 
corrundua) in joint venture with the company collbustion Enqineers 
USA, usinq the technology know-bow and .arketinq abilities of the 
North h.:.rican partner. 

Tile fused alUlli.nas are produced by s.eltinq the pure saelter 
qrade alumina in electric arc furnaces and coolinq it afterwards to 
rooa teaperature. For the production of aluainate silicates, 
electric arc furnaces are also used: hence the raw materials, 
basic technoloqical equipaent are very siailar in both cases. 'l'be 
aluainate silicate production is intended to be orqanized on the 
new fused aluaina plant (Refractarios Venezolanos, S.A.) which is 
situated in Puerto ordaz, and connected to the Interaluaina 
refinery with an alUlli.na conveyor for the easy raw aaterial supply. 
Tbese are the main advantaqes of, and the reasons for the coapany 
to start up the production of aluainate silicates. 

Tile project is ai.lled at the selection of the aost ~uitable 
type of raw aaterials available in Venezuela (aainly aluaina and 
liaestone), and recomaend on the viability of introduction of 
aluainate silicate production. In this reqard, the r'!lin features 
of adaptation of the production technology, selet..--tion of main 
equipaent, estimation of investJlent and production costs will be 
undertaken, also thus providinq the National counterpart iaportant 
inputs to •ake an investaent decision. 

I 

' . Tile urqency of the pro1ect is related to the following 
factors: 

a) The Venezuelan aetallurqy and other branches of industry are 
deaandinq aore and aore high quality refractories which enable 
to reduce production costs, SJIOOthen their operation, i•prove 
product quality and enhance their overall efficiency. Tbese 
materials are presently not produced in Venezuela and 11USt be 
i.aported. The i.Jlport of refractories is sometiaes difficult, 
or a lenqthy procedure, due to import restrictions and 
requlations. Thus, tbe industry faces economic losses in its 
everday operations. 

b) The import substitution is one of the first priorities in 
Venezuela due to its present heavy debt burden. 

c) The Company corporacion Grupo Marques Barry has recently 
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started up the production in its fused alWlina plant. It 
wants to take an urgent investment decision on the 
diversification of its product-line. If the manufacturing of 
this new and iaportant product shows up technical and economic 
viability, the Coapany is ready to invest its only presently 
available limited funds to solve this problem of the National 
economy. 

The use of doaestic high quality alumina only for alu.iniwa 
saelting is a waste of possible added value coaponent for the 
country. It is well proved by the experience of highly 
developed countries, that the production of increased added 
value speciality alWRinas and their derivates brings high 
econoaic effect to the producers. The diversification of the 
Venezuelan alUJli.niWI industry is an iaportant and urgent 
issue, while the regional aarkets are still not sufficiently 
covered. 

National Counterparts Inputs 

The National counterpart will: 

(a) Procure and deliver to the UNIDO consultant all necessary 
raw .. aterials to be tested in due time and quantity, as 
specified by the consultant. 

(b) Ensure all the necessary background, technical and 
economic information and data as required by the UNIDO 
consultant for the successful iaple11entation of the 
project. 

( c) Collect and compile all marketing informations including 
quantities, quality requirements and assortment. 

(d) Hoainate a full-time expert in charge of the project and 
/ responsible for the organization of the services and 

subaission of informations to the UNIDO consultant. 

REPORTING AND EVALUATION REQUIREMENTS, FOLLOW-UP 

After f inishinq the laboratory and industrial technological 
tests, the specialist with the other members of the team shall 
prepare a report reflecting the f indinqs and recommendations 
related to the proposed technology, selected raw materials, 
estimated investment and production costs, sources of know-how and 
training requireaents. 
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OllITBD MATIOllS IJIDUSTRIAL DBVELOPllB'NT ORGAHIZATIOll 

JOB DBSCIUPl'IOll 

UC/VBll/91/189/ll-53/Jl3207 

*** 
Post 'f'itle: Material testing specialist 

Duration: 2 110nths 

Date required: As soon as possible 

DUty Station: Hoae base 

Purpose o.t 
project: 

DUties: 

1. 

2. 

3. 

Quali.tications: 
I 

Enable the National counterpart - Corporacion Grupo 
Marques Barry to evaluate the 
technical and economic viability of the production 
of alUJrlnate silicates fro• indigenous raw 
aaterials and take an urgent investllent decision. 

The specialist should prepare for Corporacion Grupo 
Marques Barry's fused alllllina plant in Puerto 
Ordaz, Venezuela 

quality requirements of the raw 11aterials and 
should participate in their selection; 

the quality requirements of the final product; 

reco1111endation on ~~e quality assurance procedures 
and systea, list oi quality control, aeasuring and 
testinq equipment, quality assurance personnel. 

e Ch~aical enqineer or physicist 

Language requireaents: 

English 

Applications and co1111&UJicatlons regarding this Job Description 
should be sent to: 

•••• f2, 

Project Personnel Recruitment Section, Industrial Operations Division 
UNIOO, VIE.h"SA INTERNATIONAL CENTRE, P .0. BOX 300, Vienna, Austria 
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BACKGROUND INFORMATION 

The Venezuelan alU11iniua industry was developed from its 
beginning to increase the export revenues of the country and also 
to diversify the exports that were previously mainly based on 
petroleWI. It was also strongly linked to the desire of the 
Govern11ent of Venezuela to create a pole of deve~.opaent in the 
Guayana region. Presently, the alwainiua industry of Venezuela 
operates in a uniquely favourable position. 

Adyantages of venezuela in the alU11iniu. Production: 

Availability of abundant electrical energy on the caroni 
River (second cheapest of the world). 

Huge reserves of high quality bauxite and locally 
produced alU11ina. 

Favourable geographical location of the country - close 
to the J1Brkets of Central and North Aaerica, convenient 
connections to Europe and Japan. 

Location of industry close to sources of energy, raw 
materials and Orinoco River navigation facilities - low 
transportation cost of inputs. 

Low cost of labour. 

Experience in aluniniWI production and trade, trained 
personnel. 

The Venezuelan aluminiWR industry has a vertical structure and 
with the exception of the processing sector, it is controlled by 
the holding company CVG (Corporacion Venezolana de Guayana). 

I 
There are four enterprises in the alu.iniwa sector of CVG: 

(i) 

(ii) 

(iii) 

(iv) 

CVG BAUXIVEN - responsible for the exploitation of 
bauxite in the Los Pijiguaos area. 

CVG INTERALUMINA - alwaina plant operator. 

CVG Al.CASA - aluminium reduction and rolling plant 
operator. 

CVG VEHALUM - alwniniwa reduction and products 
plant operator. 

As a result of the continuouG increase in production capacity, 
the current output of alumina is about 1.3 million metric tonnes 
per year, and that of aluminium is 655,000 metric tonnes. CVG 
INTERALUMINA will increase its capacity to three million metric 
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tonnes per year urtil 1995 in order to aeet the qrowing deaand of 
the s•elters for alumina. It is expected that by the end of this 
century, s•elting capacity will have reached two million metric 
tonnes per year, requiring more than four aillion metric tonnes of 
alWlina annually. Mining of bauxite will have to reach the level 
of eight million •.t./year. Fortunately, the abundant Venezuelan 
reserves of this •ineral will ensure complete self-supply for 
decades to co•e. 

The present efforts of the State-owned CVG are naturally 
concentrated on the developJ1e11t of the primary alW1iniW1 
production, and soae of the areas of seai-finished product 
fabrication •aking up for the highest production and export volW1e. 
At the saae tiae, there is an ever growing de•and from the 
constantly developing doaestic industry for different kinds of raw 
aaterials and products based on aluainiWI and its derivates. 
Besides the alWliniu. industry, other sectors of aetallurgy too -
like iron and steel and ferroalloy industries - are developing 
steadily and have already achieved high levels in Venezuela. This 
is related to the abundant raw material (iron, non-ferrous •etals, 
etc.) and energy resources. The urket possibilities of these 
sectors are very proaising even on a long-term basis. 

The aetallurgical sector of the national economy is one of the 
largest consmaers of high quality refractory aaterials. Venezuela 
presently i•ports qreat portions of these products, consuming the 
insufficient hard-currency revenues of the country. It is 
therefore a justified trend to elaborate possibilities for iaport 
substitution in the fast developing branches of national economies. 
As long as the overall developllellt of the economy in the Guayana 
Region consmaes aost of the hUJl8Jl resources of CVG, the private 
sector is encouraged to develop the production of s11aller scale 
products. 

Allong the refractory 11aterials, alu.inate silicates, which are 
often °*lled alwainate cements, are playing a very important role 
as binding materials and for cast refractory applications. These 
products are produced fro• specially ground high purity alumina, 
saelter qrade pure alumina, li•estone and other additives. Due to 
the high quality bauxite and very up-to-date technologies used for 
the aluminium production in Venalu., it seems feasible that after 
so11e special, inexpensive treatment the raw materials available in 
Venezuela can be used for the production of aluminate silicates. 

The private Company "COrporacion Grupo Marques Barry" has 
decided to start the production of these 11aterials, aiming to 
achieve 5,000 metric t/year production voluae mainly consumed in 
Venezuela and partially in the neighbouring countries. The Company 
operates the following plants in the related fields, being one of 
the iaportant private ferro-alloy and refractory materials producer 
of the country: 

I " 
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Homos Electricos de Venezuela, S.A. 
Refractarios Venezolanos, S.A. 
Plocon de Venezuela, S.A. 
C.E. Minerales de Venezuela, s.A. 
COporaction Guayanesa de Silica Guayasil, C.A. 
Industria Siderquiaica Venezolana, C.A. 
Corporacion Selee de Venezuela, S.A. 

Recently, the Corporacion Grupo Marques Barry, by establishing a 
new factory, started up the production of fused aluainas (white 
corrundU11) in joint venture with the coapany Coabustion Engineers 
USA, using the technology know-how and marketing abilities of the 
North Allerican partner. 

The fused alUJli.nas are produced by saelting the pure saelter 
grade aluaina in electric arc furnaces and cooling it afterwards to 
rooa temperature. For the production of aluainate silicates, 
electric arc furnaces are also used; hence the raw aaterials, 
basic technr.>logical equipaent are very siailar in both cases. The 
alW1inate silicate production is intended to be organized on the 
new fused alumina plant (Refractarios Venezolanos, ~.A.) which is 
situated in Puerto Ordaz, and connected to the Interaluaina 
refinery with an aluaina conveyor for the easy raw aaterial supply. 
These are the main advantages of, and the reasons for the Co•pany 
to start up che production of alWlinate silicates. 

The project is aimed at the selection of the 110st suitable 
type of raw :materials ~vailable in Venezuela (..ainly aluaina and 
limestone), and recoJDJDend on the viability of introduction of 
al\minate silicate production. In this regard, the 11ain features 
of adaptation of the production technology, selection of aain 
equipaent, estimatior. of investaent and production costs will be 
undertaken, also thus providing the National counterpart iaportant 
inputs to make an investment decision. 

Thk urgency of the project is related to the following 
factors: 

a) The Venezuelan metallurgy and other branches of industry are 
demandinq nore and more hiqh quality refractories which enable 
to reduce production costs, saoothen their operation, improve 
product quality and enhance their overall efficiency. These 
materials are presently not produced in Venezuela and must be 
iaported. The iaport of refractories is sometimes difficult, 
or a lenqthy procedure, due to import restrictions and 
regulations. Thus, the industry faces economic losses in its 
everday operations. 

b) The impcrt substitution is one of the first priorities in 
Venezuela due to its present heavy debt burden. 

c) The Company Corporacion Grupo Marques Barry has recently 
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started up the production in its fused alumina plant. It 
wants to take an urgent investment decision on the 
diversification of its product-line. If the manufacturing of 
this new and important product shows up technical and economic 
viability, the Company is ready to invest its only presently 
available limited funds to solve this problem of the National 
economy. 

The use of domestic high quality alumina only for aluminium 
smelting is a waste of possible added value component for the 
country. It is well proved by the experience of highly 
developed countries, that the production of increased added 
value speciality alwainas and their derivates brings high 
economic effect to the producers. The diversification of the 
Venezuelan alwrlnium industry is an iaportant and urgent 
issue, while the regional markets are still not sufficiently 
covered. 

National eounterparts Inputs 

The National counterpart will: 

(a) Procure and deliver to the UHIDO consultant all necessary 
raw materials to be tested in due time and quantity, as 
specified by the consultant. 

( b) Ensure all the necessary background, technical and 
econo•ic information and data as required by the UNIDO 
consultant for the successful implementation of the 
project. 

(c) Collect and compile all marketing informations including 
quantities, quality requirements and assortment. 

(d} Nominate a full-time expert in charge of the project and 
i responsible for the organization of the services and 

subaission of informations to the UHIDO consultant. 

REPORTING AND EVALUATION REQUIREMENTS, FOLLOW-UP 

After finishing the laboratory and industrial technologic:al 
tests, the specialist with the other members of the team shall 
prepare a report reflecting the findings and recolDJllendations 
related to the proposed technology, selected raw materials, 
esti.ated investment and production costs, sources of know-how and 
training requirements. 



ArfAGHM~NT NO. 1 

UNITED NATIONS INDUSTRIAL DEVELOPllEMT ORGAllIZATION 

JOB DESCRIPTION 

UC/VBll/91/189/ll-54/Jl3207 

*** 
Post; Title: Aluaina technologist 

Duration: 2 aonths 

Date required: As soon as possible 

Dut;y Station: Hoae base 

Purpose of 
project;: 

Duties: 

1. 

2. 

3. 

Quali:tications: 

Enable the National Counterpart - Corporacion Grupo 
Marques Barry to evaluate the 
technical and economic viability of the production 
of alUllinate silicates from indigenous raw 
aater~.als and take an urgent investaent decision. 

The specialist should prepare for Corporacion Grupo 
Marques Barry's fused alwaina plant in Puerto 
Ordaz, Venezuela 

information regarding alumina quality requirements; 

aaterial balance, material and energy consUllption 
data of alUJ1inate cement production; 

conceptual drawings of selected process technology. 

Metallurgical or chemical engineer 
I 

i e LanguacJe requirements: 

English 

Applications and communications regarding this Job Description 
should be sent to: 

•••• /2 

Project Personnel Recruitment Section, Industrial Operations Division 
UNIDO, VIENNA INTERNATIONAL CENTRE, P .0. BOX 300, Vierma, Austria 

BACKGROUND INFORMATION 
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BACKGROUND INFORMATION 

The Venezuelan aluainiWI industry was developed from its 
beginning to increase the export revenue~ of the country and also 
to diversify the exports that wer~ previously aainly based on 
petroleUll. It was also strongly linked to the desire of the 
Government of Venezuela to create a pole of development in the 
Guayana region. Presently, the aluainiua industry of Venezuela 
operates in a uniquely favourable_position. 

Advantages of Venezuela in the aluainiUll production: 

Availability of abundant electrical energy on the Caroni 
River (second cheapest of the world). 

Huge reserves of high quality bauxite and locally 
produced aluaina. 

Favourable geographical location of the country - close 
to the markets of Central and North Aaerica, convenient 
connections to Europe and Japan. 

Location of industry close to sources of energy, raw 
materials and Orinoco River navigation facilities - low 
transportation cost of inputs. 

Low cost of labour. 

Experience in alUllinium production and trade, trained 
personnel. 

The Venezuelan aluainiua industry has a vertical structure and 
with the exception of the processing sector, it is controlled by 
the holding company CVG (Corporacion Venezolana de Guayana). 

There are four enterprises in the alUllinium sector of CVG: 

(i) 

(ii) 

(iii) 

CVG BAUXIVEN - responsible for the exploitation of 
bauxite in the Los Pijiquaos area. 

CVG INTERALUMINA - alWDina plant operator. 

CVG AI.CASA - aluminiUJI reduction and rolling plant 
operator. 

(iv) CVG VENALUM - alwainium reduction and products 
plant operator. 

As a result of the continuous increase in production capacity, 
the current output of alumina is about 1.3 million metric tonnes 
per year, and that of aluminium is 655, ooo metric tonnes. CVG 
INTERALUMINA will increase its capacity to three million metric 
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tonnes per year until 1995 in order to aeet the growing deaand of 
the saelters for aluaina. It is expected that by the end of this 
century, saelting capacity will have reached two aillion aetric 
tonnes per year, requiring aore than four aillion aetric tonnes of 
aluaina annually. Mininq of bawd te will have to reach the level 
of eight aillion a.t./year. Fortunately, the abundant Venezuelan 
reserves of this aineral will ensure coaplete self-supply for 
decades to coae. 

The present efforts of the state-owned CVG are naturally 
concentrated on the developaent of the priaary alU11i~iU11 
production, and soae of the areas of seai-finished product 
fabrication aakinq up· for the highest production and export volu.e. 
At the saae tiae, there is an ever growing deaand froa the 
constantly developinq doaestic industry for different kinds of raw 
aaterials and products based on alUlliniUll and its derivates. 
Besides the alUlliniUll industry, other sectors of aetallurqy too -
like iron and steel and ferroalloy industries - are developing 
steadily and have already achieved high levels in Venezuela. 'l'bis 
is related to the abundant rawaaterial (iron, non-ferrous metals, 
etc.) and energy resources. 'l'he market possibilities of these 
sectors are very proaising even on a long-ter11 basis. 

The aetallurgical Fector of the national econoay is one of the 
largest consuaers of high quality refractory aaterials. Venezuela 
presently iaports great portions of these products, consuming the 
insufficient hard-currency revenues of the country. It is 
therefore a justified trend to elaborate possibilities for iaport 
substitution in the fast developing branches of national econo•ies. 
As lonq as the overall developaent of the econoay in the Guayana 
Region consuaes aost of the human resources of CVG, the private 
sector is encouraged to develop the production of saaller scale 
products. 

Aaong the refractory materials, aluainate silicates, which are 
often c'alled aluainate ceaents, are playing a very iaportAnt role 
as binding aaterials and for cast refractory applications. 'l'bese 
products are produced froa specially ground high purity alwaina, 
smelter grade pure alU11ina, liaestone and other additives. Due to 
the high quality bauxite and very up-to-date technologies used for 
the aluainiUll production in Venalua, it sef!JIS feasible that after 
soae special, inexpensive treataent the raw aaterials available in 
Venezuela can be used for the production of aluainate silicates. 

The private Coapany •corporacion Grupo Marques Barry" has 
decided to start the production of these aaterials, aiming to 
achieve 5,ooo metric t/year production volume aainly consumed in 
Venezuela and partially in the neighbouring countries. The Company 
operates the following plants in the related fields, being one of 
the important private ferro-alloy and refractory materials producer 
of the country: 
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Homos Electricos de Venezuela, S.A. 
Refractarios Venezolanos, S.A. 
Flocon de Venezuela, S.A. 
C.E. Minerales de Venezuela, S.A. 
Coporaction Guayanesa de Silico Guayasil, c.A. 
Industria Siderquiaica Venezolana, C.A. 
Corporacion Selee de Venezuela, S.A. 

Recently, the Corporacion Grupo Marques Barry, by establishinq a 
new factory, started up the production of fused aluainas (wbite 
corrundua) in joint venture with the company Collbustion Engineers 
USA, using the technology know-how and aarketing abilities of the 
North American partner. 

The fused aluainas are produced by saelting the pure saelter 
grade aluaina in electric arc furnaces and cooling it afterwards to 
roo• temperature. For the production of aluainate silicates, 
electric arc furnaces are also used; hence the raw aaterials, 
basic technological equipment are very si•ilar in both cases. '!'be 
aluainate silicate production is intended to be orqanized on the 
new fused aluaina plant (Refractarios.Venezolanos, S.A.) wbich is 
situated in Puerto ordaz, and connected to the Interal'lmi.na 
refinery with an aluaina conveyor for the easy raw aaterial supply. 
These are the wain advantages of, and the reasons for the Co•pany 
to start up the production of aluainate silicates. 

'ftle project is aiJled at the selection of the most suitable 
type of raw materials available in Venezuela (aainly alumina and 
li•estone), and reco.aend on the ,,-iability of introduction of 
sluainate silicate production. In this regard, the main features 
of adaptation of the production technology, selection of 11ain 
equipaent, estimation of investllent and production costs will be 
undertaken, also thus providing the National counterpart i11pe>rtant 
inputs to aake an investment decision. 

I 

'ftl~ urqency of the project is related to the followinq 
factors: 

a) 'ftle Venezuelan aetallurqy and other branches of industry are 
demanding 11<>re and 110re high quality refractories which enable 
to reduce production costs, smoothen their operation, i•prove 
product quality and enhance their overall efficiency. These 
materials are presently not produced in Venezuela and 11USt be 
iaported. The i11port of refractories is soaetiaes difficult, 
or a lengthy procedure, due to i•port restrictions and 
regulations. Thus, the industry faces econo•ic losses in its 
everday operations. 

b) The iaport substitution is one of the first priorities in 
Venezuela due to its pr·esent heavy debt burden. 

c) The Coapany Corporacion Grupo Marques Barry has recently 

I 111 11 I I I I Ill 11 II II 
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started up the production in its fused alu.ina plant. It 
wants to take an urgent invest.ent decision on the 
diversification of its product-line. If the JlallUfacturinq of 
this new and i•portant product shows up technical and economic 

··viability, the Coapany is ready to invest its only presently 
available li•ited funds to solve this problem of the National 
econoay. 

The use of do•estic hiqh quality alWlina only for alU11iniUJ1 
saeltinq is a waste of possible adde6 value coapc)nent for the 
country. It is well proved by the experience of hiqhly 
developed countries, that the production of increased added 
value speciality alU11inas and their derivates brinqs hiqh 
econoaic effect to the producers. The diversification of the 
Venezuelan aluainiUll industry is an iaportant and urgent 
issue, while the reqional aarkets are still not sufficiently 
covered • 

National counterparts Inputs 

The National counterpart will: 

(a) Procure and deliver to the UNIOO consultant all necessary 
raw aaterials to be tested in due time and quantity, as 
specified by the consultant. 

( b) Ensure all the necessary backqround, technical and 
econoaic inf oraation and data as required by the UNIDO 
consultant for the successful iaplementation of the 
:.>roject. 

(c) Collect and co•pile all aarketing inforaations includinq 
quantities, quality requireaents and assortaent. 

(dJ Noainate a full-time expert in charge of the project and 
I responsible for the organization of the services and 

submission of inforaations to the UHIDO consultant. 

REPORTING AND EVALUATION REQUIREMENTS, FOLLOW-UP 

After finishing the laboratory and industrial technoloqical 
tests, the specialist with the other aembers of the tea• shall 
prepare a report reflecting the findings and recommendations 
related to the proposed technology, selected raw materials, 
estiaated investment and production costs, sources of know-how and 
training requirements. 
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- AnACHKENT NO. 2 

Telu:U~ 

PlloM: "'-'1' 
•• 

Ovr ref.: 

_ lntersilicate Engineering Office 
tilt Budapest UL. H-tori .. U 

Your ref.: 

Your letter of: 

••Apnc.1tl 24th January, 1992 

Mr. J. Krouzek 
Head, 
UNIOO 
Department of Industrial ~rations 
Metallurgical Industries Branch 
A-1400 Vienna. 

Dear Mr. Krouzek, 

Subject: Pre-investment advisory services to th.e 
Corporation Grupo Marques Barry,Venezuela. 

Reference is made to your subject letter to us, dated 9.January, 
1992with the enclosed four job descriptions, covering the tasks 
to be tackled, and also to our personal discussions with Mr.GroI 
and Mr.Tarzejev held in UNIOO, Vienna on 20.01 this year. 
As we understand, the Venezuelan counterpart is interested in 
urgent evaluation of the technical and economic viability of 
extending their existing operations of production of fused 
aluminas in Puerto Ordaz (Refractarios Venezolanos S.A.) 
In positive case the evaluation will be followed by an investment 
decision. We are expected to assist the counterpart in this 
endeavour,· by providing proper information and.necessary elabora-
tions on the following: \ 

1. Requirements on selection of local raw materials, used for 
the production and on the quality of the calcium-aluminate 
cement product(s), specifically: 

a) determination of quality of raw materials required; 

b) participation in the selection of the optimal local sources 
for covering the requirements, relying on laboratory testing 
resul~s available; 

c) discuss questions related to the demands on aluminate cement 
product quality 'posed by main fields of application and market 
conditions, · 

2. Elaborations on selection of the process technology to be adopted: 
specifically: 

a) identification of optimal process technology under the pre
valing conditions of availability of raw materials, power and 
market outlets tor the product(s); 
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b) elaboration of material balance and material and energy 
consumption data of aluminate-cement production; 

c) preparation of conceptual drawings of selected process 
technology. 

3. Recommendations on quality assurance procedures and systems, list o 
quality control, measuring and testing expeFime.i:at and quality 
assurance personnel to be employed. "l./.11Y. .... ~( 

4. Main features of plant design and equipment, specifically: 

a) requirements towards plan'V'operation site; 

b) information regarding the infrastructure and utilities 
required for an alumina-cement plant; 

c) list of main technological and supporting equipment; 

d) information on engineering and construction works· and 
their cost; 

e) estimation of investment cost on the basis of equipment, 
engineering and construction costs. 

All the informations and elaborations will be prepared in English, 
first in a draft form and then (after its acceptance by the 

· counterpart) as a final report, in a form and structure which 
would be agreed directly with the counterpart to enable him to 
incorporate into their feasibility -study-report. Specific consi
deration will be given to fit into the requirements and pre-con
ditions valid in the international practice of making investment 
decisions by companies and institutions. 

The expected duration of the work is four months, starting from the 
date of award of the contract. 

The team of specialized experts and consultants, mobilized by 
KERAprogress lntersilicate Engineering Off ice to undertake the 
work is the following: 

1. Endre T. Balazs, aluminium metallurgist, ex-head and senior 
interregidnal adviser of the Metallurgical Industries 
Branch of UNIOO - team leader 

2. Ferenc Pusk~s. chemical engineer, specialist in ceramics and 
refractory materials 

3. L~szl6 Gergely, industrial economist, specialist in project 
•· evaluation 

4. Attila Racz, process engineer, ipecialist in production of alumina
cement 
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5. Laszl6 Szabolcs, plant desigr.:r, specialist in alumina plant 
equipment 

6. Walter Harrach, specialist in industrial plant management and 
material testing of products of fused alumina products. 

l. Sirt'.tlt1.t1i· 1?,c:: t'-'.c:...k .. ~,~{ ~t .~.~~ .:,~~:,c.l~~~ 
The personal history statements 3f ~the team memebers prepared on 
UNIOO forms are attached. 

The implementation of the project, as described in the above, will 
be undertaken by KERAprogress In:ersilicate Engineering Off ice 
according to the UNIOO scheme of Reimbursable Loans; for a total 
contractual fee of USO 48.000. 

Payment conditions: 

- 50 \ or USO 24.000 upon the conclusion ~f the contract; 

- 30 % or USO 14.400 upo~ the sumbission of draft final 
report; 

- 20 \ or USO 9.600 upon the acceptance of the final report 
by UNIOO. 

We are looking forward to your early positive decision to enable us 
tc start implementation as soon as possible. 

/;l (\ I 

'2 .J. 'J,~.. / t, '1 l 

Yours sincerely, 

._____-,_J ~~· Q~ 
. Puskas 

Managing Director 
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Ordaz. V~nt:r:u,..~<:t :..>t'~twr-•"'n m.->-n,J1·,- • .:: U111::• 
representat]ves ·~f Corpora~ i•)1: c;rup.") 

• :oi;:-»1: t;•nt 
)tarquez 

ATTACIUW'IT 3 

in ?uerto 
: t'am ..,nd 

Ra:-ry on 
ia.,lementat.lOl! ~f ~:-;c- llnh~,-, pn~jf·;-; vCtVF:'!:'-)ll:~·~ "?n~-inv~st~nt 
advis-ing sen,ica'-s f1-;r proc,:..os~i:1e .}•-,-1- :~i11min;,, into refractory 

:::,::~~m,,~··. 
Mr. Pedr Marq z BaJr~ 
Pres id B.':u-ry Gro· ;;_:. 

anche:-:- P.t.·. :,-,, n; :··~· ·• ,!. 
ra•::tarjos Vt-!nezolanos. s .. A. 

Mi9Gerald Wi ~ l iams. Manager of • 
CE-Minerales de Venezu~ia.S.A. 

. 

r. r/Ut 
~·- E-T- Balazs 

Team 
:Ja.,--;.i~r. 

:1:-/-;.-_ ~a .!:, 
1:.:t nsu ! ~ ::-1:11 • 

con~f:"nt of repc.: :-t. n:· :..:n: ... · ·:-. '•"'"l:t •jf cor;su; tant::; on 
. VN/VEN/9111€;9 -.d~ .-::isGusst-r:: a;;o; -,g1 ~ ... c :1 .:;,;.~ . .1; i:; -· ze~ taole 
of contents a: !.:acht-•r::. ~~o tr.--tn~L.·!· c;f . ...::.:ow-i"'IG""' i=:; •?nvi.sag~ in 
.. ;,is initial s~~i<? t)i •::ooper-~! ;.;:-•. 
The at tenaat i ve •)f per: O(! ~•::<'I· ~n :.-.. ,,_: t ! Oil llf Ca;..:: i.um 
Aluminate Ce:Illl?r.t in the f:arn:.:: 0:.:· :·>i. , ... ~:-; cor:: irmi.·d. 

The procuc~ ion 
Venezolanos.S.A. 
and observed. 

fac: ! it:.~~: ;-:n.: (;pt-: i:-. tor. •Jf Refrn•::tarios 
ar:.;; <:E-W! :v~r~ i t-•s (;,_. · ene;::ue la were visited 

Subjects of possible further cocpe;.-at:u:l were discussed-

4. Written mater~a~s ~o.•rP submi.tto:-~ t:: ~;-·~ ''>"n~l':ue!an count.erpart 
_ ~ fol lows= 

Mull ite production of low temperature using a new energy -
saving technology. 
Sintered aiuminium ·· o:d.it- pn1.-:1.:.·!--' ;n;;,n:Jf ~cturing at low 
tempP.rf'lturP 
Offer for 
IMnufacturing 
technology. 

~n a I 11mi n ~ :.::;, 
S\1"'1; ! pl Uri!, 

·>· rc:1mic 
: .,J ._.,-: t 1 on 

prooucts' 
- roouloed 

.. ,.~--·· ... . . ~ .. 
~~-: 

.-~ 

-~~'-~., 
' . 
'! -

.':/.. 

·-~1:-'{j .. ·., 
• .:. ~-~ ,.r 

•.· . . .... . · . -~ 

.··1·='-~_ 
·. . 
.;.. 

;a_ 
·• _.;;.; 

I 
-~.-

~
f~f •• ·1f: 



Con~ r>t"'.'::; 

of consultants' team R~port v"' · :ni•:-.•: ;-.r.:. i ect UC:/VEN/911189. 

Calcium- alumincite r1:-ments - .:--.,,.mi=atry, grades fields of 
app l ica t i.on. : :~1'"!1 ::.:; : :-- i ::\; . " .. : n !'(: '•-.-: t bal-:"-.g round in 
Venezuela. 

Quality requirements and s(:J""·~t}on of main raw materials 
Clime, atuminas, era;:>hi te e: ~c' n.C~s). 

Elabor:"!t ion on prox:ess techr:c: ~q~y to !:>e selected, material 
balani;~. mat<2ri a: a:lf·: en1""q;:: .-:.·i:L·mmpt ton, con.-:~ptual 
flow- s!"leet. 

Elaboration on plant desien ~!~ ~quipment, 
technological am :.mpporting (:•~i:ipmen!". 

list of main 

Product quality ='\~suranct? -:0:1"~ ··:ont ro l (properties to be 
contro it-_•1:!, methoc:s .t:i..i ~11 i p.."'l:·:·,· J. 

~nvestment r:ost .-.st i:nat·~ ~er · .. 1.:;" ...- :,..:!.<:t; plant unit and for 
al ternati·,,.e ut:: t~':?.t ~on of :·!a:~.":::'~ 1u~i ~. of !.arger capacity. 

Conclusions and recommendation::=. 

Annex: Resuit:3 o:· ;a:x.r:.Jr;:·: l<':'-'~ 'ng •Jf Venezue~i.jn ::-aw 
materials. 

5/f>5/92. 

: . 

·""'' 

· ..... •;.:-· 

';-~f. 
~-. 

~ .. 

.. _.·; 
.• 



General characteristics 
Secar 80 is a hydraulic cement wit.'l an 

alumina content of approximately 80%. 

The principal components of Seccr 80 
are caldwn aluminates which make it an 
ideal binder for retradory applications. 

The specific properties ot Seem 80 give 
high pel1onnance concretes the following 
aoperttes: 
9gh retradoriness. 
• excellent mechanical pelfonnance. 

The very high p 1tjty level of Sea::r 80 
makes it particularly suitable for certcin re
fractory applications eg. low levels of silica 
and iron oxides are vital where hydrogen or 
carbon monoxide are present. 

Sec:ar 80maybecombined with numerous 
high alumina or aluminosilicate aggregales 
to make a wide range of refractory roncretes. 

Its rheological properties allow good 
workability even when very small quanlities 
of mixing water are used 

Secar 80 is nonnclly supplied in sacks 
which incorpo~e a protective fihn. Howevet 

• 
cement fnu!;( be stored in dry conCitions. 
ferably off the ground. 

When correctly stored. the shelf t!e of 
Secar 80 is at least 6 months. In most CCL'eS. its 
properties are retained for over a year 

ATTACHMENT 4 

SECAR80 
REFRACTORY APPLICATIONS 

Typical properties 

OJ 
Chemical analysis 

• Main constituents (CJ.) 

~ CaO 

=~ 79.slm 17~19.5\ 

\bluen:mge >791 <20\ 

• Minor constituents (CJ.) 

T.O, SiOJ ~ Mg() U)+NaJ() 

. 0.11. . 0.41. <0.25T. ·.~ <Q7'1. 

[I) 
Mineralogical composition 
C=CaQ A=~J 

• Principal minerological phases 
CA Monocx:dcium alwnioote 
~ Caldwn bialwninate 
A Aluminate 

•Secondary phase 
C12A1. · · · 

0 
Physical properties 

so, 

<Or. 

• Pyrometric cone equivalent (on neat 
cement paste): approx l 7fJJOC 

•Bulk density: approx 0.7 g/anl 
• Spedfic gravity: approx 3.2 
•Fineness: specific SUJ1ace area (Blaine): 

10000cm2/g (indicative value). 
• Residue at 90 microns: <5,. maximum 

value limit 

It is not pos.sible to give value ranges for 
fineness because of the wide dispersion of 
results obtained at high Blaine value. 

I! LAFARGE 
FON DU 

_INTERNATIONAL 



On modified AfNOR (Pl5401) standard 
mortars: 

0Mortar1/2.7 cement aggregate ratk, 

O Water/cement ratio = 0.36 

0 SiliceousAfNOR sand Pl5403 = l350g 

0 Secar 80 = 500g 

0 Water= 180g 

•Setting time measured at 2QOC byVICAT 
needle ( acc.AFNOR Pl5431). 

bilial set Final sel 

Oh45· lhC» lhl>·2b3> 

•Workability at 20°C 

The rheological properties of Secor 80 
are of plimmy importance when consider
ing its use in classic refractory mortars and 
roncretes. · 

From the numerous methods used to eval
uate the suitability for use in concrete (slwnp 
test. flow values. etc.) the ftowtesl (ASTM Cl30 
and C860standan:ls)hasbeenchosen to eval
uate the workabu:r Of Seem 80. 

Aln order to assess the possible effect to 
~ory aggregates on the hydraulic pro
perties of Secor 80. now tests are carried out 
using the standald mortar defined in AFNOR 
Pl5401 (as used for measwing setting time). 

~ce siireod ~ Z>stlodcs 

Mol1ai' aller J) milUescC ft!SI 
ina lrunaJled a>ne mould: (I) ·J>\ 

(i)diamelercCoone: KDnvn. 

Mechanical strength at 20°c 
Wt relative humidity. 

~sllalgll(Mpa) 

lqe 6hcus 24balls 

1ftiical avemge1lalues 5.15 71-:rl 

tileiange . >25 

Note: The value ranges shown in the tables 
aredetenninedaccordingtononnalsampling 
procedUleS given in IB03951 with an accept
able quality level. defined by this standard. 
fixed at 2.51,. 

·•tw~·_,:~ • • l"\&~\:lr, . &.VAllG& lale9....u.ftOIW. ,. · ~NDU . · t~~~Ollllllde= :: , . rv . 9a21HlllllD'_..· ~·.t.,; 
I ~:CIJCJ.--.-..:.-.. 
1 . , • ... RNATIONAL. -=oa--.u. .. . .. 
. t•I~·~···, • •• .• ·._.,, .,,~·, .. ~· 



CHEMICALS PRODUCT DATA 

·".lco.1 
, ,. •1 .t.lur.11nr.te -

: •• ·-'~lf'nt CA-25 
Ro?gUli< Grade ; -.. 

Product Information 
CA-25 calcium Aluminate Cements 
are high-purity, high-alumina 
refractory bonding agents developed 
by Alcoa for us. in refractories 
designed for service above 3000 F 
Th•Y can be used for refractories 
employing both tabular alumina or 
alumlna-sl/lca aggregate 
COIJJpOMf/ons. Alcoa" CA-25 c.tnents 
have ercellent refractoriness and 
bond strength, even in the 
intermediate (1500 F/to 2000 F) 

• 

iperature range. tabular alumina 
alumina-silica refractories bonded 

with CA-25 cements have a high 
degrH of dimensional stability, 
develop high tired strengths, and 
show an excellent resistance to 
erosion1abrasion and good resi11tance 
to wetting and penetration by molten 
metals. CA·25 Regular Grade Cement 
Is formulated for multipurpose 
versatility with various aggregates and 
emplac.ment techniques. 

i 
j 

Alcoa Industrial Chemicals Di~.:sion 
-----~ CH .. 

CA-25 
Calcium Aluminate Cement 
Regular Grade 

Product Description 
Alc.oa Caioum Alum1nate Cement CA-25 
Regular G·a::ie is a r11gh-pu11ty. 80 
percent a._-~.na "t'(t•au•ically settin~ 
refractor) ':e•T'le"'' ~ is uniquE< 1n its 
design lo• !'laving high strengtn 
throughcw the intermediate and high 
temperat..-e ranges. It has a useful 
service hrr t above 3200 F and above 
3400 F w!-e"' 1:sed With tabular alumina 
CA·25 Re;:.;1a• G~ade is used as a 
binder 1r. casrable ·e:ractones with a 
variety oi aggregates and emplacerr.~nt 
technique! to serve multipurpose 
requireme'lts. CA-25 conforms to the 
empirical molar formula Cat) ·2.5A1p

1
. 

The preoc-•11ant iiydraulic bonding 
ohase is r-::-'loca:c·Jm alurni.iate (CaO 
Al, 0 1) tJ·""c~ ~..f!C(•'lljary phases are 
• 2CaQ 7 .1 0 ?.nc CaO ·2A',0,. Fluxing 
1rnpurit1es are restricted to \"E 'Y low levels 
by using v:.:re alul'llna and lime. Iron ;s 
typically O-"!ly 0.05 percent which 
ensures e•cellent resistance to CO 

Product Benefits 
• Hiqr s:•.::.~q:r. '"·::Jg~ 1nt1.:rmeo1a!e a~o 

high ~ea: •ange;: - above .3200 F 

• Low water requirement for greater 
density. tower porosity, an1 less 
shrinkage of the refracic: / 'llOnolith 

• Cons•sterr V•ca• work1119 t•me (ave•age 
60 r.11'·..::es 1 

• MultipUrpose 11e1sat11ity with a variety of 
aggrega!es ano emplace111ent 
techniques 

Sine. Its introduetion In 195!;, CA·25 
cement ha been 1"e 'l'lllnlltay for 
rtfr1ct9ry users of high·1lumln1 cement. 

March 1990 

Applications 
CA-25 Regular Grade Cement is ideal for 
:-:arntenance and multipurpose uses that 
~ay requ11e a variety of emplacement 
::cnmques Applications include 
r;:.fractories m the metal-producing. 
eoectric utility. petrochemical. and cement 
·"dustries. 

Typical Properties of 
Alcoa CA-25 Cement 

Chemlcaf Analysis 
Avg. 
% 

Al20 3 by difference ... . 81 
cao .............. . 
Si()~ .............. . 
Fe/:J1 ... . 

~o 

17 
0.7 
0.05 
1.0 

Physical Characteristics 
Minus 325 Mesh. Wet,%. . . 88 
Loose Buk Density. lblft3 .. 56 
P.C.E1' 1 •.•..•••....•••• 34 

Neat Test: 

·:T Near• · Min. _ 60.2 
XOT-H Neat· Hrs. 11.3 
:cs-c Neat (psi) .. .... 4258 

(MPa) .. _ .... 29.36 

Caltab 15 castable: 

Casting water · % 9.5 
Working time • min ...... 58.9 

Transverse Strength: 

Std. 
Dev. 

0.69 
0.22 
0.01 
0.20 

2td. 
Dev. 
1.9 

Std. 
Dev. 
8.95 
2.51 
752 
5.19 

7.1 

Cured: 6h@90"F (psi) ... 428 · 129 
(Mr'a) ... 2.95 .88 

Cured: 24h@ 230'F (psi) .. 703 60 
(MPa). __ 4.85 .41 

=,red 5h@ 1500-F (psi) .. 1140 170 

(MPa) ... 7.86 1.17 

Pyrome1roc Cone EQuivatenl ASTM C2•·8' 
rne VT 1es1 wots devl!Ol*I by Alcoa lllCI nas DMn 
.ntrodueecl as a measurtm1111 tor tne Hlling 
Characienac: of CA·25 c.m.nt. VT lddld Clue IO 
·mprov.o lftl preoSion of VT method over C... 
15 WT ltsl metllOd 

m 
AICOA 



Composition of standard tabul9r 
•lumln11 c.stable (15% cement) 

Tabular alumlf'la T-64. 
4-10 mesh 

Weight 

22.0 

•8 -

3'.5 

15.0 

Preparation of Test Specimens 
In order IO prepate a working tme specimeu 
Md four 1 x 1 x 7-inch specimens for the 
S1renglh determination. a dry batch weigt'C of,· 
1800 grams is required. The weighed. dry ''.'.'+-', 
ingredients (70-80"F) ate placed in 8 non- z ,-J.· 
PCll\IUS (metal or c:eranic)rixing bowl and~·. 
thoroughly dfy-mixed Distilled waterf70-80 Fl 
IS .clded IO the batctl anril lhe entire rnass cart 
be lormed inlo a baU The use t:J IOO muc,tl O• 
IOO 1i111e water will result in a COl1Sistency other 
..... normal bal·in-hand COl1Sistency 
(AS19t 860-83). Usually 810 11 peroeit 

- is required IO attain lhis c:ritical end-point 
will Callab 15 castab1e &Mia CA-25. CA-25C. 
CA-25GG or CA-14. 

After l"llixmg accordinq !O ASTM c 862 81 a 
pOrlion of the batcto •S ::i:a.::ec .,. •"le .. ;ire 
rubber Vicat mold tt1 me mariner ore~t.er. .n 

the Vicat setting time lest :ASTM C 191 ·l'.i· 
After placing lhe molaed specimen on a piastre 
base plate and subseauentty striking off lhe 

plastic cover plate IS~~ iOP ;; . ...; ~ 
to reduce evaporation losses trom '" , .: 
SP8Cimen dunng the test 

The remainder ot the batch is cast in .>bar 
molds using a spatula or trowel acco ding to 
ASTM c 862-83. After striking oft tht surface. 
the bars are placed in a curing chanbr 
controled to 90 F ! t F and 90 perr.f'" t relative 
humidity ±5 percent and held lor ' ' t ~ 
0.5 hour. It is nec6ssary to record t.1 time 
water was first added to the 1T11stu•c . he 
volume ol water used to Oblain lhe > •-in· 
hand consistency and lhe temperatJ<~ of lhe 
water and dry ingredients. 

Working Time Detenninatio:a 
The test used tor delenMWIS cemer, setting 
time (lime available for rniaong. ~ 'll!fll. and 
working the castablt' withe:.! 'll~• c 
sigrnfican: defects> 1s an adaploorl ci· -.e Vicat 
needle senrng trme n~method (ASTlt C 191 ). 
The cement sample is mixect with 30 percent 
water and molded under CX>lllrOllect CJ11ditions 
for the VT Neat test. After the specin'en has 
been molded. the diStance the v~ --eede is 
supportecl above a datum (plastic ~ e plate) 
rs determined at approinmalely five-r .inute 
intervals. Botti the lime elapsed sincA water 
was first added to lhe castable and me needle 
height at that Mie are recoidecl. As 1::'41g as 
~ needle completely penetrates lt.l casting. 
II IS necessary to make just one plunge lor 
each reading. 

~ !t!9 ~ed!c :s zu;;po.-:~ "' it.c ~ 
four readings (one a1 eactr of the cor 1lilSS 
points! 11re 1ake11 arid averaged Readings are 
cont•riued unt•l lh~ "ffdle '5 suppc.rt o more 
than 30 111rl!;me1er!' aoove the da!Jm Cua· 
sionally. lhe needle i1r·t1 51r-11e;; iar1.~ grog 
partrcle and llie•eby proouce an un t uonable 
reading. SuCh readings cJre re,ecte- · n:f 

.. --."!"!·-=r-=-=:=..=;;:::==-w--::: ~-~:-·· 

po-.)n. The ,tlrn!!!**f tor ....... to be~' .. 
supportld30 n..--..ebov9 ~is 
detetn*'8d bf llllllpalliJl• Ind lepodld es 
the wortling lime- The ........ C8llng 
water and "8 lemp.,.... oUhe -and 
dly castable should ... be r8pQftld ~ 
with woflci1g time. n. percerUge aisling 
water and lie~ of th9.-and 
dry castable should - , be reported .iong 
with WOl1Urlg time. 

Flexural Strength Determination 
Alter the lour 1 x 1 x 7-tnch test bars .. cured 
24 hourS :l0.5 hour• IO'F Ind 90 ...... 
relative humlclty. the ...... load Is ..... 
mined on a five-incll IPll'I using a rnec:Mricll 
teS1ing machine having a cross-head speed o1 
0.05 inch per minule. The breadlh and depth 
of the bars are measured by caipers in 
centimetefs 10 the nearest 0.01 cetlime\ef. 
Modulus of rupture is then calculated flom the 
general tonnula: 

. 3WL" 
M.A. (psi) K 2txf 

When the span (L) is - inches, the general 
expression reduees 10 l'8 following~ 
formula: : 

1Z2!1N M.R.·.......,-

Four inlhidual mocUus ol ~values are 
calclllated and averlQlld. The aVMge 
mocfulus.d-n.!p!Urtt.,.. and the bw~ 
range ol nividual Vlll.s .. repollild along 
with ;>ercentage c:asling water and leqlera
ture of the casting water and dry c:aslable. 

·w = rupture load (pounds) 
b = breadth (cm) 
d K depttl (cm) 

Effect of Some Additives on Properties :»f CA-25 Cement 
Proper!i!s In C8IUb 15 c..bW'' • % o1 Conbol Vmlft 

No additiw!s 
~ 

2.0 
4.0 
f.5 
b.5 

Regrdefs 
1.2 
3.5 
0.1 
02 
0.25 
1.0 
0.25 
1.0 

WO'kablltty Improvement 
0.063 
o.·2s 

Air Entr81nment 

casting 
Water 

100 '10"1.) 

104 
106 
101 
113 

98 
95 

102 
101 
103 
109 
99 
97 

100 
100 

0.02 80 
O.CM 78 

100 {\;. min.) 

50 
34 
2~ 

.d? 

129 
171 
143 
251 
132 
155 
230 
118 

105 
10~. 

7t 
87 

1 • 15% (wgt ) CA-25. 85% T ~- minus 114 inch 3 • S•ka Chem Corp . p , ;oic, NJ 

T ... ,,.,,.,.. Strength 
CUl9d 24 hrs. fired 5 ... 
81 IO"F .. 15CIO'F 

100 (700 psi) 100 (1400 psi) 

94 84 
85 71 

n 26 

93 102 
80 85 
94 85 
46 84 
94 90 
85 74 
86 97 
79 93 

94 94 
97 87 

92 t09 
85 104 

r---2-·_Ce_m_en_i_wg.;.t_. baSi5 __ . ________ _:•.....:..N::ow~m_:a:..::"'.::et::ect:.a::s:_::Car; ')ft E-90 by PrlOt Chemcal Co .• Lodlland, OH 
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