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PURCHASE OF RAW MATERIAL

General-Facts

In contrary to other ceramic productions the raw mate
rials for refractories are much more expensive, normal
ly the costs for refractory raw materials are about 
50 % of the whole turnover. Therefore it is very impor
tant to contol and to test these materials because a 
great amount of money could be lost by a purchase of 
worng or too expensive raw materials.

Before doing payment the chemical analyses of the dif
ferent bulks of raw material must be controlled and 
compared.

In the annex 1 there are summed up some of the most 
important analyses for refractory raw materials as 
for instance

Magnesite
Mullite
SiC
Corundum
SDecialities

In annex 1 we also have named some well known com
panies which deliver those raw materials. Most of 
those companies are able to deliver an amount of 20 
tons by containers.

Probably it ./ouId be wise if Sri Lanka Refactories 
writes letters to some of those companies asking 
for test samples as well as for the data of 
qualities and of prices.



Procedure Of Buying Raw Materials

Normally the quality of the raw material has to be dis
cussed by the partners.

A small amount of about 10 kg of test material should 
be delivered by the dealer to Lanka Refractories. Some 
tests have to be done with these raw materials in the 
laboratory in Meepe and in the Cential Laboratory. The 
results of these tests are the base for the contract 
with the dealer.

After finishing these tests successfully a small con
tainer of about 20 tons of the material should be 
bought in order to manufacture refractory stones in a 
semi-technical test.

A long term contract could be signed if these test 
series conform to requirements of Lanka Refracto
ries. The procedure of testing the raw materials 
has to be fixed in the contract.
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DEVELOPMENT OF THE MARKETING STRATEGY

2.1 Planning Of The Budget

For Lanka Refractories Ltd. which has a turnover of 
more than 12 mio. S.L.Rp per year it is absolutely 
necessary to have some planning figures which are the 
base for developping the budget.

One of the most important figures to develop this 
budget is to know the data about the qualities and 
quantities of refractory materials used in the dif
ferent industries and companies in Sri Lanka.

At the same time it is nessecary to be informed 
about the developping plans of those industries.

By discussion I got the information that Sri Lanka has 
an import of about 47 mio. S.L.Rp for refractory mate
rials without kiln furniture because these products do 
not range under refactories. These data are not sure 
because we could not prove them in the statistics of 
the Government. This proving has to be done by Lanka 
Refactories.

As we have mentioned already Lanka Refractories Ltd. 
has a turnover of about 12 mio. S.L.Rp per year and has 
about 300 working people. The turnover per man is about 
40.000 Rupies.

These data show that the personnel costs are very 
high in comparison to the turnover. To work 
profitable it is absolutely nessecary that the 
Lanka Refractories will increase the turnover.
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Regarding the production possibilities of the factory 
there is nearly no problem to double the production 
with the personnel ( 300 men) and the staff of today.

In this case a turnover of 24 mio. S.L.Rp per year 
could be achieved. In comparison to the mentioned im
port we believe that it must be possible to reach this 
guessed turnover.

A turnover of 24 mio.S.L.Rp means that about 2,600 t/y 
have to be produced which is about 50 % of the figures 
which has been planned. Some figures speak of a possi
ble production of 8,000 t/y what seems to be too high.

2.2 Analysis Of The Products

In table 1 we have compared the productions of the dif
ferent qualities with their sales value and the prices 
per ton.

The detailed calculations are done in table 2, 'Produc
tion 1983’, they base on the established list of Lanka 
Refractories of September 1984 concering the customers 
of 1983, (See annex 2, 3).

Normally to receive a complete survey those data have 
to be assembled at least for three to four years. Du
ring my stay in Sri Lanka it was only possible to col
lect the data of 1983. But I have asked the General 
Manager to install also those of 1982 and 1984.
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Regarding table 1 it shows that the biggest sales 
value of about 38 % was achieved by magnesite and 
magnesite chrome stones. On the other hand the 
quantity in tons for those stones is only 27 % of 
the whole production.

The medium alumina bricks and fire clay follow with 
33 % of sales value and 40 % in quantity of tons.

At the third place range high alumina bricks and 
fire clay with 25 % of sales value and 27 % of 
production.

Regarding the prices per ton it seems to be nesse- 
cary to control the price system again. For in
stance the prices of high alumina bricks are lower 
than those of medium alumina bricks. The insulating 
alumina bricks are cheeper per ton than the low 
alumina bricks.

This price scale shows that in comparison to the 
international price level the prices per ton of 
Lanka refractories have to be recalculated.
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Quality

1
1 Tons - n -

1 Sales Value
T
1 Price 1

1
1

1983 1
1

1983 1
1

p. ton

MT %

High Alumina 
Bricks + Fire 
Clay

353.5 27 1
1
1
1
1

2'973'482 125 1
1
1I

6*109

Medium Alumina 
Bricks

405.7 32 1
1

3'524'342 29 |
1I

8'463

Medium Alumina 
Fire Clay

107.0 8 1
1
1
1

467'843 14 |
1|

4'374

Low Alumina 53.4 4 1 357*603 i
3 1 6'962

Low Alumina 
Insulating

21.9 2 1
1
1

130'404 1
1 1 

1 
1

5'960

Magnesite 1.5 0 1
1

37'030 1
o I 

1
24'687

Magnesite Misse 138.0 11 11 680'158 1
6 I 

1
4'929

Magnesite 
Chrome Brick

200.4 16 1
1
1

3'855'382 I32 |
1
1

23'781

Zircon 0.1 0 1
1
1

6'207 1
o I 

1
44'336

Total 1'281.5 100 1
1
1
12'032'451 1100 |

1
1

S . L. Rp % S . L . Rp



Dr.-Ins.
BÎEKLER

3 Analysis Of Clients

Regarding the list of Lanka Refractories in annex 3 we 
see that 22 companies are mentioned as clients of which 
three companies made 94.9 % of the turnover and 81.1 % 
of the production in 1983.

These companies are:

Name of the company Tons per year 
%

Sales Value 
%

Ceylon Cement 38.7 43.9
Corporation
Ceylon Steel 33.6 30.8
Corporation
Ceylon Ceramic 8.8 9.4
Corporation

Total 81.1 94.9
= = = = S2SS

This result seems to be dangerous because it shows that 
Lanka Refractories specially depends on two companies. 
If one of those companies decides to stop buying re
fractories Lanka Refractories will have a big loss.



2.4 Selling Efforts

The analysis of customers shows that it is nessecary to 
get more clients and to increase the turnover with each 
of them.

For instance the glass industry has a big need of 
all sorts of refractories but until now it has not 
bought anything from Lanka Refractories.

The Steel Corporation needs more refractories as 
they are going to buy now from Lanka Refractories.

The Ceramic Corporation has bought a lot of kiln 
furniture by different other companies and even has 
produced some of it in one of its own ceramic fac
tories .

It is absolutely nessecary that Lanka Refractories get 
better contact to the clients. Therefore a selling de
partment with a Technical Officer as head of sales di
vision has to be installed.

This expert must have a reasonable understanding of the 
processes and the requirements of the customers. He has 
to visit the big clients at least once a month in order 
to discuss their problems. To do this work sufficiently 
he needs good catalogues concernig quality, sizes and 
shapes inclusive some construction exsamples.

- The Technical Officer has to help to develop the 
marketing strategy of Lanka Refractories.
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2.5 Forecast

We propose to make a real marketing analysis of all 
refractories which are used in Sri Lanka.

To do this prognosis the Technical Officer has to guess 
the development of the different industries, as for in
stance :

steel industry 
glass industry 
ceramic industry 
lime industry 
bricks and tiles industry 
suggar industry 
railway industry 

- and others

He has to find out what sort of products and what qua
lities might be used in the next years. These informa
tions he only get by visiting the companies of the dif
ferent branches.

At the same time, specially the statistics of import 
have to be proved exactly to see what refractory mate
rials have been imported in the last years. But the 
statistics are not sufficient therefore it is nessecary 
to discuss this problem with the wholesalers who import 
the refractories.

Having the results of the statistics and the industries 
these both data have to be compared with the possibili
ties of the production of Lanka Refractories.
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The result of this comparison is the base for the 
developping of a forecast for the factory.

Concerning the forecast it is nessecary to develop 
three different prognoses a:

low level prognosis

medium level prognosis

high level prognosis

These prognoses should include data for all main quali
ties of refractories which could be produced. (It can 
be done in the same manner as we have listed up the 
production of 1983 in annex 2.)

This analysis with a forecast for the next years is 
the base for the planning of the development of 
Lanka Refractories.
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DEVELOPMENT OF THE PRODUCTION

Generally the market has to implement the variaty of 
production. Without having a detailed market analysis 
we make the following prognosis concerning the products 
of Lanka Refractories:

The base of the production should be alumina bricks 
in all wanted shapes with an alumina content from 
23 % to 90 % AlzOa . Those products are produced out 
of:

Kaolin
Clay
Bauxite
Corundum
Tabular alumina
Mullite

Insulating bricks for temperatures of 1,200 and 
1,400 °C out of alumina with a content of 30 % and 
50 % alumina made of clay, kaolin, bauxite, saw
dust, rice ash, the bulk density should be between
0.7 to 1.1 kg/cm3.

All sorts of zircon bricks for the steel industry 
but also for the ceramic industry specially for 
seggars (kiln furniture).

All different sorts of kiln furniture, specially 
out of:

Mulcorite and Mullite
Silicon Carbide for the high burning porcelain 
industry.
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Magnesite and magnesite chrome specially for the 
steel industry and the cement industry.

All sorts of mortars which are needed for binding 
the above mentioned refractory stones have to be 
produced and sold. Mostly these products are very 
profibable.

In the next years, the demand of refractory ca
sting, gunning and ramming masses will increase 
further on therefore it might be worth while to de
velop a production of those refractory materials.

These products could be sold only if the construc
tion and the handling is done by the deliverer.
This selling system strengthens the contact to the 
clients.

It is not possible to develop all those products at the 
same time therefore a scale of value concerning the 
profitibility of the products has to be worked out.

In this case profitibility means low investment in raw 
materials and new machinery but high selling prices in 
growing markets. We believe that these requirements are 
fulfilled by the following products:

High alumina bricks 
Insulating bricks 
Zircon bricks 
Kiln furniture
(specially because those products can be sold 
in the own company.)

Mortars
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4. QUALITY CONTROL 

4.1 Internal Control

For a refractory company the laboratory is one of the 
most important controlling and developping system 
therefore the chief of the laboratory must be directly 
responsable to the General Manager of the factory.

The quality control in Lanka Refractories seems to be 
realy good. Lots of different sorts of data are availa
ble. But these data are not summed up so that it is 
very difficult to get a survey of the quality control. 
We propose to design graphics as it has been started 
already and to scrutinize a statistical quality con
trol .

4.2 Development Of New Qualities

During my stay in Sri Lanka I have taken nearly all raw 
materials and some products of Lanka Refractories to 
the Central Laboratory in Piliyandala to control the 
ceramical and physical data.

At the same time I have brought different sorts of kiln 
furniture of the Ceramic Corporation to the Central La
boratory also to get results of their qualities. These 
materials have been produced by different European and 
Japanese companies.

The described laboratory testing is the base to get in
formations about the qualities of raw materials and
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products which are produced by Lanka Refractories today 
as well as about the data of the qualities of kiln fur
niture which are used in Sri Lanka today.

I propose that Lanka Refractories after finishing such 
base laboratory work officially orders a developping of 
products to the Central Laboratory. These products have 
to fulfil the requirements of the different industries 
concerning qualities.

Probably it would be good if the controlling system for 
the raw materials and for the products will not only be 
done in Meepe but also in the Central Laboratory in Pi- 
liyandala. This way of controlling guarantees a bigger 
security of equal qualities.

In annex 4 there are some proposals how to control 
refractories concerning

Raw materials
Body tests during processing 
Fired items

4.3 Developping Officer

The improvement of quality and the developping of new 
products is one of the main tasks of every refractory 
company. But in chapter 4.2 we proposed to do the deve
lopping in the Central Laboratory because the equipment 
of Lanka Refractories is not sufficient to do this 
work.



In order to get no loss in information and to have a 
good connection between fabrication, market on one site 
and the Central Laboratory on the other site a develop- 
ping officer has to be anounced. This person should be 
a ceramic specialist who knows about the need of the 
market and the developping of products.

4.4 Additional Equipment for Central Laboratory

The Central Laborarory is excellently equipped to solve 
the developping tasks for Lanka Refractories. Only few 
new equipments are nessecary.

For controlling the above mentioned products it 
might be nessecary to install a new under load high 
temperature burning system which could be delivered 
by Bickley or Netzsch. (See annex 5, new equipment)

For the REM microscope it might be necessary to 
have a vacuum deposition system to get clearer re
sults during the working. In annex 5 there are some 
catalogues of Balzers for those systems.
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5. RECOMMENDATIONS FOR FURTHER DEVELOPMENT

The factory has been installed 1980 to 1982 and started 
working in 1982. The plant could produce about 4,000 to 
5,000 t/year with the 300 labourers. Today only 1,300 
t/ year are produced. It is not a question of quantity 
but a question of quality whether the factory will earn 
money.

- In Europe some of the refractory companies produce 
less than 50 % of their capacity but have a good 
profit.

It is only possible to earn money by producing high 
quality products for special markets. To get these in
formations it is nessecary to develop a market research 
for all products and qualities.

After knowing the market the fabrication has to be 
tuned to this demand. That means:

New products have to be developped

The qualities have to be increased

The production and storing capacities 
have to be fixed

A short and a long term budget 
have to be installed
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To sell these refractory products realy good contacts 
to the customers have to be established. That means the 
selling officer has to be able to give advice in

Refractory questions

Construction problems

Slagging problems

Quality problems

Handling system

Heat transfer questions

Insulating problems

This service also will help that the clients get con
fidence in the products and the reliability of the 
refractory company.

We believe that it is not worth while to produce 
very high sophisticated products as direct bonded 
magnesite stones because those products have no 
market chances in Sri Lanka.

Sri Lanka industries need refractory stones of good 
qualities. By help of a functional quality control 
these products can be produced without great in
vestment costs at Lanka Refractories in Meepe.
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We propose after having finished the market 
research to build up an investment plan including

Raw materials

Machinery

Laboratory

Processing

Building

Maintenance

Logistic

Personnel costs

The most nessecary investment in Meepe factory is 
to install a dust extracting plant because contami
nations of dust can negatively influence the batch 
during processing. Additionally a good dedusting 
system helps to have clean and comfortable working 
places as well as to save the health ness of the 
working people.
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Analysis of Refractory Raw Materials

Addresses of Deliverers of Refractory Raw Materials



CONTROL ANALYSIS

DIDIER :

Magnesite Sinter out of Spain

Called :____ Dlmag F

Si0î 1 %

CaO < 3 %

AI2 O3 0.05

Fe2 O3 <1 5 %

MgO >  90 %

Quality F 

Quality F D

Bulk Density 

Bulk Density

kg/cm3
3.15-3.20

3.3



Technical
Documentation

C A R 5 IL O N

Chemical Composition of 
Silicon Carbide middle rjrit Mixtures 

for Refractory Products

CARS!LOW 1 CARSI ION II
% %

SiC 98.2 min. 96.0 min.
free C o

•
o max. 1.2 max.

free Si02 0.4 max. 1.2 max.
a i 2o 3 0.5 max. 1.2 max.

Fe2°3 0.3 max. 0.6 max.
Si 0.6 max. 0.8 max.

Basle, October 1978 
CISC-SiC



Technical 
data sheet

LONZA-W crke GmbH

D-7890 Waldshut-Ticngcn I 
Tel. (07751) 820 
Telex 792 244

Fused Aluminium Oxide ABRASIF
for Super Refractories

Description

ABRASIT is a tough, regular Aluminium Oxide 
with a fine crystalline structure. It is produced in 
an electric arc furnace by melting high quality 
bauxites under reducing conditions in a tapping 
furnace. This process, which was developed by 
LONZA many years ago, allows a controlled rate 
of cooling of the melt. The resulfis an extremly 
low ferruginous homogenous product with 
excellent properties. The full range of gradings 
can be supplied and, with our modem methods of 
continuous control, a high quality product is 
guaranteed.

Applications

For Super Refractories where high mechanical 
strengths, chemical inertness and high thermal 
conductivity is required, i.e.

-  refractory bricks in various shapes and dimen
sions

-  ramming mixes, castables and mouldables, 
with ceramic, chemical or hydraulic bond

-  to improve the A120 3 content and wear-resi
stance of other refractory materials, e.g. 
fire-clay

Chemical Properties

Typical Chemical Analysis Chemical Stability

A IA  95.0% -  96.5% 
Ti02 2.5% -  3.5% 
SiOj 0.4% -  0.8%
F e A  ~0.1%
CaO -0.05%
MgO -0 .2%
Fe soluble —0.05%
Others -0 .1%

ABRASIT is resistant against most chemicals, 
slags, molten metals and furnace-gases, also at 
high temperatures.



Physical Properties

Colour Original *  grey-brown 
Colour after
firing = blue at temperatures of approx. 1300 -  1400°C, 

in oxidising atmosphere depending on grit size, 
gradual whitening at higher temperature

Crystal Structure q-A12Oj, trigonal -  fine crystalline, predominantly 
300 -  1000 pm approx, crystal size

Specific Gravity 3.94 -  3.98 g/cm3

Hardness ~  21000 N/mm2 (HV100) or 9.5 (extended Mohs scale)

Toughness (Typical Values) 
-  Battelle-method -  
(ball mill test)

Ideal Grit Ig. z’ 
14 (1.4 -  1.7 mm approx.) 3.04 
25 (0.7 -  0.8 mm approx.) '  2.70 
35 (0.5 -  0.6 mm approx.) 2.63

Porosity (Pycnometer method) 1 -  2% (measured at grit sizes of 3 -  6 mm)

Grain Shape Polyhedric, sharp-edged, compact

Melting Point >  1900°C A SC 40/41
Linear Thermal Expansion 0.8% between 20° -  1400°C approx., resp. — 8 x 10‘6/°C
Thermal Conductivity — 20 W/m K at room temperature 

~  14 W/m K at 100°C 
~  3 W /m K a tll0 0 °C

Example in Application

To demonstrate the properties of this material, a 
trial mixture using a blend of different grain sizes 
of ABRASIT was manufactured with a 10% addi
tion of clay as a bonding agent. The mixture was 
then dry pressed into the shape of bricks.

Formula for the trial bricks

25% ABRASIT 2 - 4  mm
15% ABRASIT 1 - 2  mm
25% ABRASIT 0 -  0.5 mm
25% ABRASIT 0 -  0.06 mm

10% bonding clay E -  O (with 38,3% A12Oj and 
<  0.2% alkali).

Concentrated sulphite solution was used as a
temporary binder.

The mix was pressed on a normal hydraulic press. 
After drying, the bricks were fired in a chamber 
furnace at 1680°C.

Chemical Analysis of the fired product

A120 j 90.54%
Si02 5.92%
Ti02 3.02%
Fe20 3 0.25%
CaO 0.05%
MgO 0.20%
Alkali 0.02%



The bricks had the following physical values:

Green-density 3.13 g/cm3

True-densi.y 3.82 g/cm3

Water Absorption 5.2%

Apparent Porosity 16.5%

Total Porosity 18.4%

Cold Crushing Strength (DIN 51067) 229.3 N/mm2

Cold Bending Strength (DIN 51048, Part 2) 14.5 N/mm2

Refractoriness under Load (DIN 51064) L, 1720°C

Hot Bending Strength (DIN 51048, Part 1) 5.3 N/mm2

Thermal Shock Resistance (DIN 51068, Part 1) 
(water quenching process)

22 cycles

Creep in Compression according DIN 51053, Part 2

Trial 1 : Em„. 0.78% T,0 -  0.71% T20 -  1.10% (EfflM. -  maximum expansion at 1500°C)
Trial 2: Em,,. 0.80% T,0 -  0.73% T20 -  1.12% (Tl0, TM -  diminution of expansion after 10 h resp. 20 h)



Standard-Sizes (others by special agreement)

mm (¡rain m/c distribution*) Bulk-density 
tolerances**) 
kg/1000 cm’

3 - 6 %-R. 5 - 1 5 7 0 - 8 5 0 - 1 5
1 .9 5 -2 .0 5

Sieve-No. 5 m m 7
(2,830 m m )

through

1 - 3 %-R. 0 - 5 3 0 - 4 5 5 0 - 6 5 0 - 1 0
1 .9 5 -2 .0 5

Sieve-No. 7
(2,830 m m )

10
(2,000 m m )

18
(1,000 m m )

through

0 , 5 - 1 %-R. 0 - 5 8 5 - 9 5 0 - 1 0
1.85 - 1 .9 5

Sieve-No. 18
(1,000 m m )

35
(0,500 mm)

through

*O1o %-R. 0 - 5 5 0 - 6 0 2 0 - 3 0 1 5 - 2 5
1.85 - 1 .9 5

Sieve-No. 35
(0,500 m m )

70
(0,210 m m )

140
(0,105 m m )

through

2 - 4 %-R. 1 0 - 2 0 65 min. 0 - 1 5 1 .9 5 -2 .0 5
Sieve-No. 6

(3,360 m m )
10
(2,000 m m )

through

1 - 2 %-R. 0 - 5 8 5 - 9 5 0 - 1 0
1 .9 0 -2 .0 0

Sieve-No. 10
(2,000 m m )

18
(1,000 mm)

through

0 - 1 %-R. 0 - 5 3 0 - 4 0 3 0 - 4 0 1 5 - 2 5 5 - 1 5 1 .9 5 -2 .0 5
Sieve-No. 18

(1,000 m m )
35
(0,500 m m )

70
(0,210 m m )

140
(0,105 m m )

through

0 - 0 , 1 %-R. 0 - 5 4 0 - 5 0 4 5 - 5 5
1 .5 0 -1 .6 0

Sieve-No. 140
(0,105 m m )

230
(0,062 mm)

through

0 - 0 ,0 6 %-R. 0 - 5 2 0 - 3 5 60 min.
1 .5 0 -1 .6 0

Sieve-No. 200
(0,074 m m )

270
(0,053 m m )

through

*) Tested with ASTM-Test Sieves using the ROTAP-Sieving Machine 
**) Tested according to FEPA

This Technical Data Sheet has been compiled to the best of our knowledge and belief. Does not imply any warranty.

500/1129 CWH
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LONZA-Werke Gr^bH

D-7890 Wjldshut-Tienccn 
Tel (07751) 820 
Telex 792 244

Fused Aluminium Oxide ABRAMAX®
for Super Refractories

Description

ABRAM AX is a particularly pure Aluminium 
Oxide. It is produced in an electric arc furnace by 
melting special calcined aluminia of low impuri
ties, using the Higgins „block” method. The 
selection and preparation of the molten „blocks” 
are in accordance with the quality requirements 
of the final products. ABRAMAX is specially 
comminuted to avoid foreign impurities and is 
magnetically treated to remove metallic iron. A 
full range of usual gradings can be offered. With 
our modem methods of continuous control, a 
very high quality product is guaranteed.

Applications

Super Refractories with high mechanical 
strengths at the highest temperatures and chemi
cally inertness where the highest purity is 
required.

-  shaped bricks, ramming mixes, castables and 
mouldables with ceramic, chemical or hydrau
lic bond.

-  kiln furniture for the ceramic industrie

-  wear resistant and abrasion resistant glazes

-  batch component for technical ceramic

-  oxide-ceramic

Chemical Properties

Typical Chemical Analysis Chemical Stability

AijOj
TiOj
Si02
Fe20 3

min. 99.50% 
max. 0.02% 
max. 0.05% 
max. 0.05%

ABRAMAX is resistant to most chemicals, 
slags, molten metals and furnace-gases, also at 
high temperatures.

CaO max. 0.05%
MgO max. 0.01%
Na20 max. 0.30%
Fe soluble max. 0.02%

---  1



Physical Properties

Colour Original = white-transparent

Colour after 
firing = white

Crystal Structure o -A120 3, trigonal, macro crystalline, predominantly 
1000 -  3000 jim approx, crystal size

Spedfic Gravity 3.94 -  3.98 g/ern3

Hardness ~  22000 N/mm2 (HV100) or 9 '/2 (extended Mohs scale)

1 Toughness (Typical Values) 
| -  Battelle-method -  

(ball mill test)

Ideal Grit Lg. z’ 
14 (1.4 -  1.7 mm approx.) 2.72 
25 (0.7 -  0.8 mm approx.) 2.62 
35 (0.5 -  0.6 mm approx.) 2.50

Porosity (Pycnometer method) 3 -5 %  (measured at grit sizes of 3 -  6 mm)

Grain Shape Polyhedric, sharp-edged, compact

Melting Point ~  2000°C approx, a  SC 42

Linear Thermal Expansion 0,8% between 20° -  1400°C approx., resp. — 8 x 10'6/°C
Thermal Conductivity ~  20 W/m K at room temperature 

— 14 W/m K at 100°C 
~  3 W /m K a tll0 0 °C

Spedfic Electric Resistance at 400&C ~  2 • 1013 Ohm • cm 
at 800°C ~ 3  • 10® Ohm cm 
at 1200°C ~  2 • 105 Ohm cm 
at 1500°C ~  1 ■ 104 Ohm • cm

Example in Application

To demonstrate the properties of this material, a 
trial formulation using a blend of different grain 
sizes of ABRAMAX was manufactured with a 
10% addition of clay as a bonding agent. The mix
ture was then dry pressed into the shape of bricks.

Concentrated sulphite solution was used as a 
temporary binder.

The mix was pressed on a normal hydraulic press. 
After drying, the bricks were fired in a chamber 
furnace at 1680° C.

Formula for the trial brides Chemical Analysis of the fired product

25% ABRAMAX 2 - 4 mm a i2o 3 94.18%
15% ABRAMAX 1 - 2 mm SiOj 5.17%
25% ABRAMAX 0 - 0.5 mm Ti02 0.16%
25% ABRAMAX 0 - 0.06> mm Fe20 3 0.14%

CaO 0.05%
10% bonding clay E - O (with 38.3% A120 3 and MgO 0.05%
<0.2%  alkali). Alkali 0.25%



The bricks had the following physical vaines:

Green-density 3.12 g/cm3

True-densitv 3.93 g/cm3

Water Absorption 5.6%

Apparent Porosity 17.6%

Total Porosity 20.6%

Cold Crushing Strength (DIN 51067) 250.5 N/mm2

Cold Bending Strength (DIN 51048, Part 2) 24.0 N/mm2

Refractoriness under Load (DIN 51064) t, 1720°C

Hot Bending Strength (DIN 51048, Part 1) 6.6 N/mm2

Thermal Shock Resistance (DIN 51068, Part 1) 
(water quenching process)

23 cycles

Creep in Compression according to DIN 51053, Part 2

Trial 1: Em„  0.94% T,0 -  0.21 % T20 -  0.31 % (Em,, = maximum expansion at 1500°C)
Trial 2: Em„  0.95% T10-0.19%  T20 -  0.29% (T1(), T20 * diminution of expansion after 10 h resp. 20 h)



Standard-Sizes (others by special agreement)

mm Grain size distribution •)
Bulk-density 
tolerances**) 
kg/1000 cm’

3 - 6 %-R. 5 - 1 5 7 0 - 8 5 0 - 1 5
1 .7 0 -1 .8 0

Sieve-No. 5 m m 7
(2,830 m m )

through

1 - 3 %-R. 0 - 5 3 0 - 4 5 5 0 - 6 5 0 - 1 0
1 .7 0 -1 .8 0

Sieve-No. 7
(2,830 m m )

10
(2,000 m m )

18
(1,000 m m )

through

0 , 5 - 1 %-R. 0 - 5 8 5 - 9 5 0 - 1 0
1 .7 0 - 1 .8 0

Sieve-No. 18
(1,000 m m )

35
(0,500 m m )

through

0 - 0 , 5 %-R. 0 - 5 5 0 - 6 0 2 0 - 3 0 1 5 - 2 5
1.75 - 1 .8 5

Sieve-No. 35
(0,500 mm)

70 .
(0 ,210m m )

140
(0,105 m m )

through

2 - 4 %-R. 1 0 - 2 0 65 min. 0 - 1 5
1 .7 0 -1 .8 0

Sieve-No. 6
(3,360 mm)

10
(2,000 m m )

through

1 - 2 %-R. 0 - 5 8 5 - 9 5 0 - 1 0
1 .7 0 -1 .8 0

Sieve-No. 10
(2,000 mm)

18
(1,000 m m )

through

0 - 1 %-R. 0 - 5 3 0 - 4 0 3 0 - 4 0 1 5 - 2 5 5 - 1 5 1.85 - 1 .9 5
Sieve-No. 18

(1,000 mm)
35
(0,500 m m )

70
(0,210 m m )

140
(0,105 m m )

through

0 - 0 ,1
%-R. 0 - 5 4 0 - 5 0 4 5 - 5 5

1.45 - 1 .5 5
Sieve-No. 140

(0,105 m m )
230
(0,062 m m )

through

0 - 0 ,0 6 %-R. 0 - 5 2 0 - 3 5 60 m in.
1.45 - 1 .5 5

Sieve-No. 200
(0,074 m m )

270
(0,053 m m )

through

*) Tested with ASTM-Test Sieves using the ROTAP-Sieving Machine 
**) Tested according to FEPA

This Technical Data Sheet has been compiled to the best of our knowledge and belief. Does not imply any warranty.

500/1129 GWH



europe
commerce

société à responsabilité limitée

europe commerce ■ luxembourg ■ 10a, rue des roses
téléphone 472431 
télex 1338 eurcom
télégr. eurcomHerrn Dr. BIEHLER 

Spitzackerstr. 90 
CH 4l03 Gottmingen

luxembourg 
10a, rue des roses

votre réf. notre réf. C G S /m s a do,e 18.10.1984

Betr.: Mulcoa und Andalusit für Sri Lanka

Sehr geehrter Herr Dr. Biehler,
wir selbst konnen keines der beiden o.g. Produkten nach Sri Lanka 
exportieren.
Die Franzosen werden wohl kaum Interesse haben, Ihren Andalusit 
dorthin zu verkaufen, da sie mit Auftràgen aus Europa vollig 
ausgebucht sind.
Vir senden Ihnen deshalb anliegend Datenblatter fiir Mulcoa. Falls 
das Material fiir Ihren Kunden von Interesse sein solite, so bitten 
wir Ihn, sich direkt mit dem Produzenten, der Fa

CE Minerals 
King of Prussia

in Verbindung zu setzen.

Mit freundlichen Griissen

Claudy Groos 
Fondé de Pouvoir

Banques: Crédit Industriel d'Alsoce et de Lorraine, Luxembourg 01/242743 
Banque Nationale de Paris (Luxembourg) S. A. 63-114287-10-0301

R. C. Luxembourg B 11813
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FROM C -E  MINERALS

Mulcoa-47 has the lowest alkali content of any super duty clay. With less alkali you get greater hot strength 
and performance. Our process provides consistent quality and chemistry. Mulcoa-47 is used in a variety of 
products such as: castables, plastics, brick, ramming mixes, gunning mixes, mortars and ceramic fibers.

T Y P IC A L C H E M ICA L  A N A L Y S IS

A L 2 0 3 47.80% ; CaO 00.03%

Si0 2 49.30% MgO 00.04%

T i0 2 01.78% NazO 00.04%

Fe2 0 3 00.98% K20 00.03%

T Y P IC A L  P H Y S IC A L  PRO PERT IES
Bulk Density (ASTM C-357) 2.64 G / C C -------------- PCE 3 5 -------------- Typical Mullite Content 62%

MULCOA-47 {R-Grade) T Y P IC A L  G R A IN  S IZ E  D IST R IB U T IO N  U.S.S. Sieves - %  Retained

Grade
3

(6.7mm)
4

(4.75mm)
6

(3.36mm)
•

(2.36mm)
12

f 1.70mm)
20

(850mie)
30

(600 mie)
40

(425mie)
60

(2S0mic)
100

(ISOmic) Pan*
3 0-2 15-25 17-28 10-20 10-20 4-14 10-25

4 T r 0-2 9-21 13-26 10-24 19-31 17-28

8 0 0-3 40-55 10-24 6-16 8-18 6-15

20 T r-5 5-20 10-30 20-40 10-30 5-25

3 x 4 0-3 60-80 10-30 0-6 0-6 0-6

3 x 8 0-2 15-25 20-40 15-31 12-22 2-10 0-5

3 x 20 0-2 1530 17-37 15-30 12-22 2-12 0-5

4 x 8 0-2 2 12 20-40 20-40 17-27 3-13 0-4

4 x 20 0 2 1-9 15-30 15-30 15-30 12-28 2-9 0-4

8 X 20 ; 0 0-6 10-30 35-69 5-20 5-20

••■Pin" designates the percentage of material patting last reportad screen for each tiling.

MULCOA-47 (R-Grade) U.S.S. Sieves -  % Retained

Grade
20 30 

laSOmic) (600mie)
40 60

(42Smie) (300mtc)
60 100 

(2S0mic) (160m ic)
200

(78mle)
329

<4Smte) Pan*

35 Tr Tr-10 10-20 40-60 10-30 5-15

48 Tr 65-66 35-45

100 Tr 36-45 65-65

200 Tr 16-26 76-85

325 Tr 15-35 65-85

•"Pan" designates the percentage of material patting latt reported icreen for each tiling.

b  M  MINERALS
COMBUSTION ENGINEERING. INC.

C-E MINERALS
A  S ubsid iary o f  Combustion Engineering, Inc.
901 East 8th Avenue, King of Prussia, Pa. 19406, U.S.A. 
(215) 265-6880 • TWX: 510-660-2058 • Cable:SAMRAK CEM 62 Rev. 5/82
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FROM C-E  MINERALS

Mulcoa-60 provides the refractory producer with a high purity raw material carefully controlled, mined and 
processed from our Andersonville, Ga. plant. This material is used in refractory castables, plastics, brick, 
ramming mixes, gunning mixes, mortars and other high temperature applications.

T Y P IC A L  CH EM IC A L  A N A L Y S IS

A L 2 0 3 58.00% min. 1 CaO 00.04%

Si0 2 38.30% MgO 00.05%

T i0 2 02.25% N 3 3 0 0 0 .0 2 %

Ре2 0 з 01.31% K 20 00.03%

T Y P ICA L  PH YSICAL PRO PERT IES
Bulk Density (ASTM  C-357) 2.80 G /C C -------------- PCE 3 7 ---------------- Typical Mullite Content 80%

MULCOA-60 (R-Grade) T Y P IC A L  G R A IN  S IZ E  D IST R IB U T IO N  U.S.S. Sieves -  % Retained

•"Pan” designates the percentage of material patting lait reported tcraen for each tiling.E“ ^M IN ERALS
COMBUSTION ENGINEERING. INC.

C-E MINERALS
A  S ubsid iary o f  Combustion Engineering, Inc.
901 East 8th Avenue, King of Prussia, Pa. 19408, U.S.A. 
(215) 265-6880 • TWX: 510-660-2058 • CablerSAMRAK

J .

CEM 60 Rev. 5/82



FROM C -E  MINERALS
Mulcoa-70 is produced from high purity alumina silica raw materials and provides consistent quality and 
chemistry.

T Y P IC A L  C H E M IC A L  A N A L Y S IS

A L 2 O 3 6 8 .0 0 % min.
i
I CaO 00.06%

S i0 2 27.90% ! MgO 00.04%

T i0 2 02.61% 1 N 3 3 0 00.03%

РегОз 01.33%
!
1 K 20 00.03%i

TY P IC A L  P H Y S IC A L  PRO PERT IES
Bulk Density (ASTM  C-357) 2.85 G /C C --------------- PCE 3 9 --------------- Typical Mullite Content 87%

MULCOA-70 (R-Grade) T Y P ICA L  G R A IN  S IZ E  D IST R IB U T IO N  U.S.S. Sieves -  % Retained

!1 Grada 3
(6.7mm)

4
(4.75mm)

6
(3.35mm|

6
(2J6mm)

12
(1.70mm)

20
tesomic)

30
(600 mie)

40
(42Smie)

60
(2S0mie)

100
(ISOmte) Pan*

i 3 0-2 15-25 17-28 10-20 1020 4-14 1025

L _ ^ _ ; T r 0 2 921 13-26 1024 19-31 17-28
; 8 0 0-3 40-55 10-24 6-16 8-18 6-15
' 20 ! Tr-5 5-20 10-30 20-40 10-30 5-25
1 3 x 4 0 3 6 0 8 0 10-30 0-6 0-6 0 6

3 x 8  1 0-2 15-25 20-40 15-31 12-22 2-10 0-5
3 x 2 0L _ _ i 0-2 15-30 17-37 15-30 12-22 2-12 0-5
4 x 8 0 2 2-12 20-40 20-40 17-27 3-13 0-4

4 x 20 0-2 1-9 15-30 15-30 15-30 12-28 2-9 0 4
i 8 x 20 ! 0 0-6 10-30 35-69 6-20 5-20
" ‘Pan" datignatat the parcantage of malarial patting I ait report ad terten for aach tiling.

M ULGRA IN -70 (R-Grade) U.S.S. Sieves — % Retained

MINERALS
COMBUSTION ENGINEERING, INC.

C-E MINERALS
A  S ubsid iary o f Combustion Engineering, Inc,
901 East 8th Avenue, King of Prussia, Pa. 19406, U.S.A. 
(215) 265-6880 » TWX: 510-660-2058 • Cable:SAMRAK CEM 61 Rev. 5/82



Continentale Erz-Gesellschaft m. b. H.
Düsseldorf

Continentale Erz-Geseiischaft m b. H., Posttach 9120.4000 Düsseldorf 1

Herrn
Dr. Biehler 
SpitzackerstraBe 9o
CH-41o3 Bottmingen

thr Zeichen №r* Nachncht vom UneerZectoen Datum

IV/ha den 22-1 o>1984

Betr.: FF-Rohstoffe für Srilanka

Sehr geehrter Herr Dr. Biehler,
wir bezichen uns auf das zwischcn Ihncn und Herrn Wirtz geführte 
Téléphonât. Bitte, finden Sie beiliegend
1. ) einen Katalog der Firma KERAMETAL AG, in dem die wesentlichen

Rohstoffe bzw. Fertigprodukte aus der CSSR aufgeführt sind
2. ) eine Richtanalyse über gebrannten chinesischen Bauxit
Bitte, studieren Sie diese Unterlagen und geben Sie uns kurz auf, 
welche Materialien Sie hieraus speziell bevorzugen würden, damit 
wir dann in weiteren Detailgesprâchen die entsprechenden Mengen, 
Preise, Lieferzeiten, Verpackungsarten, usw. erôrtern kônnen.
Wir hôren gern wieder von Ihnen und verbleiben

HawMnschfift: 
Jen-Wehem-Pieti 3 
4000 Dusseldorf I

T  02 И/130 94-0 (&) 0 502 501 Benken : вНР-Велк, Düsseldorf Landesxemralbsnk Düsseldorf
Drahianechoft: 02 0502400 Kio. Nr. 40 030199 Kto. Nr. 30 000 171
Contrer/ Düsseldorf ®  0 58 2 175 Wesfftlenbenk AQ. Düsseldorf

Kto. Nr. 412-0353

Postecheckkonto: 
FrenfcfurVMsin 399-000

E/füllunçeori
und ûeriehisetand Düsseldorf

ûeschaffsluhrung Dr Oiokareurstfc SiU der Geseiischaft: Düsseldorf Emgelragen im Hsndeisreçisier unter HRB 1370, Reçislergerreht Düsseldorf



Eigenschaftsblatt

China - Bauxlt, 1. Quallt&t

chemische Analyse, typischs
A1203 87,40 %
SÍ02 7,03 tTÍ02 3,62 %Fe203 1,3 %CaO 0,18 «
MgO 0,2 tNa20 0K20 0,14 «
Zr02 0,15*1
P205 0,25 %
GV 0,19 1

Mineralaufbau:
Korund 62,0 «
Muí11t 22,0 «
Tialit vorhanden

Keramische Elgenschaften (Kom 2 - 5 nun);
3,67 
3,15

3,12

Wasseraufnahme % 4,1
offene Porosi- 
tát I 12,6
Gesamtporosi- 14,2
ta t %
(errechnet aus 
a + b)

Gesajnt poros i-
ta t I
- (errechnet aus 
a ♦ c)

a. Dichte g/cnr
b. Rohdichte nach 

Din 51 065 12 
g/cn>
(Hg-Verfahren)-

c. Rohdichte g/cnr 
(über Wasserauf
nahme)

15,0
*
$



T
Chemische und ,i*K ikalische Parameter von basiachen Massen

Bemerkung: /0/ Grundqualitat geolt
Die oben genannten V/erte betrachten Sie als Orientierungs- werte, gelten nicht als garantiert. 71 /  Kornung 
2/ Bindung
3/ Kaltdruckfestigkeita /  nach Austrocknung bei 110°C 

b /  n8ch Ausbrennung bei 1750°C 4/ max, Anwendungstemperatur 
5 /  Raumgewicht nach Austrocknung
J = JelSava LU * Lubenik Ko = KoSice
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TECH N ICA L AD VISO RY SERVICE
A team of experienced Technical Sales 

Representatives is readily available to inform, advise and 
assist customers in deriving the maximum benefit from Ihe 
use of electro-fused abrasive grain.

Universal Abrasives welcomes the opportunity to 
collaborate with customers in projec ts of mutual concern 
and a team of qualified technologists can be called upon to 
provide an unrivalled service.

For further information contact:

A Unicorn Industries Company

Stafford ST16 1EA 
England
Telephone: Stafford (0785; 3281 
Telex: 36198 UNIBRAG

Primed m England Ref. No: UAL/1M/9.80.



CO M PA N Y PROFILE
Universal Abrasives Limited is a member of the 

Electro-Minerals & Media Croup ot Unicom Industries-one 
of the leading organisations in the world for Abrasives 
Technology.

The principal activities of the Company are concerned 
with the manufacture of electro-fused materials which are 
used for many and varied applications throughout industry, 
including grinding wheels, coated abrasives, refractories, 
blasting and polishing media.

Historically, the Abrasives Industry depended largely 
on the use of natural abrasives such as Emery, Carnet and 
Corundum, but such materials imposed limitations. Through 
the application of advanced Fusion Technology, 
electro-tused materials were introduced with consistent 
chem ical and physical properties resulting in the 
introduction of products with improved performance 
characteristics.

Universal Abrasives is now established as a leading 
supplier of synthetic abrasive materials having effectively 
contributed to major advances in Abrasives Technology. A 
progressive Research and Development policy ensures the 
Company maintains this reputation and meets future 
demands for high performance materials. New products are 
continually introduced to satisfy increasing customer 
requirements and new developments are actively sought to 
broaden the range of applications.

P R O D U C T IO N  CAPABILITIES
The principal products manufactured by Universal 

Abrasives are white and brown fused aluminas. Additionally, 
the Company manufactures fused magnesia for electrical 
applications, and fused zirconia which is primarily used in 
the production of speciality refractories.

All products share a common feature in their 
manufacturing cycle, namely the production of high purity, 
synthetic raw materials using Electro-fusion Technology. The 
technical expertise acquired from years of practical operating 
experience is embodied in the design of efficient 
manufacturing units which employ modern processing 
techniques.

W H ITE  FU SED  ALUM IN A
White fused alumina is manufactured from calcined 

alumina, a material of high chemical purity produced by the 
Bayer process. Calcined alumina is purchased to a stringent 

Specification, regular quality control checks of incoming raw 
material being an important feature.

White fused alumina is produced in a Higgins furnace, 
which consists of a water-cooled cylindrical steel shell 
covering a carbon hearth, together with three carbon 
electrodes. Calcined alumina is charged into the furnace, 
tamped and fused by an electric arc. Periodically, more 
calcined alumina is added to the furnace to compensate for 
the volume loss on fusion. An overall cycle time of 19 hours is 
necessary to produce a 10-tonne ingot, with temperatures 
reaching 2 100-2200°C.

The finished ingot is allowed to cool within the 
furnace until it is solidified sufficiently for easy removal from 
the shell. Subsequently, the ingot is removed and aircooled  
under controlled conditions. Rough crushing is first carried 
out, followed by a critical visual inspection to remove 
unwanted beta-alumina and any partially fused material. The 
desired alpha-alumina, characterised by "blocky" crystals 
which render excellent abrasive properties, is then reduced 
by processing through a series of jaw crushers followed by 
crushing in hammer mills. (Certain products, demanded in 
specific applications, are alternatively processed in roll 
crushers and magnetically treated to remove impurities).

Following crushing and grinding, the fused alumina is 
leached by boiling with sulphuric acid to remove impurities 
such as alkalis and iron. The material is then dried and graded 
into standard sizes corresponding to FEPA or other 
specifications, or special customer requirements. Micro 
sizings are obtained by a wet sedimentation process 
(elutriation) followed by drying, whereas macro son*, are 
obtained by dry sieving.

B RO W N  FUSED  ALUM INA
Brown fused alumina is produced by the 

eiectro-fusion of abrasive grade bauxite using similar 
technology for the manufacture of white fused alumina.

The crude brown fused alumina is produced by an 
associate company -  Electro-Furnace Products Limited, Hull, 
w hich is jointly owned by the Norton Company and Unicom  
Industries Limited -  and is delivered by rail to the Stafford site 
of Universal Abrasives Limited where it is further processed 
to the final grain product. Initially, the lumps are crushed in 
hammer mills and then further processed to produce graded 

roducts of the required specifications. A proportion of 
rown fused alumina is sold in calcined form, calcination 

being carried out in a fluidised bed furnace at 1050-1100°C. 
This process improves the toughness of the material for 
certain abrasive applications.

FU SED  M AGN ESIA
Electrical grade fused magnesia is manufactured under 

a technical licensing agreement from the Norton Company, 
U .S.A ., and sold throughout the world.

The raw material consists chiefly of pure, low sulphur, 
caustic-calcined magnesia from Greece and Turkey. Strict 
control of the charge material is exercised to ensure that the 
ultimate chemical composition of the fused product 
consistently complies with the desired specification.

Electro-fusion is carried out in a modified Higgins 
furnace using a single phase system. Following cooling, the 
ingot is roughly crushed and visually inspected to reject 
partially fused material. Subsequently, the fused magnesia is 
further crushed and ground using standard techniques. Prior 
to grading, additives are introduced and the product calcined 
at 1050°C. Fused magnesia is sold to manufacturers of 
heating elements, being used for electrical insulation 
purposes.

FU SED  Z IR C O N IA
Fused zirconia is currently manufactured primarily to 

meet the requirements of the Refractories Industry, and 
expansion plans are being implemented to increase 
production capacity to meet growing demand.

Zirconia is processed in a similar method to fused 
alumina and magnesia, although special techniques have 
been developed to ensure final product quality.

Dependent on the specific application, crystal 
structure is controlled by the addition of stabilising additives, 
such as lime or magnesia. The plant also has the capability to 
produce calcium zirconate which is fused from an equimolar 
mixture of zirconia and lime.

Subsequent processing is achieved by crushing and 
grinding the ingot and grading to the desired sizes.

QUALITY CONTROL
Universal Abrasives operates a stringent system of 

testing and inspection to ensure that finished products 
consistently meet defined specifications. Quality control is 
rigorous and all-embracing from the acceptance testing of 
incoming raw materials, through process control during the 
manufacturing cycle, to the final inspection of finished goods 
prior to despatch.

As an active member of the Federation of European 
Producers of Abrasives (FEPA), all abrasive grain used for the 
manufacture of Grinding Wheels and Coated Abrasive 
products conform to the appropriate FEPA specifications. 
Abrasive grain for grinding wheel production is also 
producedto conform to U.S.A. specifications defined by U.S. 
Standard B. 74.12-1976.

Abrasive grain for Refractories Applications is 
manufactured to British Standards (BS 412 1962), other 
National Standards e.g., DIN 4188, or to customers' own 
precise specifications. In the field of Special Applications 
(principally for Air and Vapour Blasting) where no National 
or International Standards are in existence, abrasive grain is 
manufactured to conform with standards generally found to 
be suitable to the industry.



PRODUCTS & APPLICATIONS

Standard
Product

Product
Name

Analytic Typical Physical 
Properties

Type* Available Principal Application*

W hite Fused 
Alumina

W hite
BauxiKte

99-S%  A IO Specific Gravity :3.94 
Colour : White 
Hardness : 9 (Moh’s Scale)

1700-2000 kg/mm 
(Knoop)

PW : acid washed, blocky gram 
PEN: unwashed, blocky grain 
PREN: roll crushed, sharp gram 
Available in a range of macrogrits and 
micropowders to FEPA Standards and 
other specifications.

Bonded Abrative Product* 
Coated Abrative Product* 
Refractories 
Slatting Media 
Polishing Com pounds 
Lapping Com pound*

Brown Fused 
A lum in i

Brown
la in iiite

95.2»  At .O ' 
3.1»  T O . 
1.1» S O

Specific Gravity : 3.95 
Colour : Brown 
Hardnmt : 9 (M oh 't Scale)

1700-2000 kg/mnr 
(Knoop)

AS: uncalcined, blocky gram 
ASi*: calcined at 1060G . blocky gram 
Available in a range of macrogrits to 
FEPA Standards and other 
specifications.

Bonded Abrasive Products 
Coated Abrasive Products 
Refractories 
Blasting Media

U N I-SS
Abrasive

95.2% A IO . 
3.1% T O . 
1.1% SiO :

Specific Gravity :3.9S 
Colour : Brown 
Hardness : 9 (M ob 's Scale)

1700-2000 kg>mm 
(Knoop)

Brown fused alumina abrasive having a 
low metallic iron content.
Available m 8 standard sites, 
controlled to precise grading 
specifications.

A ir and Vapour Blasting **edia

Reclaimed
Materials

Uniblast 9 0 » A tO Properties available upon request Available in standard sites, controlled 
to precise grading specifications.

A ir and Vapour Blasting Media

Speed blast 85%  A lO >  approx.

Futed Magnetia Magnorite 70 93 .4»  M gO  
3 .7»  S O : 
1.3»  CaO  
1.3» Z rO

Tap Density 2.395 g/cm1 
flow  Time : 192 seconds 
(ASTM Apparatus)
Magnetic Iron : 0.004**
Resistivity 89 Megaohm. cm. 
(at 980 0

First quality electrical grade. Electrical insulation of heating 
elements

Fined Zirconia Pure Fused 
Zirconia

9 9 3 »  ZrO  + H IO Melting Point : 2700 C
Mean Specific Gravity: 5.78
Phase Analysis 100** Monoclinic

Available in a standard range of 
aggregate sizes. Other gradings can be 
supplied to meet individual 
requirements of customers.

Refractories

Electronics

Lime
Stabilised
Zirconia

94.6» Z rO + H IO : 
4.2»  CaO

Melting Point >  2500 C 
Mean Spec ific Gravity: 5.55 
Phase Analysis : 75% Cubic

25% Monoclinic

In  addition special formulations can 
be produced for development 
purposes.

Magnetia
Stabilited
Zirconia

96.1»  Z rO  +H IO . 
3.0» M gO

Melting Point :2 7 0 0 C  
Mean Specific Gravity: 5.65 
Phase Analysis : 60%  Cubic

40%  Monoclinic

Calcium
Zirconale

69.8» Z rO  + H IO  
29.3» CaO

Melting Point ; 2300 ’C 
Mean Specific Gravity: 4.65

2 standard g r id » . • 1 0 0  myth 
Micronrsed

Refractory
Bond»

U ni A  (bond 
M 2

62.0»  A IO . Loss on Ignition : 38%
Packing Density : 1 .Og/rm' approx.

High purity alumina refractory bond 
available in dry powder form.

Refractories

U ni Mulbond 
M 3

50.8»  A I O  
14.5» S O

Lm* on Ignition : 34.5»
P *  king D m tily : 1 .Og/cm' appro*.

H igh purity mulIHe refractory bond 
available in dry powdei form.

Silicon Carbide Unirundum
C C

99 .5»  SiC
(Green & Light Green)

Imported stocks of green and black silicon carbide are held m standard FEPA 
sizes, both macrogrits and micropowders.

Bonded Abrasive Products 
Coated Abrasive Products 
Lapping Com pounds

Unirundum
BC

98.7»  SiC 
(Black)

Bubble
Alumina

Bubble
Alumina

•99.0» A IO . Utcd for high temperature refractory intufalion purposes. 
Available in a range of tlandard tin t.

Refractories

Detailed technical information for all individual product* it available on requnl.
N.B. The technical data are quoted from average* of Quality Control m u ll*  and are fully repreientalive.

However, due to the fact that natural raw material* are utcd, no guarantee can be given and no warranty it implied.



UNIVERSAL ABRASIVES LTO.
Emn ScMMio 
hufack 120»0 MT) Krafi ( W. ■ Cmwv I 
Tri N ra A n  02*52 >74 )4

J u n i  1983

H I C H T A K A L T S E

E  L  E  K  T R  0  -  S  P  I N E L L
s  S s  s  s  «: = = = * * : S S S S K

C h e n i s c h e  A n a l y s e :

==== -= = = =!i,r=*=S= = SB

S i 02 c a 0,11  %

T i 02 u n  t e r 0,01 %

A l 2°3 c a 68,80  %

F e 2°3 c a  0,06  %

C a O c a 0,25  %
M g O c a 30,10  %

z 2 o u n t e r 0,01  %
N a g O c a 0,22  %

D i c h t e c a 3,57
K o m -

E a u m g e w i c h t c a 3,48  • )

D i e  g e n a n n t e n  W e r t e  s i n d  D u r c h s c h n i t t s w e r t e ,  k e i n e

G a r a n t i e w e r t e •

• )  e r m i t t e l t  a n  K 0 r n  -  3/16  +  10  (  «  c a  4 ,76  -  1,67  m m )  

n a c h  P B £  1977.



U N I

UNIVERSAl ABRASIVES LIMITED
STAFFORD, ENGLAND ST1S TEA

Telephone: Stafford (078S) 3281 
Tele*: 36198UNI BRAG  
Telegrams: Uni. Stafford

Registered in England No. 298220 
Registered Office: 2 K  Long Acre. 
Nechells. Birmingham B7 SJR.

YOUR REF. OUR REF.

REFRACTORY GRADE FUSED MAGNESIA
E n a  Stkhbin 
Tentarli I2MD547)K»run Canaan, i Tti : Mnd«ioia5: iT4 3*

APPLICATION
Universal Abrasives Ltd high density refractory grade 
fused magnesia has been specifically designed for 
incorporation in magnesite-carbon products. The 
principal uses of such products are in severe and high 
wear applications in steelmaking furnaces, such as 
electric arc sidewalls or tuyere bricks in LD converters.
TYPICAL CHEMICAL ANALYSIS (7.)
Silica SiOj 0.48
Titania TiOi <0.01
Alumina AljOj 0.10
Iron Oxide Fe*Oj 0.12
Lime CaO 2.45
Magnesia MgO 96.80
Potash K,0 <0.01
Soda Na, 0 <0.10
Loss on Ignition 0.08
Lime: Silica Ratio 5.1
PHYSICAL DATA
Grain Bulk Density 3.50
(30th PRE recommendation, 1977)
Specific Gravity 3.58
True Porosity (7.) 2.2

The material is normally supplied as 5 mm ROM, but other 
gradings may be available.

All technical information is typical but does not imply 
any warranty.

A Unicorn Industriet Company



Technical Data

Application

Description

Typical Chemical 
Analysis
for -3 0  grading

Physical Data
Melting Point 
Mean Specific Gravity 
Phase Analysis

Availability

LIME STABILISED ZIRCONIA
4.2% Lime Stabilised Zirconia is ideally suited for applications where thermal 
shock resistance is a prime consideration, such as nozzles, crucibles, sliding 
gate refractories, liners and other hot metal contact wear, laboratory ware 
and kiln furniture.

This is partially stabilised product with approximately 75% of cubic phase 
and 25% of monoclinic phase uniformly distributed throughout the fused 
product. This uniform distribution of the two phases imparts to the product 
low and controlled thermal expansion characteristics which enable dense 
refractories with good thermal shock resistance to be produced.

Z r0 .+ H f0 2 94.60% ALO , 0.41%
SiO , 0.40% Fe ,0 , 0.08%
CaO 4.20% TiO , 0.20%
MgO 0.05%
Due to the migration of the CaO during the production process, the level 
will vary from about 3.5% for size -12+ 30  to 4.5% for size -  300.

2,500°C 
5.55 g/crn'
75% cubic phase 
25% monoclinic phase

These are available in a standard range of aggregate sizes:

BSS Sieves -1 2 +  30 
-30+ 100

-  30 
-100

-200
-300

100 -
B S  S S>ev*«

Apart from the standard range of product types and sizes UNIVERSAL 
ABRASIVES LIMITED have the manufacturing and technical capability for 
the production of non-standard Zirconia products to meet individual 
customer requirements.

300 700

Ap*rti»*-M ier««i

50 100 200 300 400 500 1000 7000

TYPICAL SITE DISTRIBUTION -  FUSED ZIRCONIA 8TANDARP SIZES
10.000



Technical Data

CALCIUM ZIRCONATE
Application The principle uses for Calcium Zirconate are as a ceramic dielectric for 

micro circuit substrates, in glass contact wear, in high temperature furnace 
structures and as a bonding material for other refractory systems.

Description Fused Calcium Zirconate is manufactured in an electric arc furnace by 
melting equimolar quantities of Lime and Zirconia.
It is a highly refractory material with a melting point of 2,300°C.

Typical
Chemical
Analysis

ZrO j+ H fO , 69.81% F e A  0.06% 
S i0 2 0.35% TiO j 0.12% 
CaO 29.30% A IA  0.06% 
MgO 0.06%

Physical Data
Melting Point 
Mean Specific Gravity

2,300°C 
4.65 g/cmJ

Availability 1. -100
2. Micronised: Mean size 3 - 6  microns 

(100% 20 microns)



Technical Data

W HITT FUSED ALUM IN A

Application Refractories—Monolithics and Fired Shapes.

Description White Fused Alumina is manufactured in an electric arc furnace by the fusion 
of a controlled quality pure grade of calcined alumina.

Typical
Chemical
Analysis

Physical Data
Colour

A IA
SiO ,
F e A
TiÓ 2
CaO
N a,0
K ,0

White

99.5%
0.03%
0.05%
Trace
0.04%
C.32%
0.01%

Specific Gravity 3.94
Bulk Specific Gravity 3.86{Size 1-3mm)
True Porosity 3.3%
Melting Point 2050°C
Typical Surface Area (Grade) —100 — 200

(Rigden's method) (cm2/g) 6236 10160
Coefficient of 6 x 1 0~6 per °C  (20-100°C)

Expansion 8.5 x 10-6 per °C  (20-1000°Q
Hardness 1800-2300 K100

9 Moh's Scale

-3 0 0
13070

E lectrical Resistivity 3 x 1013 ohms/cm3 at 300°C.

Availability Standard M etric Sizes (DIN 4188)

Grade

Cumulative Percentages
1 2 3 4 5

8 —5mm 5 —3mm 3 —1mm
1mm

-D u st
0.5mm 
— Dust

Sieves
A.S.T.M . B.S.S. mm

% — 9.53 5 Max
У« — 6.35 20 Min
4 3V2 4.76 75 Min 10 Max
5 4 4.00 20 Min
7 6 2.80 10 Max

10 8 2.00 90 Min 20 Min
18 16 1.00 90 Min 10 Max
35 30 0.50 20 Min 10 Max
60 60 0.25 20 Min

200 200 0.075 98 Max
270 300 0.053 98 Max

Separate Data Sheet available for Standard British Sizes.



UNIVERSAL ABRASIVES
Technical Data

FUSED ZIRCONIA
Description -  Pure Zirconia Z r0 2, has a melting point of 2,700°C and offers great potential
Zirconia Z r02 as a refractory material. As well as being an extremely high temperature

metal oxide, it is inert chemically, resisting most chemical reactions and is 
generally stable in both oxidising and reducing conditions.
The potential of Pure Zirconia as a refractory material is, however, hindered 
by its polymorphism i.e. two main crystal forms exist, a monoclinic form at 
low temperatures changing to a tetragonal form at around 1,000°C. This 
change in crystal structure is reversible and is accompanied by a rapid 
volume change of approximately 8% . This polymorphism limits the 
usefulness of Pure Zirconia in dense refractory bodies produced by 
orthodox fabrication processes.
The disruptive volume change can be avoided by the addition of controlled 
quantities of certain cubic oxides, Lime and Magnesia being the most 
commercially acceptable oxides for this purpose. When mixtures of Pure 
Zirconia and around 5% cubic oxide are fused in an electric arc furnace the 
iattice structure is altered to a cubic type.
Zirconia treated in this way is called Fully Stabilised Zirconia, has a uniform 
thermal expansion curve and offers good refractory properties.
For applications where thermal shock resistance is of paramount importance 
Partially Stabilised Zirconia manufactured by the fusion route offers 
exceptional properties. This material has a uniform distribution of cubic and 
monoclinic phases, lower thermal expansion characteristics and 
consequently very good thermal shock resistance.



Technical Data

MAGNESIA STABILISED ZIRCONIA
Application

Description

The principle use of Magnesia Stabilised Zirconia in dense refractory 
structures is applicable where lime cannot be tolerated, such as crucibles 
used for melting special alloys.

Magnesia Stabilised Zirconia is manufactured in an electric arc furnace from 
controlled purity raw materials. The Magnesia content at 3% by weight 
imparts to this product a partially stabilised structure in which both Cubic 
and Monoclinic phases are present in a uniform distribution. Magnesia 
Stabilised Zirconia has the tendency to lose it stability when heated above 
1,300°C, the cubic phase reverting back to the monoclinic phase.

Typical
Chemical
Analysis

Physical Data
Melting Point 
Mean Specific Gravity 
Phase Analysis

Availability

ZrO ,+ H fO ,
SiO.
CaÓ
MgO

96.10%
0.40%
0.10%
3.00%

A IA  
Fe,О , 
TiÔ,

0.10%
0.10%
0.20%

Due to the migration of MgO during the production process, the level in the 
finer product sizes may rise to about 3.7%.

Approximately 2,700°C 
5.65 g/cm'
60% cubic 
40% monoclinic

These are available in a standard range of aggregate sizes:

BSS Sieves -12+  30 
-30+ 100

-  30 
-100

-200
-300

Apart from the standard range of product types and sizes UNIVERSAL 
ABRASIVES LIMITED have the manufacturing and technical capability for 
the production of non-standard Zirconia products to meet individual 
customer requirements.

100 —
e.S.S. Sitm

■£SbSibhSSb
50 ir>0 ?00 3^0 400 500 1000 7000

TYPICAL SIZE DISTRIBUTION -  FUSED ZIRCONIA STANDARD SIZES
5000 10.000



UNIVERSAL ABRASIVES
Technical Data

Application

Description

Typical
Chemical
Analysis

PURE FUSED ZIRCONIA
The principle uses for Pure Fused Zirconia are in refractories where thermal 
shock is not a consideration, as a bonding material for refractory shapes, as 
loose fill high temperature insulation, in foundry mould facings and washes, 
in piezo-electric ceramics, in titanate ceramics and as parting media.

Pure Fused Zirconia is manufactured in an electric arc furnace from the 
highest purity raw materials. It has a monoclinic structure and undergoes a 
reversible transformation to the high temperature tetragonal form at about 
1,000°C. This change in crystal structure is accompanied by a severe 
volume change of approximately 8%.

ZrO ,+H fO , 99.5 % MgO 0.05%
SiO, 0.18% Fe.O , 0.10%
CaO 0.01% TiO , 0.15%

Physical Data
Melting Point 
Mean Specific Gravity 
Phase Analysis 

Availability

BSS Sieves -12+  30 -  30 -200
________________ -30+ 100 -1 0 0  -  300______________________________

Apart from the standard range of product types and sizes UNIVERSAL 
ABRASIVES LIMITED have the manufacturing and technical capability for 
the production of non-standard Zirconia products to meet individual 
customer requirements.

2,700°C
5.78g/cm'
100% monoclinic

These are available in a standard range of aggregate sizes:

e.s.s 300 200 100 60 5 ? 30 22 16 12 10 8 6 5 4
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Refractory Grain

Increasing demands imposed by modem technology have created a need 
for reliable high grade refractories. The chemical and physical 
inconsistencies of many natural materials have led to the development of 
electrically fused materials which are manufactured under controlled 
conditions.

Universal Abrasives produce white fused alumina, brown fused alumina, 
fused zirconia (both stabilised and monoclinic), fused spinel and fused 
magnesia as standard products, and are able to investigate the production 
of other materials as the need develops.

The company has many years of experience in the production of electro 
fused materials, and through the years i>as gained considerable knowledge 
in controlling to close limits chemical purity, grain shape and size.

We have used this experience to design and construct manufacturing units 
which enable us to employ the most modern techniques. We are able to 
offer to the refractories industry a comprehensive range of size gradings to 
enable the manufacturer to meet the many and varied requirements of his 
customers.

V
For further information contact:

y

Untcom Industri** - Momter 
of tho Fo m c o  M in M p  Group

Stafford ST16 1EA, England. 
Telephone: Stafford 0785 3281. 
Telex: 36198 UNIBRAG.
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DELIVERER OF REFRACTORY RAW MATERIALS

MAGNESITE

Austrian-American 
Magnesite AG

(Austria Magnesite) 

Veitsche
Magnesitewerke AG

(Austria Magnesite) 

Didierwerke AG

(Spain magnesite 
Seewater Magnesite)

Austria
P.O.Box
A-9545 Radenthein 
Phone: 04246 21000

Austia
Schubertring 10-12 
A-1011 Wien 
Phone: 0222 523611

Germany
Lessingstr. 16-18 
D-6200 Wiesbaden 
Phone: 06121 3591

Continentale Germany
Erz-Gesellschaft Jan Wellemplatz 3

D-4000 Diisseldorf 1
(CSSR Magnesite)

C E Minerals U S A
901 East 8th Avenue 
King of Prussia 
PA 19406

2 4 9 É
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DELIVERER OF REFRACTORY RAW MATERIALS

SiC /CORUDUM

Elektroschmelzwerk Germany
Kempten GmbH Herzog Wilhelmstr. 16 

D-8000 München 33
(SiC, Corundum) Phone: 089 51201

Lonza Ltd Switzerland
Inorganic Chemical Münchensteiner Str. 38
Division CH-4002 Bale 

Phone: 061 508850
(SiC, Corundum)

Mineralien Mahl- Germany
Schmirgelwerk * P.O.Box 1169

D-7554 Kuppenheim
(Corundum) Phone: 07222 4025

Universal Great Britain
Abrasiv ltd P.O.Box

Staffort St 161/EA
(Corundum)



и
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DELIVERER OF REFRACT1''RY RAW MATERIALS

TABULAR ALUMINA

Alcoa Chemie 

Selling office

Vereinigte 
Aluminium Werke

Kaiser Aluminium 
& Chemical

Netherlands
Rotterdam
Germany
P.O.Box
D-6700 Ludwigshafen

Germany 
P.O.Box 2448 
Gerichtsweg 1 
D-5300 Bonn 
Phone: 0228 552334

International Group 
P .0,Box
Oakland / Calif.

i
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DELIVERER OF REFRACTORY RAW MATERIALS

BAUXITE / MULCOA

Continentale 
Erz-Gesellschaf t

(China Bauxite)

Phillip Brothers 
Salomon
(Guinea Bauxite) 

C E Minerals

Germany
Jan Wellemplatz 3 
D-4000 Düsseldorf 1 
Phone: 0211 130940

U S A  
New York

U S A
901 East 8th Avenue 
King of Prussia 
PA 19406

SPECIAL PRODUCTS

Universal 
Abrasiv Ltd

Great britain 
P.O.Box
Staffort St 161 EA

(All sorts of
products for Refractories)
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A N N E X  2

Production of Refractories 1983

Production devided into products
- High Alumina
- Medium Alumina 

Low Alumina
- Magnesite 

Magnesite Chrome 
Zirkon



Annex 2

Production of Lanka Refractories 1983

I IMight Alumina | Medium Alumina |Bricks and Fire Clay I Bricks |
T1 Price T1 Sales 1 T1 Price SalesM.T 11

p.T 11
Value j M.T 11

P-T Value

290.79 1
1 7,500 1

1 2,180,925 | 50.23 1
1 6,500 326,4955.00 1 7,956 1 39,780 j 19.15 1 6,483 124,144

11.81 1 14,082 1 166,304 j 1.65 1 11,176 18,4411.7 1 8,912 1 15,151 I 23.40 1 7,916 185,2240.03 1 12,133 1 364 j 14.08 1 22,157 311,963
3.62 1 11,065 1 40,056 |* 2.24 1 9,449 21,1660.07 1 16,257 1 1,138 j 1.62 1 7,332 11,878*40.44 1 13,100 1 529,764 | 146.40 1 9,078 1,228,948

1 1 1.50 1 6,318 9,477
1 1 0.08 1 21,663 1,733
1 1 24.48 1 9,693 237,273
1 1 23.02 1 6,798 156,499
1 1 1.28 1 6,385 8,172
1 1 4.20 1 5,786 24,300
1 1 6.90 1 10,117 69,805
1 1 4.50 1 10,202 45,910
1 1 0.33 1 10,521 3,472
1 1 9.37 1 6,518 61,075
1 1 • 48.60 1 6,800 329,800
1 1 * 22.70 1 10,781 245,115
11 11

0.06 11
57,533 3,452

353.46 11 6,109 11 2,973,482 | 405.69 11 8,463 3,524,342
====== 1 == = = = 11

HIIIIHHN 1j SSBSS SSS9SS9SS

27 * 11 —

11 25 ft | 32 ft 11 — 29 ft
SBS3 1

1 11t
BBSS 1 SSS3 11

B a s s



Medium Alumina Fire Clay Low Alumina

Price Sales rPrice | SalesM.T p.T Value M.T p.T | Value

24.00 4,368 104,832 2.47 115,601 | 38,5352.00 4,285 8,570 48.52 5,897 | 286,1332.00 4,178 8,355 * 1.85 16,508 j 30,54072.55 4,380 317,754 0.60 3,992 | 2,3950.20 4,120 824 10.25 9,932 2,4835.00 4,200 21,000 10.40 4,120 1,648 10.30 4,283 1,285 1* 0,26 4,200 1,092 111111i111111
106.96 4,374 467,843 53.44 16.692 1 1357,603 j
a a s a a s b  3  s  a a 8 8 a s a s s B 8 8 S S B XBB s  s  | 

1
1i

8 % ____ 4 # 4 % 1 13 % 1
s s s «== taa ss 11 ■■■ 11



Annex 2

Production of Lanka Refractories 1983

ILow Alumina | MagnesiteInsulation I

M.T -------- rPrice 1 p.T 1 
1

SalesValue
1M.T 1 
1 1

Price
p.T

1.70 9,449 1 16,064 1.5 1 24,687
16.00 5,070 1 81,113 11.29 10,081 1 13,004 12.55 6,294 1 16,050 10.34 12,274 1 

1
4,173 11

21.88 5,960 130,404 1.5 24.687

2 * 1 # 0 %



Magnesitemisse
TI Magnesi te Chrome Bricks

SalesValue

3 7 ,0 3 0

3 7 ,0 3 0
S%SSSS

0 %

M.T 'j Price | Salesj p.T j Value_____I_______ |______

-------- !----------- 1----------
M.T Pricep.T SalesValue

1 3 8 . 0 0 4 , 9 2 9 6 8 0 , 1 5 8 • 1 5 5 . 3 8
4 5 . 0 0

1 7 , 9 2 4  2 , 7 8 5 , 0 0 2
2 3 , 7 8 6  1 , 0 7 0 , 3 8 0

1 3 8 . 0 0

11 %

4 , 9 2 9 6 8 0 , 1 5 8
SIBB3SS 

6 %

2 0 0 . 3 8  

16  %

2 3 , 7 8 1
r a x i B i

3 . 8 5 5 , 3 8 2

3 2  %
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Production of Lanka Refractories 1983

Zirkon

M.T Price
P.T

Sales M.T Price Sales M.TValue P-T Value

0.02 
*  0.12

161,98724,725 3,2402,967

0 .1 4 | 4 4 ,3 3 6 1 6 ,2 0 7 |1 '2 8 1 .4 5
s s s a

1

IIIIIIIIII

I

IIIIIIII = = =

o  *
1

1 0  %
1
1 1 0 0 %

12'032'451

100 %



Pricep.T SalesValue M.T Pricep.T SalesValue
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Production of Refractories 1983

L?st of the costumers 1983 
Production
Sales value



1Dr.-Ins.
BIEHLER

Annex 3

CUSTOMERS OF LANKA REFRACTORIES 1983

CUSTOMER VARIATY OF WEIGHT SALES VALUEPRODUCTION M.T. S.L.Rs

Ceylon Cement 1) Medium Alumina 50.23Corporation
2)

bricks
High Alumina 
bricks 290.79 5,292,422.37

3 ) Magnesite 
Chrome bricks

155.38

Ceylon Plywoods 1) Medium alumina 19.15 124,144.00Corporation bricks

Ceylon Tyre 1 ) Medium alumina 1.65 18,440.80Corporation bricks

Ceylon Govern- 1) Medium alumina 23.40 185,224.00ment Railway
2 )

bricks
Medium alumina 
fire clay 24.00 104,832.00

3 ) High alumina 
fire clay 5.00 39,780.00

Ceylon Sugar 1) Medium alumina 2.00 8,569.60Corporation
2 )

fire clay 
Medium alumina 14.08 311,962.72bricks

State Hardware 1 ) Medium alumina 2.00 8,355.40Corporation
2 )

fire clay 
Medium alumina 
bricks

2.24
37,229.92

3 ) Low alumina 1.7

HAYCARD 1 ) Medium alumina 1.62 11,877.80LIMITED bricks
2 ) Medium alumina 

fire clay 0.25 2,483.00
3 ) High alumina 

bricks
3.07

40,055.81
4 ) High alumina 

fire clay 0.55
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CUSTOMER VARIATY OF WEIGHT SALES VALUE
PRODUCTION M.T. S.L.Rs

Ceylon Steel 
Corporation

1) Magnesite 
chrome

45.00 1,070,380.00
2) Magnesite 1.50 37,030.003) Magnesite 

misse 138.00 680,157.60
4) Medium alumina 

bricks
146.40 1,328,947.95

5) Insulation 16.00 81,112.606) Medium alumina 
fire clay

72.55 317,753.50
7) High alumina 

bricks and 
fire clay

11.81 166,304.18

3,681,685.83'

Ceylon Ceramics 1) High alumina 40.44Corporation 2) Medium alumina
3) Medium alumina 

materials
4) Low alumina

48.50
22.70
1.85

1,135,218.85

Ceylon Silks 
Limited 1) High alumina 

fire clay 1.70 15,150.80

Associated 
Marine Services

1) Medium alumina 
bricks 1.50 9,477.00

Ceylon Match 
Company 1) Medium alumina 

bricks
0.08 1,732.60

Engineering 
Component Ltd

1) Medium alumina 
fire clay

0.20 824.00
2)  Insulation 1.29 13,003.50

Swastik Textile 1) Medium alumina 
bricks

0.06 3,451.50
2) Low alumina 

fire clay
0.60 2,395.00

3)  High alumina 
fire clay 0.03 363.60



Dr.-lng.
BIEHLER

3

CUSTOMER VARIATY OF WEIGHT SALES VALUEPRODUCTION M.T. S .L.Rs

Lanka Walltiles 1) Medium alumina 24.48 237,273.18Limited
2)

bricks
Medium alumina 
fire clay 5.00 21,000.00

Lanka Porcelain 1) Medium alumina 23.02 156,499.20Limited bricks

Xsvy Glass 1) Medium alumina 0.4 1,648.00& Motor Company
2)

fire clay 
Low alumina 
bricks

2.47 38,535.00
3) Medium alumina 

bricks
1.28 8,172.40

4) High alumina 
bricks

0.07 1,138.00
5) Medium alumina 4.20 24,300.006) Insulation 2.55 16,050.00

Colombo Commer- 1) Medium alumina 0.30 1,285.44cial Company
2)

fire clay 
Medium alumina 
bricks

6.90 69.804.80

Lanka Cement 1) Medium alumina 4.50 45,910.30Limited bricks

Link Natural 1) Medium alumina 0.33 3,471.80Products bricks and
fire clay

Allied
Industries 1) Zircon 0.12

2) Medium alumina 0.26
bricks and
fire clay 4,059.00
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CUSTOMER VARIATY OF WEIGHT SALES VALUEPRODUCTION M.T. S.L.Rs

Other Companies 1) Zircon 0.02 3,239.75
-

2) Low alumina 
bricks and 
fire clay

48.52 286,132.77 -

3) Medium alumina 
bricks and 
fire clay

9.37 61,075.44

4) Insulation 0.34 4,172.76

total 1,281.45 12,032,448.00
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A N N  E X 4

Proposals for Laboratory Tests

Raw Materials
Body Tests during Processing 
Fired Items
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CONTROL PROGRAM LANKA REFRACTORIES

RAW MATERIAL TESTS 
Chemical Analysis

SiOz : ..........
ALjOs : ..........
ZrOz : ..........

- Fez Os : ..........
TiOz : ..........
CaO : ..........
MgO : ..........
NazO : ..........
KzO : ..........
LOI (Loss of ignition) : ..........
Crystal water : ..........
Moisture content : ..........
(others if necessary)

Mineralogical Components
Very different depending on raw material

Physical Tests
Seger cone : ..........
Shrinkage : ..........
After drying % : ..........
After firing % : ..........
Sieve analysis : ..........
Specific weight : ..........
D.T.A.(Differential
Thermo Analysis) : ..........
T.G.A.(Thermo
Graphimetric Analysis) : ..........
L.D.
(Different Expansion) : ..........

Name Date



LANKA REFRACTORIES

Dr.-Ins.
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CONTROL PROGRAM

BODY TESTS DURING PROCESSING

Material
Chemical Analysis 
(normally not done)
Mineral Components 
(normally not done)

Physical Tests
Sieve analysis
Moisture content be
fore entering the kiln
Weight after pressing
Measurement of the 
shapes (shrinkage or 
expansion)
Control of the texture 
Control of the layers 
Control of the surface 
Control of the press

Production Tests
Pressure of the press 
Speed of the press 
Drying time 
Burning temperature 
Seger cone

Name Date



LANKA REFRACTORIES

Dr.-Ins.
BIEHLER____

CONTROL PROGRAM

3. FIRED ITEMS
Chemical Analysis Special Analysis

Si02 : ......  - ZrOt : ..
- Alj O3 : ......  - SrO? : . .

Fe? O3 : ......  - Crj Os : . .
TiOj : ......  - SiC : . .
CaO : .....  -   : ..
MgO : .....  -   : .
Na? 0 : .....  -   ;
K?0 : .....  -   :
LOI (loss of ignition) : .............

Mineralogical Components
Mullite : .............
Pericles : .............
Dolomite : .............
Chrystobalite : .............
Tridymite : ............. .
others : ...............

Physical Tests 
Buk density

- Apparent poros ity 
Water absorption

- Linear contraction
Cold crushing strength
Refractoriness 
under load
Expansion or shrin
kage on reheating
Size control accor
ding to the order
Quality control

Name : Date :
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an enterprise 
with world-wide 
activities

Netzsch Italiana Sri 
Via Pastfur, 10/12
1-37135 Verona 
Tel. 045/508188 Tlx. 480392

Netzsch Frères S.a.r.l.
32-34, Avenue des Chardons 
F-77340 Pontault-Combault 
Tèi. 6/0293329 Tlx. 691730

Netzsch (UK) Ltd.
Loomer Road Industrial Estate 
Chesterton, Newcastle-under-Lyme 
Staffordshire, ST57PZ 
Tel. (0782) 564717/8/9 Tlx. 367204

Gebrüder Netzsch
Schillerstra8e6
A-4020 Linz/Austria
Tel. 0732/62808/09 Tlx. 02/1299

Netzsch Inc.
119 Pickering Way
Exton, PA. 19341-1393/USA
Tel. 215 363 8010/11 Tlx. 5106639340

Netzsch do Brasil 
Industria e Com. Ltda.
89107 Pomerode/SC
Tel. 2222, 2232,2242 Tlx. 473165

Thermal Analysis • Testing of Refractories

Netzsch-Geratebau GmbH, D -8672 S e lb /FR G
Wittelsbacherstr. 42 -  P.O. Box 1460 - Telephone (09287) 78201 Telex 643510 ■ Telegram netzschgeraete
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HOT LOAD TESTING 
FURNACE 421 (RUL-CIC)
Tem perature Range 2 5 . . .  1500°C{1700°C) 
Determination of refractoriness under load (RUL) 
and creep  in com pression (CIC) of ceram ic materials 
dependent on tem perature according to  DIN 51053 
options e  g. for tests  according to ASTM C 832-76. 
B S 1902 Part 1A 1966 Sect. 7. UdSSR standard GOST 
4070. CSSR standard  are possible if requested 
Table frame with low friction load system 
Difference measuring system for inside and outside 
m easurem ents with LVDT. stroke ± 1 0  mm 
Sample size 50 mm 0 .5 0  mm high 
Max. load 1000 N in steps of 100 cN 
Recording of inner and outside sam ple tem perature 
and change in length 
Tem perature control unit 406

Special designs
Device for alternating load to  700 N 
High pressure to 100000 N ( 2 5 .. .  1500° C)

HIGH-TEMPERATURE
MOR-TESTER 422 (Modulus of Rupture) 
(DBP1648712)

Model 422 D/3
E/6 2 5 . . . 1700°C

Tem perature Range 2 5 . . .  1500°C 
for the determ ination of the modulus of rupture at 
elevated tem peratures according to  DIN 51048 
Cham ber furnace with preheating zone. max.
30 sam ples
Dimension of sam ples 25 x 25 x 150 mm3
Three point bending device
Load by weighing lever in 4 measuring ranges up to
5000 N max.
Indication with linear scale 
Load rates of 1.25 N /s to  125 N/s 
Control device of sam ple position 
Fully-electronic tem perature controller 411 
On request XY recording device 
Supplem ent for: load and bending m easurem ent 
power and bending m easurem ent a t preselected 
constant deformation rate

Model 422 D/4 for smaller sam ples
Tem perature Range 2 5 . . .  1450*0
Hot Load Testing Furnace with transport palets for
four-point bending device of silicon nitride
Sample dim ensions 3.5 x 4.5 x 45 mm3
Load device like model 422 D/3

Model 422 E/4
for specially exact bending tests  on one sample 
3.5 x 4.5 x 45 mm3 
Tem perature range 2 5 . . .  1500°C 
Split furnace
Measuring device for bending test with difference 
measuring system

13
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Das von dar PALZERS-BNIOM entwickel-
te SpuUer-Gi*: .1 zcichnet sich durch lol-
gcnde Ucrkn'.r.ic besonders sus:

•  Hohe Sputici rate boi gehriger Prcben-
er«vjirii;v; C#:.ircil V.'asserki'hlung dCS 
Tarr.'l; unu oc3 Objekttischps so.vie 
duro t.l^'.irc"ii-naL‘enkunc im neuanigen 
drfclisyTT-; tr.sci -en Magnstsyslei n

•  Atzeinnciuung otffcb einfaches Umstek- 
ken an e'er An: jc ii 2 .E. zun> Rcmigen von 
Hfober.oV'fi'iciwn zur Eiunirrierung von 
swrenden Sauersloitnaftung.'.r,.

•  Eingcbsute Plende. sodas; Froben ohne 
Unie'Tjrt.'c.t.ur. j  ties Vakuums g-uatzt und 
anschkassond besputtert wetden konncn. 
Zudem (;n,-.yb: diese Bienne ein Vorsput- 
tem von srhwcr : puUerbaren Materiafen 
(Oxydschichtenj v.ne Nickel, Qvom, etc.

•  Obiektbsch stufenics verstellbar cuch 
wahrend be.- Sputterprozesses.

•  Vonvahl dar Sputterzeit au! elsktrischem 
Zeitgeber

•  Vortsercitetr - Anschluss fur Qua-z-Schichi- 
dickenmcsse'nrrnlurici QSG 301

•  Eir.gebuutes Etekt' xnaonetventii zur au- 
tor.naiischcn l/ntarbindung der Argonzu- 
fuhr nach bscrulten dei Ànlage.

•  AutomaiifChes Fljtventil
•  Schreibercusgange der Vakuum- jnd 

Glimmstromanieige
•  SchneiUvechsel-Folientargets
•  Einfache und S’chere Bedienung

BESTELLDATEN

DUO C7120-T Sputto'-Anlane komplett mlt 
einem Goldiraget, ohnn Vakuumpumpe

BUO C7 150 -T Zv.eistuiigc Drehschiebcr- 
Vakijumpumpe DUO 004 A. Saugvermogen 
4 m\r,. Anschluss 220 V. 50 Hz

BUO 07151 -T do. jeooch Anschluss 220 V, 
60 Hz

BUO 0 7 155-T do. jedoch Anschluss 240 V, 
50 Hz

VARIANTE:

BUO 07 1ES-T Zweistufige Drehschieber- 
Vakuumpumpe DUO 012 A, Saugvermogen 
12 m?/h, Anschluss 220 V, 50 Hz

BUO 07 157-T do. jedoch Anschluss 220 V, 
60 Hz

BUO 07 155-T do jedoch Anschluss 240 V, 
50 Hz

BUO 07 152-T 1,5m Vakuum-Verbirtdungs- 
schlauch

BUO 07 153-T Olnebelfilier ONE 025

Folientargcts 
B8010 07 221 
BUO 07 222 
BUO 07 223 
BUO 07 224 
B8010 07 226 
B5310 07 226 
B6010 07 229

Goldtarget
Nickeltarget
Chrom target
Kupfertarget
Silbe rtarget
Platmtarcot
Gold/Paiiadiumtarget

SPEZiFIKATION

Leislungsaulnahme ohne Vorvakuunripumpe 170 VA 
mit Vorvakuurripumpe DUO 004 A 600 VA

Leistung 650 V/150m A

Probenkammar Pyrex-Zylmder Z  108 x Hdhe 106 mm

Probentisch O 65 mm, wassergekiihlt, hbhenverstelibar ± 35 mm bei 
Mittelstellung

Targets Schneliv.echsel-Foiienlargets O 54 mm wassergekiihlt

Aufsiaubrate max. 125 rim Gold in 1 Minute bei einem Abstand Anode / Kathode 
von 3 cm in Argonatmosphare

Probentemperatur nicht vi esentlich über 250 C  an der Oberflache bei einer 
KUhlwassertemperatur von 12° C

Auspumpzeit 2 Minuten bis zur Betriebsbereitschaft bei Verwendung einer 
zweistufigen Drehschieberpumpe mit einem Saugvermogen 
von < m3 / h

Kuhiwasser Druckmin -max. 1 — 4 bar 
Temperalur 12— 15CC  
Durchflussmenge 0,451 / min

Wasseranschluss SchlauchtOHe C  8 mm

Betriebsgas (Argon) Druck (Uberdruck) 1 — 15 bar 
Verbrauch 3 x 1C' mbar I/ sek

Gasanschluss Schlauchtülle S  6 mm

Vakuumansnhljss Schlauchtullc "  28 mm

SchrctberanscMussp druckproportionaies Signal 100 mV,

G:i.Ti^s»rprnm 100 mV

¡ Ajsgange Sieckdoso Vakuumpumpe (6.3 A). Sieckdose zum Anschluss 
der Schichtciickonmesseinrichtung (1 A)

: Aivncs sun^p*i 420 x 400 x 340 mm

An;.r »"'ijr,sspnnn'jm 220 — 240 V. 50/60 Hz
1 r-■ *. ;nt 22 kg

rti

BUO 07 16G-T Kohleverdampfungs-
Zusatz C EA  010

Zur Herstellung von leiienden Kohlerchichten 
aut REM-Prapaiaten fur die l/.mrosonden- 
Artalyse, sowie zur Herstellung von Kohle- 
tragerfolien auf Tragemetzchen fur die Trans- 
missiorts-Eiekfronenmikroskopieibcstehend 
aus einem Spezialflansch mit Kohlever- 
dampfer, Hochstromversorgung, Verbin- 
dungskabeln, Glasrczipient und einem Satz 
Kohiegam.

BUO 07 161 -T Ersatzkohlegam (3,5 m)

fr1 '.tV1
1 Zr

BUO 07 055 -T Qua rz-Schichtdickenmess-
einrichtung QSG 301,
komplett fur Spuneranlage SCO 030
1 Messgeràt QSG 301. BGS 04 250 
1 Netzkabel B 4564 309 YN 
1 Ouarzhalter OSK 301, BGG 12 750 
1 Oszillator BG 513 333-U 
1' Verbindungskabel 1 m. BG 519 939-T 
1 Verbindungskabel 0,5 m,

BG51S940-T
1 Verbindungskabel 0,3 m,BG 519 941-T 
1 Satz a 10SchwingquarzeOS0l0,

BN 845104-T

v ’ >

DUO 07 162-T Planctengetriebe zu spui- 
teranlage
Gceignei zur Aufnahme von 6 Pruhemiiom 
der REM Cambridge, Etec, Philips un 17r:r.v 
inkl 1 Batterie 9 V.

B8010 07 776 Ersatz batterie 9 V

, > » «*"J « i r
FL • 5490 O .ilm: -  Furstrntum L ischu njizin — f o<.i(»ch 76 — Tcitinn 075 / 4 19 27



Electron Microscopy
' ~ 1
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Designed for the production of conduc- ¡ 
five films on SEM  specimens, to avoid j 
undesirable charging of the specimen ' 
surface. j

j
1 he technique of manufacturing conduc- i 
tive films by sputtering is clearly superior j 
to evaporation coating, particularly : 
when the surface of the specimen is > 
very rough. With this method a glow dis- | 
charge is initiated between an anode and * 
a cathode plate, in an air or argon atmos- j 
phere of 0.05 to 0.2 mbar. The gas ions ¡ 
arc accelerated towards the cathode (for i
example, a gold target) where they knock ! 
off metal atoms. Through repeated col- ! 
lisions with the numerous gas molecules, 
present because of the high pressure, the | 
free metal atoms are deflected in all di- j 
rections. A  cloud of metal atoms is form- j 
ed which condenses on the cold surfaces ; 
of the immediate surroundings, and with 
the greatest possible homogeneity on the t
specimen covered anode surface. As the 
metal atoms reach the specimens from  
all directions a smooth thin metal film 1 
with sufficient conductance is formed, j
even on very rough surfaces. The in- j
crease of the film  thickness is a func- | 
tion of the glow discharge current and 1 
the sputtering time, and is easily control- ¡ 
led.

t
i

: i

/

Í«i

»
BU 800  077 PC (8307)



Features:
High sputtering rate 

Because the target is water cooled

The heating of the specimens by 
electrons is reduced

Because o^a new type o f  electron deflec
tion using an axially symmetric magnet 
system and in hight adjustable specimen 
table (which also can be watercooled)

The specimen surface can be 
cleaned to eliminate interfering 
oxide layers

Using the integrated etching device

Etching and sputtering both 
possible without breaking the 
vacuum

Because o f  the built-in shutter. It also 
allows oxidized and difficult-to-sputter. 
materials such as copper, nickel and 
chrome to be presputtered (onto the 
shutter)

Reproducible film  thickness 
Because the sputtering time can be preset 
on a timer

Sim ple  and easy to change foil 
targets

Because o f  hinged target arm with 
damping element, magnetic ring holder, 
and special foil targets

Fast venting of the chamber at 
the end of the process 

Because o f the automatic venting valve

Immediate cut-off of the argon 
supply at the end of the process

Because of the integrated solenoid valve

Personnel safety guaranteed
B y the new safety concept which in
cludes two vacuum relays and a forcibly 
activated terminal switch

Precise film  thickness determina
tion and semi-automatic operation 

Using the Q SG  301 quartz crystal film  
thickness monitor available as an acces
sory

Technical Data

The operating parameters can be 
recorded

Because separate outputs are provided 
for pressure and glow discharge display

Wide variety of accessories 
A llow  the system to be retrofitted for 
special preparation techniques

Simple and easy operation 
Because.the controls and display instru
ments are clearly arranged.

R ating
W ithout roughing pum p  
W ith  roughing p um p  D U O  0 04  A

1 7 0  V A  
6 0 0  V A

Vo ltage 6 5 0  V /  150  m A

Specim en cham ber
Pyrex  cy linder 0  1 0 8  x  height 1 0 6  m m

Specim en table
W ater-cooled, height adjustable 
F ro m  the m iddle position

1 3 5  m m  
0 6 5  m m

Targets water-cooled, qu ick  change fo il 0 5 4  rnm

Sputte ring rate
Fo r go ld  in  1 m inute at an anode-cathode distance of 3  cm. 
in en  a rgon  atm osphere

m ax. 1 2 5  nm

Specim en tem perature
(lo t  s ign ilicantly  over 2 5  ° C  o n  the surface at a coo ling  water 
tem perature o f 12  ° C

Pum p d ow n  tim e
U ntil ready fo r operation when rotary  vane p um p  w ith  using a 
two-stage pum p ing  speed o f 4  m^/h

2  m inutes

C oo lin g  water 
Pressure m in  -  max. 
Tem perature 
T hrou gh pu t

1 -  4  bar 
12  -  1 5  ° C  
0 .4 5  l/min

Water connection  hose nipple 0 8  m m

O perating gas largon)
Pressure labove atmosphere) 
C on su m p tio n

1 -  1 5  bar
3  x  10"1 m bar l/sec.

Gas connection, hose nipple 0 6  m m

V a cu u m  connection  hose nipple 0 2 8  m m

Recorder ou tpu t pressure proportional signal 1 0 0  m V

G lo w  d ischarge current 1 0 0  m V

O utp u ts
Socke t fo r  vacuum  pum p
Socket for connection  of the film  thickness m on ito r

16.3 A )  
11 A )

C onnection  voltage 2 2 0 - 2 4 0  V ,  50/60  H r

D im ensions 4 2 0  x 4 0 0  x 3 4 0  m m

W eight 2 2  kg

Balzcrs Union
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Accessories
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B U O  C 7 160 -T Carbon evaporator acces
sory C E A  020

For producing conductive carbon films 
on SEM  specimens and for micoprobe 
analysis, comprising a special flange 
with carbon evaporator, high current 
supply, connection cables, class chamber 
and one set of carbon thread.

BU O  07 161 -T Spare carbon thread

BU O  07 055 -T Quartz crystal film  
thickness monitor QSG 301

complete for the sputtering device 
SC D  030
1 measui ing unit QSG 301, B G S  04 250  
1 mains cable B 4564 309 YN  
1 crystal holder Q SK  301, B G G  12 750  
1 oscillatoi BG 513 333 -U 
1 connection cable 1 m, BG 519 939 -T 
1 connection cable 0.5 m, CG 5 19 .. 10 -T 
1 connection cable 0.3 m,

BG  519 941 -T 
1 set of ten crystals Q S 010,

BN 845 104 -T

Ordering Data

B U O  07 120 -T Sputtering system com 
plete with one gold-target, without 
vacuum pump

B U O  07 150 -T Two-stage rotary vane 
vacuum pump D UO  004 A , pumping 
speed 4 m 3/h. Connection voltage 220 V , 
50  Hz

B U O  07 151 -T Same as above, but 
220 V , 60  Hz connection

B U O  07 155 -T Same as above, but 
240 V , 50  Hz connection  

Variant:

B U O  07 156 -T Two-stage rotary vane 
pump DUO 012 A , pumping speed 
12 rn3 /n, pumping speed 12 m2/h con
nection 220 V , 50 Hz

B U O  07 157 -T Sam e as above, but 
? " )  V , 60 Hz connection

r'U o  07 158 -T Same as above, but 
_4G-V, 50  Hz connection

B U O  07 152 -T 1.5 m vacuum connec
tion hose

• l

B U O  07 153 -T O il mist filter

Fo il targets

B  8010 07 221 
B U O  07 222  
B U O  07 223  
B U O  07 224  
B  6010 07  226  
B  8010 07  228  
B  8010 07  229

gold target 
nickel target 
chrome target 
copper target 
silver target 
platinium target 
gold/palladium target

BU O  07 162 -T Planetary drive for 
sputtering device

Suitable for holding 6 specimen mounts 
from Cam bridge, Etec, Phillips, and 
Zeiss SEM 's. Incl. 1 battery 9 V,

B 80 07 776 Spare battery 9 V

ni iÌM

n1 V
¡■JJ Balzei s Union
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S E M  m icrograph of nem esis spec. 
(Scrophulariaceae) Sou th  A frica. 
Section from  the surfece o f a  seed. 
Menif ¡cation: 1 8 5 x
M icrograph: Basel U niversity

Laborato ry fo r  scan
n ing electron m icro
scopy
Bernoullistrasse 3 2  
4 0 5 6  Basel

c
K l i / r r j  Uiimn Ak 
r.O. eox 70
FL-9406 R-wcr*
PrincffM lity  of L frrh t^ n s iim
lei. 1076» -1 t o : ;  • Tele* 77903
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Preparation Technology for Electron M̂icroscopy
Balzers Union have dedicated themselves 
to  the development and improvement of 

-apparatus used for electron microscopy 
so that the high technological standard 
of today's electron microscopes can be 
fully exploited. T o  accomplish this they 
combined their many years of expert 
ence in the fields of vacuum physics, 
vacuum deposition technology, end elec
tron microscopy with cluse cooperation 
w ith universities and electron micro- 
scopists.

Today the Balzers Union range of prepa
ration systems, instruments, and auxil
iary materials offers practically every
thing reeded to solve almost any prepa
ration problem.

Freeze-Etching

Balzers Union offer two different sys
tems for freeze-etching: the B A F  400  
high vacuum system for routine work, 
and the B A F  500 K  ultra high vacuum  
system in which biological specimens 
can be freeze-fractured under U H V  con
ditions (10'10 mbar pressure range) and 
at temperatures down to —260 °C .

Ion Etching

The IE U  100 universal ion etching sys
tem is suited for the preparation of 
solids, and for surface and thin milling 
of metals, semiconductor materials, ce
ramics, and rocks and minerals with one 
of a selection of etching profiles. With 
the appropriate accessories qualitative, 
mass spectrometric, and spectral analy
sis investigations can be made. This 
makes the IE U  100 also suited for IR  
and U V  spectroscopy, and R H E E D , 
H EEL), SIM S, and IB S C A  as well as for 
LM , TEM  and SEM .

IE U  100  B A F  4 0 0
Io n  etch ing system  Freeze-etching system

B A E  0 8 0  T  

Universal evaporation  
deposition  system

Sm all too ls u sed daily r
Iti
i
I /

1
Ii*
i
Î
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Evaporation Coating

The wide field of preparation coating is 
covered by several types of systems, 
allowing the user to choose the one best 
suited for his purposes. Tw o of these 
systems are designed for use with the 
well proven quick telease flanges which  
allow the widest possible choice of ap
plications for any one system.

WED 010
Sm all sized evapora
tion  deposition sys
tem

t"l
I
I * «-5 4»

Ultramierotomy

Ealzers Union also have a variety of in
struments and auxiliary materials for 
this technology. These include an appa
ratus for automatic dehydration and 
infiltration of synthetic resin embedding 
materials into small biological speci
mens. The L T E  010 low temperature 
embedding device effectively prevents 
the denaturing of proteins and lipopro
teins in solvents.

«
I
tIf .

L T E  0 1 0
L o w  tem perature em
bedd ing apparatus

I

i

H P I layer of m icro
coccus radiodurans 
freeze-dried in the a ir
lock  and Pt/C sha
dow ed s i  ~ 2 G 4  °C  
undei U H V  cond i
tions

'■ '] Em bedd ing  materials J
]Iif! i
J

I
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Freeze Di ving

The FD U  010 system specialty develop
ed for EM purposes allows, for example, 
freeze drying and chemical fixation of 
EM  specimens in osmium tetroxide plus 
subsequent embedding in synthentic 
resin w ithout breaking the vacuum, A  
variety of accessories allow a number of 
preparation procedures to be carried out 
under optimum conditions.

Ii
t

l!!
Scanning Elect-on. Microscopy !

A  number of materials needed daily for 
work with the electron microscope, plus 
instruments for critical point drying and 
for sputter coating conducting films on 
SEM  specimens, arc also a part of the 
Balzers union range.

All the instruments and systems men
tioned are described in detail in the 100  
page Balzers Union catalog. This catalog 
lists over 2000 articles for electron mi
croscopy.

j V .  F &  F D U  0 1 0
j  Freeze d ry in g  unit.

Sputte ring system

General laboratory 
materials
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I would like detailed inform ation on:

Evaporation and sputter deposition sys
tems

Critical point drying  

Lo w  temperature emoedding 

Freeze drying  

Freeze etching 

Ion etching

□  Catalog with listings for more than 2000  
articles for electron m icroscopy

□  Custom er Service Laboratory

□  I would like to be contacted by a spe
cialist at no obligation to me

Do you wish m y further inform ations:
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1 would like detailed inform ation on:

□  Evaporation and sputter deposition sys
tems

□  Critical point drying

□  Lo w  temperature embedding

□  Freeze drying

□  Freeze etching

□  Ion etching

□  Catalog with listings for more than 2000  
articles for electron microscopy

□  Custom er Service Laboratory

□  I would like to be contacted by a spe
cialist at no obligation to me

Do you wish my further informations:
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Freeze Drying

The F D U 0 1 0 :  
ed for EM  purf 
freeze drying a 
EM specimens 
subsequent em  
resin without b 
variety of acccs- 
preparation prc 
under optimurt

r:
F D U  0 1 0  
Freeze d ry ing  uni

LV
C P D  0 2 0  
Critical po in t dryi

Genet al labo rator 
materials
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Customer Service Laboratory

-4

The Customer Service Laboratory in 
Liechtenstein is available to Balzers 
Union customers free of charge to try 
out their experiments on BU instru
ments and systems.

Owners of Balzers Union systems can be 
trained there by specialists to obtain 
optimum use from their new instru
ments. These courses, together w ith a 
number of technical publications, are 
available to them free-of-charge.

The Customer Service Laboratory is also 
used for training BU  sales and service 
engineers who are available world-wide 
for consultation and service.



>ales and Service Companies

A d dre sses T e le p h o n e T e le x
- u *u rV  L u x e m b o u rg N . V .  b a ’ z t r t  S .A .. K x e v ts io rU e n  7 , £ -1 9 3 0  Z e v a n te m (0 2 )  7 2 0  4 6  36 2 5  145
R D B e ‘ze*s H o c h v e k u u m  G m b H , S ie m n n ss fa sse  11 , D -6 2 0 0  W icsb a d e n -N o rd e n s tiv d t (0 6 1 2 2 )  6 0 3 6 -3 9 41  8 2  53 1
POOCH B a lte rs  55.A .. 4 7 . rue  d 'A r tn e lo n ,  F -9 2 1 9 0  M e u d o n (1 )  534  7 5  4 4 26 0 8 C 4

"v-oat B n t t f r B a lzers H ig h  V a c u u m  L im ite d ,  N o r th u r id u c  R o a d , f ia rk h a m s i» v 1 /H ftr ts . MPA TE N 1 0 4 4 2 7 )2 1 5 1 8 2  2 0 9
tM ia B a tzc r*  S .p .A .,  T e c n ic a  d o l l 'A l t o  V u o to ,  V ia  F o v re txo  13, 1 -2014 6  M ila n o (0 2 )  42  2 9  2 4 1 3 3 2 2 4 2

Nncior’ ond Relzers. S a vannnhw cg  4 9 , N L -3 5 4 2  A W  U t r e c h t (0 3 0 )  < 4  2 5  4 5 4 7 3 8 9
-s te r r o ic h B a ize 'S  H c c h v e k u u rn  G e s .m .b .H ., B « :.c h o f-F » b c r-P la tt 14 , A -1 1 8 Q  W ie n < 0 2 2 2 )4 7  7 3  66 1 1 4 6 7 6
iv o i  i? * /D * r m a r k N o ro is k »  Ba lzers A R . L i l ia  V e rk s ta d s o ^ ta n  2 . B o x  1 0 2 7 2 , S -A 34  01  K u n q sb a cke (0 3 0 0 )  14C 40 2 1 2 2 9

B a lzers H o c h v e k u u m  A G . S ta m u fe n h a ch s tra sse  4 8 ,  P o s tfa ch  186 , C H -8 0 3 5  Z u r ic h (0 1 )  2 5 3  32 6 6 5 2 2 7 8
J .S . A . &  Cano-:!* b a k e rs , 8  S agam ore  Park R o a d , H u d s o n , N H  0 3 0 5 1 (C 0 3 ) 883-C SG 8 7 1 0  2 2 8  7 4 3 1

Representatives

A rg e n tin a A R O  S. A .,  C a s illh  de C o rre o  4 8 9 0 ,  1 0 0 0  B u enos  A ire s 3 0 -8 2 7 8 1 7 2 6 8
A u s tra lia C. B a rn e y  &  C o . P ry . L td .,  B a lzers H ig h  V a c u u m  E q u ip m e n t,  

8 th  F lo o r ,  1 5 9  K e n t  S tre e t, S y d n e y . N .S .W . 2 0 0 0
2 7  6 1 5 3 0 7 1 /7 2 3 3 0

Brasil M ic ro n » ! S .A ., Rua Joao  R o d rig u e s  M a c h a d o , 2 5 . S o n to  A m a ro , 
0 4 7 0 7  Seo Paulo-SP

2 4 1 -3 0 1 1 1 1 2 3 8 1 7

C h ile n o rm a l S .A ., L o ti*  2 2 5 0 , C u s il l l  (P .O .B  ! 9 7 6 1 ,  S a n tim to  be  C h ile 7 4  0 5  51 3 4 0 3 4 1
C o lo m b ia A ro tc c  C o lo m b ia n *  S .A ., C e lle  52  A  N o . 13  - 7 6 , A p a r ia o c  A i r c o  0 5 0 8 6 2 .  B o o o ta 2  4 9  64  5 6 04 -1 2 G 3
f  spanc G erm an W eber S .A ., H c rm o s tlla  102 . E -M a d r id  9 (0 1 )  4  01 51 12 <5  2 6 0
H e lta i D r. C.J. Vam vacas, C h e m ica l P ro d u c ts  &  E q u ip m e n t,  P .O . B o x  115 , 

M antta rcH J S tr .  1 - 3 , N eo P s y c h ik o , A th e n
6 7  2 3  4 0 5 2 1 4 2 9 0

In d ia Toshn ivua l B ros . P v t. L td .,  6 -2 *9 6 9 /1 /1  Raj B h avan  R o a d , K h a ira ts b a d , 
H y d e ra b a d  5 0 0  00 4

3 7  114 15 5 6 1 8

Japan H e k u to  C o . L td . ,  B a lze rs  D iv is io n ,  P .O . B o x  2 5 , T o k y o  C e n tra l 3 4 1 7  611 2 2 9 1 ?
M a ju le h  S in g a p o re Balzers R e p re se n ta tive  O ff ic e , c /o  S inusa P te . L td . ,  4 0 1  C o lo m b o  C o u r t ,  

P .O . B o x  4 4 7 , Sine “ p o re  9 1 1 7
3 3  7 3 8  7 3 3 3  231

M ex ico M e q u in a r ie  y  A cce sso ries  S .A ., A lfo n s o  R eyes 15 . 0 6 1 7 0  M e x ic o 5 1 6  2 5  1 2 0 1 7 -7 4 2 1 7
N orge IS Y  In s tru m e n ts  &  S ys tem s as, E n e b e k k v n . 2 8 7 , P o s tb o k s  70 , A b e ls o . N -O s lo  11 (0 2 )  28 2 8  3 0 1 7 6 6 0
Peru Ing . E r ic h  d re m m e rtz  S .C .R .L .,  A v e n id a  J o s *  P a rd o  182 . O f ic in a 9 0 5 ,  

A p a rta d o  180 , M ira flo re s  18
4 5  81  78 2 5 7 3 9

P ortuguese E q u ip a m e n to *  de L a b o ra to r io  L d a ., A p a r ta d o  1 .1 0 0 , 1 0 0 2  L is b o a  C o d e x 9 7  6 5  51 1 2 7 0 2
R e p u b lic  o f  K o re a K e e h w a  E n te rp r is e  C o rp ., R M  60 1  H a n ju n  B ld g . 1 5 4 , N a e S o o -D o n g , C h a n g ro -k u , 

S e o u l, R e p u b lic  o f  K o re a
7 2 3 -1 1 3 0 2 8  1 8 3

Rep. o f  S o u th  A fr ic a B o re rs  D iv is io n ,  L s h o te c  (P ty .)  L t d v  51 B R ic h a rd  R o a d , In d u s tr ia  N o r th ,  
< 3 1 6 1  in d u s t r ia  2 0 4 2

( 6 7 3 ) 4 1 4 0 4 2  5 8 6 6

S u o m i H a v u h n n e , In s tru m e n T e rn im  O v , P.O. B o x  3 5 7 ,  S F -0 0 1 0 1  H e ls in k i 10 8 0 5  5 2  81 1 2 4 4 2 6
1 o iw o n Y o u n g  B ro th e rs  In te rn a t io n a l In c ., 7 th  F lo o r  E n te rp r is e  B u ild in g , 

5 4  11 C h ung  Shan N . Fid,, Sec. 3 , P .O . B o x  1 6 5 9 . T a ip e i
5 9  2 6  2 4 5  7 21 C97

V e n e zu e la S ce p tic . S .A ., A p a rta d o  2 4 5 2 , Caracas 1 0 1 0 5 7 3  0 2 7 0 2 1 6 5 2

Range of Products from the Balzers Division

Com ponents fo r the production, m usurem ent, end regulation of me- 
il.um , h igh  and  ultra h igh  vacuum
Rotary vane vacuum , roots vacuum, oil d iffusion, turbom olecular, tita
n ium  sublim ation, and cryo  pum ps; line construction  elements, feed
throughs. and valves w ith standard K F ,  ISO , and C F  flanges; total and 
partial pressure measurement and  regulation instruments, vacuum  m on i
tors, leak detection devices

Mess spectrom eter system s
for the analysis o f gases, liqu ids and solids as well as for process m on i
toring

V rc u u m  system s fo r thin  film  technology
Evaporation  and sputtering system s for optical coatings, fo r m icroelectro
nics and sem iconductor technology, fo r metal coating plastic, for sur
face treatments; evaporation materials, evaporation sources, end sputter
ing targets

T h in  film  products
Laser coatings and com ponents, infrared coatings, interference filters, 
antireflection coatings, co lor filters and co lor separation filters, com po
nents for light-heat separation, electrically conductive transparent coat
ings, replicated optics, etc.

O phtha lm ic lens coatings

Coated substrates fo r the production  of chrom e masks end hyb rid  cir
cuits; resistor chips

Wear-resistant and co rrosion-p roo f decorative coatings 

V a cu um  system s fo r  m etallurgy
M e lting  and casting systems, sintering furnaces, heat treatment furnaces, 
soldering furnaces

Preparation system s and accessories fo r electron m icroscopy 
Evaporation  and sputtering system s, freeze-etching and ion  etch ing sys
tems, auxilia ry  equ ipm ent and laboratory utensils

Special system s -  Special processes -  Large scale experimental system s 
fo r  physics

Space sim ulation  cham bers, autom atic leak detection devices, co m p o 
nents for accelerators and storage rings, separation nozzle test system s 
fo r isotope separation systems, etc.

Project engineering
Design, planning, and construction  o f complete turn-key p roduction  sites 
for m anufacturing th in  film  products and vacuum  components, w ith  full 
p roduction  and quality guarantees

BALZERS
Balters Union AMiengcseMschjft 
P.O. Ho» 70 FL-ÌM96 Balm*
Pr iMCij '- f 'i Jy  n f  l . i i c M p n i t f i n
Tei. IC70) 4 1 9 2 2  - I r l i »  779SJ
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Special features:

The main feature of the new B A L Z EP .S  UN ION  Carbon 
Evaporation Device C E D  010 is that it can be operated 
with just one fore vacuum pump. On the one hand, it is 
thus possible to achieve fast pumping times and hence 
rapid working cycles; on the other hand, the device has a 
most i casonable price.

Furthermore, there is the advantage that when evaporating 
at relatively high pressures, the average free path of the 
sublimed atoms is very small, enabling continuous coating 
even in the case cf sample surfaces extremely full of fis
sures.

By using carbon thread instead of carbon rods as evapora
tion material, a complete degassing of the carbon can 
furthermore be achieved. Due to this pre-degassing, the 
usual "spitting" during evaporation can be avoided, which

'UESHQISS*'^

often leads to destruction of the required carbon film. The  
sharpening and adjusting of the carbon rod; >s also saved 
when using carbon thread.

The film thickness can be determined simply by varying 
tne distance between the evaporation source and the speci
men and can be easily determined with the aid of a cali
bration curve. However, feedthroughs are provided for, 
enabling a later addition of a quartz film thickness meas
uring device.

Various types of sample plates for electron scan micro
scopy can be fitted to the built-in sample table. The sup
port grids to be coated for transmission electron micro
scopy can be simply placed on the table on filter paper or 
glass specimen supports.
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TECHNICAL DATA

Input max. 1.1 kW
Connection voltage 220 V / 50 Hz

- Dimensions (Length x breadth x height) 420 x 300 x 260 mm
Weight 21 kg

Electrical equipment High current transformer power 500 V A
primary voltage 260 V
secondary voltage 4 / 8 / 1 6 V

Regulating transformer
for regulating the primary voltage for the high current transformer •

power 500 V A
primary voltage 220 V
secondary .voltage 0 -  160 V

ORDERING DATA Order No.

atL

H r
** ___

r ~ :  '■ ■ ■ j

r  '  .

J

Carbon Evaporation Device C E D  010 compì, with 
1 set of carbon thread, w ithout vacuum pump 07 170

%
* *  .

5 ......

-  ; ■ )
ft i . .. A

Two-stage rotary vane pump type DUO 004 A , 
pumping speed 4 m3/h, connection 220 V , 50 Hz

ditto, but connection 220  V/60 Hz 
ditto, but connection 240  V /50  Hz

u7 150

07 151 
07 155

1.5 m vacuum connection hose 
Oil mist filter O N F 025

07 152 
07 153

■\.

L___
Gas dosaging valve
for dosaging the gas inlet during the pumping process 07 480

1 packet 3.5 m spare carbon thread 07 161
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ЗЛ Е 030 Smell scale preparation system with various quick release flanges and a d if
fusion pumping system

З Л Е  C50 Small stale preapartion system with various quick release flanges and a d if
fusion pumping system

З Л Е  370 Universal high vacuum preparation system with large belljar chamber

L'AF 400 Freeze etching system with rotary coid table, counter flow loading and
double replica devices, eltron beam evaporator, etc.

iE U  ICO Ion etching system for preparing nonbiological materials for the electron 
microscope

QPD 020 Cryo-Jet: quick freeze device fo r  biological specimens

FD U  010 Freeze drying device

SC D  030 Sputtering device

C E  D 010 Carbon evaporation device

C.PD 010 Critical point dryer

RW A 010 Replica Washing Apparatus

BEN JA M IN  II Autom atic dehydration and embedding apparatus

TEM  EM  103 Zeiss
SEM  600 M, Cambridge
LM M 4 ,5 0  x . Wild
Centrifuge up to 5000 RPIYi 
Drying cabinet 
Refrigerator 
pH meter
as well as all other necessary 
laboratory materials

If you would like to know  
more, send for our leaflet 
"Inform ation for Visitors to 
the Balzers Union EM Cus
tomer Service Laboratory"

Have you seen our catalog? It 
contains mere than 1800 ar
ticles for electron micros
copy.

Send for it today!
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F? ice list

&?ât?on L'ïbroscopy
Valid from 1.2.1984
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Conditions
Prices subject to change.

The prices are understood as ex works, 
not includine peeking, insurance, ship
ping, oi customs duty.

Payment upon receipt of invoice, net. 

These prices invalidate ail earlier prices.

Hcl/eis U'Mon m G -  P.O.i'-ox 75 -  F U K P Ò  Bnlzers -  Telephone (075) -1 19 77 ~ Telex 77 983



PARTNUMFER PAGE CAT. PRICE SFR

B...

В МЭО 121 74 14,00
В 222! 330 -tt 51 11,00
B 4564 3 «  Tit 52 9,40
В 4564 30? TO 22,00
B 4564 4?1 DP 130,00
P 5170 062 C3 1.400,00
P 5170 063 CZ 3.40v,00
P 5181 401 GZ 36 650,00
В 5294 211 № . 60 P 8010 090 01
P 6105 057 Л2 76 2.700,00
P 6105 05? ¡5 76 3.400,00
P 6105 05V A6 76 5.600,00
В 7302 250 ZP 60 5.300,00
В 8010 010 OD 4 19,00
P 8010 Old 01 4 19,00
P 8010 010 02 4 20,00
P 8010 010 02 4 29,00
P 8010 Old 04 4 19,09
В 8010 010 05 4 20,00
P 8010 010 Oc 4 29,00
P MID 010 07 4 19,00
P 8010 010 03 4 20,00
P 8010 010 09 4 29,00
P 8010 010 10 4 19,00
P 8010 CIO 11 4 20,00
P 8010 010 12 4 29,00
P 8010 010 13 4 19,00
p eoio oio 14 4 20,00
P 8010 CIO 15 4 29,00
P 8010 010 16 4 19,00
P 8010 CIO 17 4 20,00
В 6010 010 18 4 29,00
P 8010 010 27 4 19,00
P eoio 010 23 4 20,00
В 8010 CIO 29 4 43,00
P 8010 010 30 4 50,00
В 8010 010 33 4 23,00
P 6010 010 34 4 24,00
в eoio oio 35 4 39,00
В 8010 01C 36 4 19,00
P 8010 010 39 4 19,00
P 8010 CIO 42 4 19,00
В 8010 Oil CO 5 17,00
P 8010 Oil 01 5 17,00
В 8010 Oil 02 S 19,00
P 8010 Oil 03 5 28,00
В 8010 Oil 04 5 17,00
P 8010 Oil 05 5 19,00
В 8010 Oil 06 5 28,00
P 8010 Oil 07 5 17,00
P 8010 Oil 08 5 19,00
В 8010 Oil 0? 5 28,00
В 8010 Oil 10 5 17,00
P 8010 Oil 11 • 5 19,00
В 8010 Oil 12 5 28,00
p eoio o u  13 5 17,00
P 8010 Oil 14 5 19,00
P 8010 Oil ¡5 5 28,00
В 8010 Oil 16 5 17,00
P 8010 Oil 17 5 19,00
P 8010 Oil 18 5 28,00
P 8010 Oil 19 6 43,00
P 8010 Oil 70 7 48,00
В 8010 Oil 21 6 48,00
P 8010 Oil 22 6 48,00
В 8010 Oil 23 6 48,00
P 8010 Oil 24 4 48,00
P 6010 Oil 2D 6 4(1,00
P MIO Oil 26 6 49,00
P 8010 011 27 5 17,00
P 8010 Oil 23 5 19,00
P 8010 Oil 29 6 48,00
P 8010 Oil 33 5 49,00
P (ТОЮ Oil 34 5 50,00
P 00IO Cll 25 5 39,00

PART-NUMBER PAGE CAT. PRICE SFR PART-NUMBER RAGE CAT. PRICE SFR

В 8010 Oil 36 5 17,00 В afio 012 76 8 37,00
P 8010 Oil 3? 5 17,00 P 8310 012 77 8 37,00
В 8010 Oil 42 5 17,00 . P 8010 012 78 8 37,00
P 8010 Oil 45 5 1 7 ,0 ;* P 8010 012 79 Ь 37,00
P 601C Oil 48 5 17,00 P 8010 012 CO 8 37,00
P 8010 Oil 51 5 17,00 В 8010 012 61 8 37,00
В 8010 Oil 54 5 17,00 В 8010 012 82 8 37,00
В 6510 Oil 57 5 17,00 В 8010 012 83 8 37,00
P 6010 Cll ¿0 5 17,00 В 8010 012 65 8 37,03
P 6010 Oil 63 5 17,00 В 8010 012 84 Б 37,00
В ВОЮ Oil 66 5 17,00 В 8010 012 87 8 37,00
P 6010 Oil 69 5 17,00 В 8010 012 69 6 37,00
В 8010 Cll 72 6 17,00 В 8010 012 90 8 37,00
В 8010 Oil 75 А 37,00 Р СОЮ 012 92 8 37,00
p 8010 Oil 76 6 37,00 Р 8010 012 94 8 37,00
В 8010 Oil 77 6 37,00 Р ВОЮ 012 95 8 37,00
P 8010 Oil 78 6 37,00 В ВОЮ 012 96 8 37,0-0
P 6010 Oil 79 6 37,00 Р 8010 013 01 8 19,03
P 8010 on  eo 6 37,00 Р 8010 013 02 8 26,00
t  8010 Cll 81 6 37*00 Р 8010 013 03 4 ОХ REOiEST
P 6010 Oil 82 6 37,00 Р БОЮ 013 04 А ON ROSIEST
P 8010 Oil 83 6 37,00 Р 8010 013 05 t ON REQUEST
P 6010 Oil 84 6 37,0-3 В 6010 013 06 А ON REQUEST
В 6010 Oil 85 6 37,00 р еою 013 07 А ON REQUEST
В eoio 01! Б6 6 37,00 Р 8010 013 03 А ON REQUEST
В eoio Oil 87 6 37,00 Р 6010 013 09 А ON REOLEST
в eoio o n  sa 6 - 37,00 Р 8010 013 10 4 98,00
В 6310 Oil 89 6 37,00 Р 8010 013 11 А 98,00
P 8010 Oil 90 6 37,00 Р 6010 013 12 4 98,00
P 8010 Oil 91 6 37,00 Р 8010 013 13 4 98,00
В 8010 Oil 92 6 37,00 В »П0 013 14 4 98,00
P 8010 Oil 93 6 37,00 Р 8310 013 15 4 110,00
В eoio Oil 94 6 37,00 Р 8010 013 16 4 130,00
P 8010 Oil 95 6 37,00 Р 8010 013 17 4 130,00
P 8010 Cll 96 6 37,00 в еою o n  is 4- 130,00
p 8010 Oil 97 6 17,CO Р БОЮ 013 19 4 130,00
P 8010 Oil 98 ? 48,00 Р 8010 013 20 4 130,00
В 6010 Oil 99 7 43,00 В 8010 013 21 4 140,00
P 8010 012 00 7 17,00 -в 8010 013 22 5 28,00
p eoio C12 01 7 •7,00 В 8010 013 23 5 ON RECAST
l  8910 012 02 7 I V . 8010 013 24 5 ON REQUEST
В 8010 012 03 7 28,00 ' 1 210 013 25 5 ON REQUEST
E 8010 012 04 7 17,00 3 8010 013 24 5 ON REQUEST
В 8010 012 OS ? 19,00 -В 8010 013 27 5 ON REQUEST
l  8010 012 06 7 28,00 В 8010 013 28 5 ON REQUEST
В 6010 012 07 7 18,00 В 8010 013 29 5 ON REQUEST
В 8010 012 08 7 20,00 В 8010 013 30 5 59,00
В 8010 012 09 7 28,03 В 8010 013 31 7 19,00
В 8010 012 10 7 17.00 В 8010 013 32 7 28,03
р 8010 012 11 7 19,00 Р ВОЮ 013 33 7 ON REQUEST
Р 8010 012 12 7 28,00 Р 8010 013 34 7 ON REQUEST
В 8010 012 13 7 17,00 Р 8010 013 35 7 ON REQUEST
Р 8010 012 14 7 19,00 В 8010 013 36 7 ON REQUEST
р еою 012 15 7 28,00 р 8010 С13 37 7 ON REQUEST
Р 8010 012 16 7 17,00 Р 8010 013 38 7 ON REQUEST
р 6010 012 17 7 19,00 Р ВОЮ 013 39 7 ON REQUEST
р 8010 012 18 7 28, W в еою 013 40 7 55,00
Р 8010 012 19 8 48,00 в еою 013 41 5 19,00
Р еою 012 20 9 48,00 Р 8010 020 01 10 52,32
Р ВОЮ 912 21 8 48,00 в 8010 020 02 10 52,00
Р 8010 012 22 e 46,CO Р 8010 020 03 10 52,00
В 8010 012 23 e 48,00 Р 8010 020 04 10 52,00
Р 8010 012 24 9 49,00 Р ВОЮ 020 05 10 59,00
Р 8010 012 25 9 48, CO В ВОЮ 020 06 10 59,00
Р MIO 012 26 9 48,00 В 8010 020 07 11 170,00
Р 8010 012 27 8 17,00 В ВОЮ 020 08 10 19,00
В 8010 012 36 8 17,00 В 8010 020 0? 10 19,00
Р 8010 012 39 8 17,00 В 8010 020 10 10 19,00
Р 8010 012 42 8 17,00 В 8910 020 И 10 27,03
Р 6010 012 45 e 17,00 В 8010 0 »  12 10 27,00
Р 8010 012 48 8 17,00 В 6010 020 13 10 30,00
р 8010 012 51 8 17,00 В 8010 020 14 10 30,00
В 8010 0!2 54 8 17,00 В еою 020 15 ю 30,09
Р 6010 012 57 8 17,00 В БОЮ 020 16 10 30,00
В 6010 012 60 8 17,00 В ВОЮ 020 1 7 10 35,00
В 8010 012 63 8 17,00 в  еою ото t e 10 35,00
В 8010 012 66 8 17,00 В 8010 020 21 10 17,00
В ВОЮ 012 69 8 17,00 Р 8010 020 22 10 27, OC-
Ь 6010 012 72 8 17,(0 В 8010 ОТО 23 1C 27, №
Р 8010 01? 75 8 37,00 В 8010 020 24 11 4.\со
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1 ru ó COj 23 11 <2,00 ! 8010 030 74 21 < t Я J
!------

î* 6010 OjJ? Î3 2/
e о :, о o: o ;'o 11 33,00 P 6010 030 75 21 5,10 h  SOW UV 13 2?
l r- !'J 020 27 11 35,00 b £010 030 74 21 3V\C? h  Lvlv (40 14 T*
ь м ю  o;“ 2b 11 40,00 t  8010 030 77 21 8 ,43 ^6910 040 15 27

* ,
î ? Г-Л

v r ::o  c?o 2 : 11 40, № r* 3010 030 7u 21 14,00 P £010 040 16 27 VV v  1
e eno 30 11 35,00 F 60:0 030 80 20 22,00 t  K. 10 040 17 ■’ 27 1 »
(I MIC CíO 31 U 35,00 ! MIC 030 81 21 70,00 P £010 040 16 27 13, (a, :fc cc;v V..' j ¿ 11 4ч>*00 P СОЮ 030 £3 21,00 P MIO C40 19 27 ид.-. 1
E M¡9 C30 33 K 40,00 6 6310 030 84 22 1,10 E е :ю  (.«о 7f> 27 77, г J
e юю  o ::  '■ U 38.CC P 8010 C30 65 21 34,00 B* Í.VÍO 0**0 22 7i> 3.70-'/-'.
1- 6713 020 33 11 2 2 ,00 S K 10 030 64 21 34,00 E 2)10 040 24 26 3V,DCЬ СЛ0 023 34 11 31,00 P POlû 030 6? 22 24,00 E COI O 040 25 27 НИ/л ' J
b foio 02c 37 11 31,00 P 6210 030 93 21 CV.OO P 8010 040 26 27 Jó,00 ^I. LOÏC 020 30 11 35,00 E 8010 030 91 22 17,00 E 6010 040 27 27
E F.OiC 02C 37 11 35,00 l  6010 030 92 m 31,00 t  SPIO 0*‘G 2й 27 16,-v !
Ь ГУ Л  C2C 40 t J 56,00 P 6010 030 93 23 15,00 E 6010 040 2? 27 H ,00
l  fc*10 020 4! 12 56,00 P KiO 030 95 22 5,00 E 6010 040 30 27 16,00 St  2310 C2C -12 11 39,00 P £310 030 94 22 47,00 b 6010 040 31 27 U,A0 1
í: C IO C22 42 11 37,00 P G010 030 97 14 24,00 P £0:0 040 32 27 {

U t 0*  :
Ь bCÍÓ 0.. 44 C.N PKaiEST î* 8010 031 03 14 29,00 E £010 040 .33 27 16,00 r;• L34 сел oí 13 14,00 P F510 031 04 13 21,00 p ЕС10 040 34 27 16, c :• 1
l £310 СЛ 02 13 14,00 Г Рл10 031 07 13 22,CO H ВОЮ 040 35 27 16,00í ti/H; Ció 13 14,00 P Г010 031 06 13 25,00 1’ MIC 040 36 27 lé ,03
E РОЮ 030 04 13 22,00 £■ бою 031 0? 13 26,ce p 8010 040 37 27 le ,0 :  ;
fl 6510 C3j  СГ- 1? 20,00 E £010 031 10 13 26,00 P £010 040 35 27 170,0.7 !
i  üvlÜ 06 13 28,00 E 6010 031 11 16 220,00 P MIO 040 39 26 200,00 ;
E -010 030 07 13 14,00' E 6010 031 12 16 220,00 P 6010 040 40 26 330,00 ,
E OCIO 030 08 13 24,00 E B010 031 13 13 22,00 P 6010 040 41 26 370, ce !
£ П О 033 C? 13 20,00 P 8010 031 15 18 56,00 ï< 6010 C40 42 26 200,00 t
b 6010 07'; 10 13 22,00 E eoïc 031 17 16 200,00 p FOlO 040 43 26 260,0-9 '
E МЮ OÏO 11 1л 24,00 P 8010 031 J6 14 41,00 P 6C1IC 040 44 25 2.700,00 Í

t P £010 030 12 13 20,CO l  6010 031 19 14 41,00 P 8010 040 45 26 15,00 ii P £310 030 13 13 14,00 P 6010 031 20 19 14,00 P 8010 043 01 25 2.200,00 !
‘ 5. BJ10 01Ç. 14 13 17,00 E 8010 031 23 13 26,00 P 6010 043 05 27 850,00 i

P 6210 070 15 14 19, M P 6010 031 25 24 10,00 E 6010 043 22 25 , 2.700,00
i P MIO 033 16 13 21,00 P eoio 031 24 19 69,00 P 8010 043 44 25 2.700,00
i P MIO 030 17 14 43,00 E 6010 031 27 18 140,00 E 6010 C50 01 29 000,00
' Ь tw'U/ Ció ilJ 14 23,00 E £010 031 2Г 16 36,00 E £'-¡0 050 02 29 16,00
; P e: io 03'. 1? 14 17,00 E 6010 031 29 23 26,00 E 6010 050 03 29 16,00

b  S0Î0 03!. 20 15 39,00 P £010 031 30 15 13,03 F 8010 050 04 29 16,00
1 6010 030 21 15 30, CO b 6ЯС 031 31 15 13,00 E 8010 050 05 29 16,00

i P 8010 CSC 16 50,00 P 6010 031 32 15 13,00 P 8010 050 06 29 16,00
i P £015 030 23 14 25,00 P 6010 031 33 24 180,00 P MIO 050 07 29 U ,ce
-i P £010 030 ?9 14 26,00 E 6010 031 34 24 6,90 E 8910 C50 06 29 11 , ce
i p eoic coo 30 15 22,00 E 6010 031 35 24 6,90 P 8010 050 0? 29 11,00

b fcí’i'j c í'j  31 15 200,00 E 6010 031 34 24 6,90 p eoio озо io 29 2,501 P £010 030 32 15 120,00 P 8010 031 37 24 6,90 P MIO 050 11 29 2,50
i P £010 030 33 15 93,00 P 8010 031 38 24 6,90 E £010 050 12 2? 4,20
i P 8010 030 34 15 220,00 P 8010 031 39 24 6,90 P 8010 050 13 29 2,50

P 6010 030 35 U 200,00 P 8010 031 40 24 8,20 E 6010 050 14 29 4,70
i P £010 030 37 14 31»,GO 6 6010 031 41 24 6,20 P 8010 050 15 29 5,60
1 p е:ю  озо зз U 44 ,00 P 8010 031 42 24 8,20 p ec:o 050 24 29 4,10

p eoio озо з° 14 .25,00 P 8010 031 43 24 6,20 P MIO 050 25 29 4,10
1 p eoio озо 40 14 220,00 P 6010 031 44 24 6,20 P £010 050 26 29 4,10

p есю озо 4i 14 170,00 P 6010 031 45 24 8,20 P 8010 050 27 29 6,20
i P MIO 030 42 15 58,00 E 6010 031 47 24 7,10 P MIO 050 28 29 C,70
i Ь Г /10 C’JV <¿ 1.7 51,00 P 6010 031 48 24 12,00 P MIO 050 31 29 19,00
: P СОЮ 030 47 17 39,00 E 6010 031 49 24 13,00 » £010 050 32 30 19,00
*• t  £710 Cío 49 17 4,90 E 6010 031 50 24 32,CO P £010 OSO 33 30 11,00

p MIO 030 4'У 17 11,00 F BOiO 031 52 U 14,00 p 6010 050 34 30 11,00
1 P С MO СЗО 50 17 24,00 E B010 031 53 16 63,00 P MIO 050 35 30 6,90
1 Р ГОЮ ОЗО 5! 17 6*83 E 8010 031 54 16 63,00 P MIO 050 36 30 6,90
i P РОЮ 030 52 17 26,00 E 6010 031 55 16 63,00 P MIO OSO 37 30 32,00
) E £0¡0 070 53 17 11,00 E £010 031 54 16 63,00 p eoio ore 39 30 3,?0
3 ! F'10 СЗО 54 16 25, ce E 8010 031 57 16 ¿3,00 P £010 050 40 30 79,00 -

F ("Ю 030 35 14 33,00 E 8010 031 58 U 63,00 E eoio 050 41 30 8,30
i Р СМС ОЗО 14 30,00 P 6010 031 59 16 63,00 E 8010 050 42 31 B, 30
■ P MIO 020 57 16 11,00 P 8010 031 60 16 63,00 p C010 050 43 30 8,20

P F01C 030 53 16 25,00 E 8010 033 32 15 120,00 P £010 050 44 30 2,20 -
P tclO 030 5V 16 13,00 E 6010 040 01 25 2.200,00 £ fOlO 050 45 30 26,00
F ■ '.'IC C30 40 13 21,00 E £010 040 02 25 ON 6ГГ/ХЕТ P MIO 050 46 31 230,00
£ t . i ;  ;:o  oí 20 8,60 p 8010 040 c : 26 460,00 P MIO OSO 48 31 0,70
* • о •') r> 21 23,00 P 6010 040 04 26 600,00 p вою ore 49 31 0,70
' t '\‘j  (■;; ¿r* 17 9,70 P 6010 040 05 27 650100 P РОЮ 050 so 31 0,70
1 - Mu 07.1 47 16 74.00 ï* 0010 0**0 06 27 150(00 P СОЮ 050 51 31 0,70 I
• ‘.'.’O f-J 13 27,00 P 8010 040 07 27 53,00 P НОЮ 050 52 31 0,70• ‘ <c 13 52,02 E 6010 040 OC 27 13,'t» £ £010 050 53 31 0,70 F
ь ■ .V : ir ?o :*o 6,60 E ¡.210 040 09 27 13Ì0O P F MO 050 54 31 0,70

21 6,40 E CGI 0 040 10 17 13(00 E F.:-10 059 55 31 0,77
21 5,Ю E E010 040 11 27 13, CO 1 MIO 05? 56 31 2,00
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: В tí 10 050 57 31 2.OC в е с ю  п о  0 2 90 б.рс-.оо В Р Э М  130 05 VI 91,00
ь coio o:-o ез 31 2,M В 8010 110 03 90 92,00 В tiro 139 06 91 30,00

$ в е л о  oso 5? 31 1,30 В С О Ю  110 04 90 5,50 в е ? ю  к о  07 93 23.00
В CC!9 C50 éC- 31 1,30 г Е С Ю  110 05 90 5.50 В Б О М  130 08 VI 15,00
t S O M  050 41 31 1,60 В К Т О  110 07 В8 540,00 j в е с м  130 09 91 15,00
В LOÏC C5C 42 31 1,60 В Р О М  110 08 88 28,00 в Ojio ¡зс м 91 55,00
B 1 >10 050 43 31 1,60 . В В С Ю  110 09 90 94,00 В К И О  13011 91 31,CO
В С Э М  0S>*61 31 1,60 в saio n o  u 79 45,00 В 0011 130 13 91 26,09
В fcOM C-50 VO 30 12,00 В К М  П О  12 85 110,00 Ь 6S10 130 15 91 16,00

i в erto w o  oí 32 14,00 В С Э М  110 20 68 30,00 В 6010 139 16 91 91,С-0
T В fci'io O-.O 02 32 14,00 В В О Ю  110 21 81 35,00 В С О Ю  139 17 91 73,00

В Р Э М  CÍO 03 32 17,00 В EOIС 110 23 81 36,00 В СЭ10 150 18 91 110,00
! t с о м  040 os 32 14,00 В С Э М  110 33 84 85,09 В В О Ю  130 21 91 30.00

В COK w o  C t 32 14,00 В С О Ю  П О  37 84 20.00 В Ю 1 0  130 22 91 46,09
! в eoic 040 io 32 25,00 в е с м  н о  38 84 20,00 В С О М  139 23 91 190,00
i B F010 040 12 32 27,00 В 8010 110 42 85 110,09 В ВОЮ 139 24 91 23,К
î В В О Ю  ООО 13 32 <3,00 В 8010 110 51 79 6,10 В Е О Ю  130 25 91 24,С-0
J в aoic 0.40 м 32 15,00 В е о ю  110 54 86 90,00 В 8010 130 26 91 16,00
i P Б О Ю  040 15 32 34,00 в е о ю  110 55 86 79,00 В В О Ю  130 27 91 по,со
! B fVO 070 32 54 6,20 В Б О М  П О  57 86 57,00 В C O M  13С 28 91 17,09
i B O I  0 070 33 5-1 6,20 В ВЭ10 110 53 86 31,00 В В О Ю  130 29 91 гз.ео

В Е Л О  СТО 34 54 6,20 В В С Ю  П О  59 87 41,00 В В С Ю  130 30 91 25,00
j В tT'lO 070 35 54 6,20 В 8 0 М  Н О  62 86 33,00 В 6010 130 31 92 160,00
i В С О М  070 34 54 6,20 В В О Ю  Н О  ¿3 86 39,00 Б 6010 130 32 92 180,00

Б РСК С70 37 54 6,20 В Е О М  Н О  ¿5 88 220,00 В В С Ю  130 33 92 ¿0,00
В Р Э Ю  070 33 54 6,20 В Р Э М  П О  ¿6 68 35,00 В Б О Ю  130 34 92 63,03
В Ы 1 0  070 3? 54 6,90 В 6010 П О  67 88 74,00 в е о ю  п о  35 92 9,90
В В Т О  070 40 54 6,90 В С О М  П О  69 88 74,00 В В О Ю  139 36 92 63,00
в е л о  о?о <i 54 6,90 В 6910 Н О  69 87 96,00 В ЕС10 139 37 92 60,00

j В С М С  070 42 54 6,90 В Б О М  П О  71 79 12.700,00 В 8010 130 41 91 34,00
i В Е Л О  070 43 54 6,90 В С О М  П О  73 86 38,00 В 6010 130 42 91 23,00
! В СОЮ 070 44 54 6,90 В К М  П О  75 86 14,00 В 6010 130 53 92 156,СО

В М М  070 <5 54 6,90 В БЭ10 Н О  76 86 53,00 В 8010 130 54 92 91,СО
В Р О Ю  070 44 54 6,90 В 8010 П О  86 89 9,90 В 8010 130 62 92 39,00
В В О Ю  070 47 54 6,90 В 8010 Н О  88 89 7,10 В 8010 130 63 92 30,00
В ЕС 10 070 4? 54 33,00 В В С Ю  П О  89 89 26,00 В 8010 130 64 93 35,00
В В О Ю  070 50 54 14,00 В К 1 0  П О  90 89 <6,00 В 6910 130 65 93 16,со

i В С О М  070 51 54 49,00 В С О М  П О  92 ее 22,00 В Ю М  130 67 93 20,00
i. В Р О Ю  070 52 54 ЕУ4 REQUEST В С Э М  П О  95 89 200,00 В B O M  13С 68 92 24,03
4 В 0010 070 59 53 5,30 В 8010 111 01 66 35,СО В 6010 130 69 92 39,00
1 В 6010 070 60 53 11,00 В С Э М  111 10 es 20, СО В 8019 130 71 92 23,СО
i В СПС С70 45 53 7,00 В 8010 111 13 67 110,09 В № 1 0  130 73 92 37,К,
i в е с ю  070 ез 54 7,50 Î В С Ю  111 30 81 15.400,ОЭ В 6010 130 74 92 37,00
j В С-ЛО 070 £4 54 14,00 В Б О М  111 31 и 610,00 В 8010 130 75 92 31,№
i в е л  с 07С ез 54 31,00 В С Э М  111 32 82 170,00 в е с ю  130 76 92 25,00
i в еою 07С я 56 22,00 В В О Ю  Ш  35 62 49,00 В 8010 130 77 92 16,00

B 6 0 М  070 93 56 64,00 В Р Э Ю  111 36 62 49,00 В 6010 130 7S 92 23,00
В В О Ю  070 97 56 95,00 В 8 Э Ю  111 37 88 339,00 В 8010 130 79 92 7,10

i В 8010 071 СО 55 30,00 В 8 С Ю  111 38 е в 47,00 В № 1 0  130 81 92 17,00
í В С О М  071 0. 55 2,30 В в О Ю  П 1  60 87 2.700,00 В 8010 130 К 92 29,ОЭ
\ В В О Ю  071 05 55 2,30 В 8010 111 61 87 3.300,00 В № 1 0  130 84 92 29,00
3 В 6010 071 14 55 52,00 в е о ю  i n  ¿ 2 87 3.790,00 В Ю М  130 87 92 29,00
j В С Э М  072 21 96 750,00 в 6910 Ш  63 87 4.100,00 В № 1 0  139 es 92 62,00
3 В 8010 072 24 96 200,00 В С О Ю  111 64 67 4.900,00 В № 1 0  130 69 92 17,00
i В С О Ю  072 23 86 910,00 В 6 0 Ю  111 65 67 7.600,00 В № 1 0  130 90 92 18,00
i В 8510 072 29 96 750,00 в е о ю  i n  ¿6 87 8.200,00 В № 1 0  130 91 92 17,00
¿ В С О Ю  077 76 96 7,10 В В О Ю  И З  01 79 3.600,00 В № 1 0  130 92 92 17,00
1 В 8010 078 Б7 52 210,00 В 8010 113 37 68 330,00 В № 1 0  130 93 92 58,00
1 В В О Ю  C0O 06 57 250,00 в е о ю  п з  71 79 12.790,00 В 8910 130 94 92 29,00
1 в foie eoo OC 57 15,00 В 6010 120 08 74 120,00 В 8010 130 95 92 78,00
j В с-0 10 coo о» 57 17,00 В 8010 120 09 74 120,00 В № 1 0  130 96 92 120,09

В D01C OSO И 57 129,00 в е о ю  1 2 0  и 74 230,00 В ВОЮ 130 9 7 93 59,00
i в к м  cao 14 58 760,00 В 8 0 М  120 12 74 15,00 В 8010 130 98 93 30,00
0 В К М  030 21 59 28,00 В К Ю  120 13 74 ¿r¿0 В 8010 130 99 93 22,00
j В Ю М  020 22 58 16,00 В В о ю  120 16 74 29.00 В 8010 131 И 93 32,0-0
i В Е Л О  030 23 57 270,00 В е о ю  120 18 74 6,00 В 8010 131 12 93 26,00
*
i В С О М  С00 25 57 210,00 В Ю 1 0  120 19 75 3,30 В 8010 131 13 93 21,00
f
i В K M  CVO 01 5.5(4,00 В СС10 120 20 76 17,00 В № 1 0  131 14 93 54,00
¡ В С О М  070 10 6>5Э0,00 В Ю М  120 21 74 13,00 В № 1 0  131 17 93 16,00
i В В О Ю  100 06 22 650,00 В 80 М  120 25 75 9,90 В № 1 0  131 18 93 55,00
J в е л о  m o  о? 23 310,00 В Р О М  120 26 76 1.700,00 В 6010 131 19 93 83,00
! В 8010 10Э 03 22 ¿4,00 В С91С 120 27 74 23,00 В 8010 131 20 93 44,00
} в есю ю о  1 2 17 В,30 В Б О Ю  120 36 76 ¿70,00 В № 1 0  12! 21 93 37,00
! В Ю М  100 14 17 11,00 В С О М  120 36 74 47,00 В С О М  131 22 93 49,00
♦ В В О Ю  М О  15 17 e ,со В Р Э Ю  120 49 75 6,20 В 6С10 131 23 93 34,00

В С О Ю  100 16 17 6,60 В С О М  120 50 75 6,20 В е о ю  131 24 93 26,00
, В Р О М  У.О  )? 24 570,00 В К Т О  130 01 91 17,00 В 6910 131 25 93 65,00
Î В се ю  1 «  22 93 21,00 В Р О М  130 02 91 30,00 В Б О Ю  131 26 93 30,00
I В Б О М  103 17 24 570,00 В С Э М  130 03 91 20,00 В В О Ю  131 27 97 37, (-0

В В О Ю  110 01 79 3.600,00 В Б О М  130 04 91 N0 Naît AVAUAB В Ю М  131 28 93 53,СО

ь



PART-NUMl'CM PAGE CAT. T R 'C f SFR PART-NUW9FR PAGE CAT. PRICE S í  R PART-NUMBER PAGE CAT. FKICE 5FM

E be;O 131 2? 93 2 3 ,« F 8010 KO 53 105 150,00 F 801СГ161 57 104 6-2,00
E всю i? i ?i 93 47*00 F 6010 KO 5< ic:; 150,03 F е ю  161 58 104 С д *
i* ?ою 13¿ 93 30*00 F 6010 160 ¿0 23 5 » ,  00 J  F 6510 161 59 104
E £310 КО 1? 99 19,03 F 8010 160 61 114 42,00 F 6010 161 60 104 4 0 ,«
Е СОЮ 140 Id 99 11,00 F 801C K-j 62 114 9,90 F №10 161 6! 104 4V V
E №!G ¡40 IE 79 28,00 P 6010 КС ¿3 101 13.835,00 B 8010 161 62 104 37.C-;.
F СОЮ 140 И 98 93, K F 6010 KO 64 101 14.103,0-3 F №10 161 63 104 3 7 t jO
£ cviO î-iO l ì 97 ’y , OC- F ВОЮ KO 65 101 14.400,00 F 8310 K l  64 104
i  пою 140 ?:• 99 17,00 F 6510 160 66 101 14.40-3,00 F 8010 161 65 104 37,Cv
1 СОЮ 140 23 99 ! ? . '» F 8C10 16C 6? 101 350, OC F 8C-1C 161 66 104 37. 0
E КЮ КС 24 99 31, tO F ВОЮ KO 64 ICI 200,00 F E010 161 67 104 37, «
1 6010 140 2Й 99 33,00 F 80)0 167 ¿9 101 670,00 F 8010 K l 65 104 110,33
Ь 8010 140 26 99 29,00 F вою 160 e 18 51,00 F 8010 161 69 104 70, M
[• СОЮ 140 2? 103 3--I.00 F 8010 KO 81 18 183,09 F 8010 K l 70 104 55,00
F 6010 140 2¿ ЮЗ 35,00* F 8010 KO 82 19 290,00 F 8010 161 71 104 55, «•
Ь £010 140 31 103 33,0-0 F 8010 KO 84 21 72,00 F 8010 loi 72 1C4 51.C-3
£ Eu 1C 140 З.1 103 34,00 F BÙIO KO 8i 54 11,00 F 8510 K l  73 104 51,33
F СОЮ 140 33 103 34*00 P 8010 K  O 07 18 27,00 F 8010 161 74 104 130,33
Е 6010 140 34 104 38,00 F MIO 16» SS 16 35,00 F S010 161 75 104 84,03
Е 6010 140 35 103 34,0*0 F 8010 KO 90 18 26,00 F №10 161 76 104 62,00
F 60Ю 140 7л iO-'i 38,00 F 6010 KO 91 101 5,00 P 8010 161 77 104 62» 00
F 6010 140 39 114 6.20*01 CO F 8010 KO 94 19 72,00 F 8010 161 78 104 55, Cv
F е ю  140 40 114 Or- FfCICST P 8010 KO 95 19 72,03 F 8010 161 79 104 55, OC
в еою н о  41 114 Or* Hf.-JTÎT F 8010 K l  00 103 230,00 F 8010 161 80 KM 160,OC-
F К1С КО 43 114 £W FS5Ú15T F 8010 K l  01 103 230,00 F 8010 161 81 104 70, OC
F 6010 140 <3 114 M EEPJEST F 801C 161 02 103 200,00 F 8010 161 62 104 <2,00
E 601С 140 44 53 520,0*0 F 6010 161 03 103 99,00 F №10 161 83 104 43.CC
F eOfO НО 45 53 470,00 F 8010 K l  0*4 103 85,00 F 8010 K l 84 104 42,33
ь е ю  н о  4/, 12 600,0-0 F 8010 K l  05 103 70,00 F 8310 161 es 104 51,00
F 601С КО 47 12 42.00 F 8010 161 06 103 51,00 F 6310 161 86 104 190,33
F WW 140 42 1H 3.200*, CO F 8010 K l 07 103 51,00 F 8010 161 87 104 140,00
F 6010 140 75 99 34,0*0 F №10 161 08 103 51,09 8 8010 161 88 104 57,00
F 8010 140 7¿ 99 6,90 F 8010 161 09 103 230,00 F 8010 K l  89 104 37,00
F е ю  НО 77 99 41,00 B BG10 K l  10 103 190,00 B 8310 161 90 104 37,00
1  £&30 КО 70 99 31,00 F №10 161 11 103 85.00 F 8310 16! 91 104 ' 37,00
F е ю  140 91 99 330,00 F №10 161 12 103 70,00 F 8010 161 92 104 42,00
F е ю  н о  к 99 6,50 F 8010 K l 13 103 57,00 F 6010 K l 93 104 67,00
F ВОЮ КО 97 99 6,20 F №10 161 14 103 42,00 F eC-10 161 94 104 51,33
t  t m <  145 5? 97 e , o o F ВОЮ Ш  15 103 42, OP V №10 161 95 104 3 5 ,0 0
F 6010 HO 99 99 6,20 F №10 161 K 103 42,0-0 F 8010 161 96 104 35,05
F 8010 141 Cl 104 38,00 F 8010 l,; 1 17 103 42,00 F №10 Ici 97 104 ?4,C3
F 6010 141 02 104 33,00 F №10 161 18 103 51,00 F 8010 161 93 104 34,35
F 6010 K l  03 104 з е с о F 8010 161 19 103 51,00 F №10 161 99 104 31,00
F 6010 141 04 104 38,00 F 8010 161 20 103 110,00 F 8010 162 03 104 31,03
F 6010 141 05 104 38,00 F 8010 161 21 103 57,00 F 8010 162 Cl 104 31,00
F 6010 H I 06 104 33,00 F №10 161 22 103 54,00 F 8010 162 02 104 33,35
î  е ю  к о  « 103 97.00 F 8010 K l  23 103 39,00 F №10 162 03 104 33,00
F 6010 160 01 103 67,00 F 8010 K l  24 103 37,00 F 8010 162 04 104 ¿8,00
F 60Ю KO 0? 103 4?, 00 F 8010 161 25 103 37,00 8 №10 162 05 104 40,00
F 8010 KO 03 103 43,00 F 8010 161 26 103 33,00 B №10 162 06 104 39,00
F 0010 160 04 103 43,00 F 8010 K l  27 103 33,00 F 8510 162 07 104 39,00
F 6510 KO 03 103 42,00 F №10 K l  2e 103 33,00 B 8010 162 08 104 37,00
F 6010 160 04 103 <2,00 F №10 K l  29 103 33,00 F 8010 162 09 104 37,00
F 6010 160 07 103 42,00 F №10 161 30 103 35,00 F №10 162 10 104 35,00
F е ю  к о  os 103 42,00 F №10 K l  31 103 35,00 F №10 162 U 104 35,00
F 8010 160 09 103 42,00 F №10 161 32 103 130,00 F №10 162 12 104 35,00
F 6010 169 11 103 42,00 F 6010 161 33 103 • 68,00 F №10 162 13 104 35,00
F 6 3 Ю 160 12 103 42,00 B 8010 K l 34 104 47,00 F №10 162 14 104 37,00
F 8016 160 14 103 42,00 F еою 161 35 103 47,00 F №10 162 15 104 88,05
! C510 140 15 104 4?, 0-0 F 8010 K l  36 104 40,00 F 6310 16? K 104 65,00
E MIO KO 14 104 42,00 F СОЮ 161 37 103 33,00 F №10 162 17 104 59,00
F 6010 KO 17 104 42,00 F №10 161 38 104 39,00 В БОЮ 162 18 104 59,00
F ВОЮ 140 1F 104 42,00 F 6010 161 3? 104 39,00 B №10 162 19 104 58,00
E e: 10 KO 19 104 40,00 F №10 K l 40 104 39,00 F №10 162 20 104 59,00
F e-JlO KO 50 104 40,00 F №10 161 4! 103 34,00 F №10 162 21 104 110,00
F еою к о  2i 104 40,00 F №10 161 42 104 40,00 F №10 162 22 104 66,00
F e ; :  KO 22 104 45,00 F №10 161 43 105 35,00 F №10 162 23 104 46,00
E K 10 KO 23 104 40,00 B bOlO K l 44 103 130,05 F БОЮ 162 24 104 '  46,00
E 6310 KO 24 104 40,00 B 8010 K l  45 103 73,00 F 8010 162 25 104 44,00
1 60Ю K-Î 31 105 170,00 F 6910 K l  46 103 70,00 F 8010 16? 26 104 44,00
F 5 ! î  143 32 105 120,00 F №10 K l 47 103 41,00 B №10 162 27 104 51,00
t е ю  к.'- 33 105 120,00* F №10 K l  4S 103 41,00 F C010 16? 28 104 37,00
r t.!-* KO 54 105 120,05 F 8010 K l 49 103 40,00 F 8010 162 ?9 104 37,00
E Г 15 КС 35 103 120,00 F П01С 161 50 103 40,00 F 8010 162 30 104 57,00
• :.-*■■ KO 34 105 120,05 F 8510 161 51 103 40,00 F MIO 162 31 104 44,00
»• u -о i\ 105 120,00 F №10 K l 52 103 34,03 F C310 162 32 104 44,00
1 - ::•:* ko  42 Юз 120,0-5 F СОЮ K l 53 103 34,00 F №10 162 33 104 70, M
E :- K .1 43 103 17.5,00 F 80)0 K ! 54 103 35,00 t 8010 162 34 104 74,00
' - ; j - : 105 12-5,00 F MK- 161 55 10? 35,00 E 8310 162 35 104 74,00
i i \ b ï 103 1M.C0 F 5010 K l 56 104 90,00 8 ВОЮ 1 <62: 7,6 104 76,1-0



t  PO’O li2  37 104 43,CO
B « ¡ 0  14? 73 104 39,00
It C3!0 U ?  3» 114 37,0?
fc 6010 162 AO K-4 37,03
P WK> 167 41 104 37,00
1 53 ¡0 I t ?  42 104 38,00
B E lio  163 60 23 550,CC*
» p : io  ;?:  c i 107 14, t *
i  eoio 170 c ; 106 15,00*
B E010 17? 04 103 9,40
fc £ 010 !?;  Co 106 7,60
L E010 170 C7 109 E,Ej

S 8010 170 Oc, 109 3,10
î  C010 170 10 10? 12,00
B 6019 170 11 107 24,00
B W iO 170 12 107 3;,co
B 6010 170 12 106 5,60
P « 1 0  ¡70 IE 107 5,00
I  eo;c i7o h 137 8, CO
F 0010 170 !7 107 7,10
I CO10 170 19 107 7,10
E: 6110 1-0 20 107 5,63
1 fcOK 171 2! 107 9,70
fc COiO 170 22 107 3,50
fc t i l t  170 23 107 6,90
fc 6010 170 24 107 4,20
P 6010 170 27 103 6,45
P 631C 170 2C 1C? 6,40
P C91C 170 30 105 9,50
P GÎ10 170 31 106 12,00
P 6010 170 22 106 12,00
*  eoio 170 33 106 660,00
fc 6010 I7C 35 106 28,00
P EOIO 170 37 10£ 22,00
P C010 370 30 104 25,00
fc 8010 170 40 107 S,50
I  K ! 0  1 70 42 103 32,00
P C01C 170 43 103 16,30
P EOIO 170 44 103 16,05
fc 6010 170 45 109 5,20
fc EOIO 170 47 1C7 200, CO
P COIO 170 5? 104 365,00
P EOIO 170 54 106 1.200,00
P 6010 170 55 106 1.105,00
P P01C 173 33 106 660,05
I  P010 173 53 106 380,00
fc 6010 173 55 106 1.100,09
fc eoio leo i s 111 650,00
fc 6010 ICO 16 112 21,00
fc eoio i6o i7 112 9,90
fc eoio leo 20 112 230,03
fc 8010 liO  22 113 13,00
fc eoio ice 23 113 11,00
> eoio iso  24 113 13,00
fc eoio 160 25 113 8,30
fc eoio ico 27 112 17,00
fc eoio ico îé 117 35,00
fc eoio iso  39 t i l 77,00
fc 6-010 I K  40 111 57,CO
fc 6010 ISO 41 113 4,eo
fc 6010 ISO 42 113 5,eo
fc 6010 ISO 43 111 260,00
fc 6010 ISO 44 112 120,00
fc 6010 I t :  45 112 48,00
P COIO 160 46 112 25,00
fc eoio iso  as 112 25,00
fc £010 183 49 112 25,00
P 8010 180 50 113 25,00
p eoio i£o s i 113 25,00
P C.'IC ICO 52 113 25,00
P K ’10 150 53 112 770,00
fc t ::c  iso- 57 110 760,00
P PolO 131 71 113 15,CO
fc G43I C?1 43 500,00
i  e n i  C54 49 370,05

BB...
FB G02 753 35 BU 097 200 -7
BP FOI 500 37 25.200,00
BP F*01 510 38 26.700,00
Pi PCI 511 69 32.200,00
fcfc P01 520 3S 29.90*0,00
BP P01 521 33 31.60*0,00
BB P01 522 38 30.600,00
BP Pvl 523 39 33.700,00
fcfc F*C1 526 69 37.600,00
P3 P02 005 61 61.700,00
fcfc F"02 001 62.500,00
PB PC2 0*53 61 72.700,00
fcfc F02 004 73.300,00
fc3 P02 006 6! OH ÎÎ0JES7
PB P02 250 71 10.100,00
fc? P02 251 ¿0.100,00
PP P02 500 59 45.500,00
BP 113 142 -1 72 6,30
fcfc 113 142 -2 72 6,30
BB 113 375 HI 75 370,00
fcfc 146 034 -T 36 ON PZQJ6ST
fcfc 146 005 -T 36 230,00
IB 146 006 -T fcB 146 555 -7
BB 146 007 -T 51 510.00
Bit 146 099 -1 51 17.500,00
Pfc 146 00? -T 52 86, OC
tB 146 o ; o  -T 52 170,00
PB 146 Oil -T 52 190,00
IB 146 012 -T 52 190,00
fcfc 146 013 -T 52 6,900,OC
fcfc 146 014 -T 52 6.900,00
IP 146 015 -T 52 7.300,00
ÏB 146 016 -T 52 7.300,00
PF 146 017 -T 35 7.400,00
fcfc 146 022 -T 343,00
ES 146 024 -7 290,00
PB 146 028 -7 290,00
PB 146 036 -7 95,00
PB 146 063 -7 57,00
BB 146 070 -7 970,00
PB 146 071 -T 510,00
PS 146 098 -7 1.100,00
PB 146 145 -7 310,00
BB 146 161 -7 500,00
BB 146 225 -7 530,00
fcfc 146 226 -7 950,00
fcfc 146 270 -7 300,00
PB 146 273 -7 260,00
BB 146 517 -7 ON REQUEST
fcfc 146 51B -7 ON FEWEST
BS 146 519 -7 on r e u u e s t

BP 146 520 -T 360,00
fcfc 146 521 -T 390,00
PB 146 540 -7 3.700,00
fcfc 146 555 -7 ON P t» EST
fcB 146 564 -7 2.103,00
fcfc 146 570 -7 ON REBUEST
fcfc 163 006 -7 35 ON FFOUEST
PB 172 039 -7 67 3.900,00
fcfc 172 043 -U 63 fcB 146 521 -T
PB 172 049 -W 67 2.030,00
EU 172 050 -7 64 1.100,00
fcfc 172 CS6 -ü 230,00
fcfc 172 053 HJ 450,00
fcfc 172 065 -X 163,00
IB 172 074 - f i 23,00
PB 172 075 -7 65 593,00
t*B 172 076 -7 67 1,804,00
IP 172 073 -7 2*90,00
BB 172 093 -7 50 770,00
BD 172 103 -7 36 PB 144 564 -T
fcB 172 104 -7 36 2.000,03
PB 172 110 -7 67 783,CO
BB 172 135 -7 64 2.200,00
BB 172 137 -7 580,00

BP 173P133 -T 65 753,00
PB 172 143 -7 45 170.00
fcfc 172 160 -7 ¿3 220.33
fcB 172 178 -T 45 603,0.*
fcB 172 194 -R . 23,03
P? 172 202 -T 63 653, «
PB 172 218 -X 140,00
P? 172'221 -T 63 470,02
PP 172 222 -T ¿3 S.OTO.M
fcfc 172 223 -T 62 B.Sv.v,00
PS 172 224 -T 64 1.3*30,00
PB 172 225 -T 63 î.eoo.eo
PB 172 226 -T 62 5 .50? ,CO
PB 172 227 -T 64 600,00
PB 172 228 -T 63 9.003,00
S3 172 231 HI ¿4 1.600,03
fcP 172 232 -T 64 5. ICC,00
PP 172 233 -T ¿6 503,03
PB 172 360 -T 62 16.900,0*3
PP 172 490 -T 63 1.903,0?
BP 172 490 -7 63 BG H79 250
PP 172 491 -T 64 P! 144 014 -7
fcfc 172 4?2 -T 64 BB 144 Cil5 -T
PP 172 493 HI 68 953,03
PB 172 494 -T 70 14.400,00
PB 172 495 73 13,00
PB 172 496 -T ON FIS'XST
PB 172 497 -T 70 6.900,00
BP 172 518 -T 250,00
IP 172 522 -T 230,00
PP 172 524 -T 260,0*3
PP 172 550 -T 63 6.100,00
PB 172 501 -T 66 1.200,00
PP- 172 535 -T 51 230,03
fcB 172 590 -W 63 ■ Pfc 144 161 -T
PB 172 ¿12 -T 62 37",03
PP 172 626 -T 36 1.100,00
BB 172 635 -T 5! 510,03
PB 172 686 -T 64 2.70*0,CO
PP 172 704 -T 1.100,00
BE 172 7E1 -T 203,00
fcB 172 825 -T 63 7.eoc,c?
PB 172 £30 -T 60 1.103,05
PB 172 909 -T 60 49*0,03
BB 172 911 -T ON REFJESÏ
PB 172 914 -T 60 2.600,00
fcB 172 917 -T 60 4 .0 X .0 0
fcfc 172 935 -7 60 1.500,09
BB 176 036 -T 34?,00
fcB 176 041 -T 68 fcfc 146 016 -T
BB 176 042 -7 63 17.900,03
PB 176 046 -7 ¿9 350,00
PD 176 090 -T ¿5 190,00
BB 176 114 -T 66 17.400,00
PE 176 751 -T SI 480,00
B6 176 290 75 49,00
BP 176 292 -T 70 750,00
PB 176 293 -T 70 1.500,00
PB 176 ??4 -W 65 240,05
PB 176 296 HI 51 540,03
PB 176 293 73 12,00
IB 176 300 -T 62 470,00
PB 176 301 -T 66 1.900,09
BB 176 332 -T 66 2.100,00
BP 176 303 -T 67 5.900,03
18 176 423 -7 75 52,00
fcfc 176 440 -T 62 18.300,00
PB 176 442 -T 62 2 .300 ,CO
BB 176 585 -.T 41 230,00
PE 176 570 -T 50 720,00
BB 176 600 -T 63 1.200,00
PB 176 ¿10 -T 67Q.00
IB 176 694 -W ¿8 6.600,00
PS 174 727 -U 35 2VO.CO
Est 176 731 35 3?,CC
SS 176 743 -X 36 130,04*
Mi 176 746 -X 36 i3o,c*3
PS 176 749 -X 36 179,00
l it 174 752 -T 3-4 640, C*v

PA H T-N U ^ G Er PA CT C A T . PR IC E  S r h PART-M UM PER P A G E C A T . P R IC E  S F R  PA RT-N U M BER  PA G E C A T . P R IC E  5 PR

7



co
'c

c
v

ï

“Э
73
О
m
"TI

О

}
i
t\
¡

I[l(
i
í

í

í

r
i
♦

»:í1
i
t
I
»tj)

I
ítí

í
}i
»

iti



PART-MJiV.BFR PA G I CAT PRICE: SCI! PART-NU J!tîER PAGE CAT. PRICE SFR PART-NUMBER PAGE CAT. PRICE SFR

R P eu cou 007 - t 32 21ÍOO R' 007.129 -T 96 870,00D !  . . . feu COi OU -T 32 63,00 RJ 0 3 7 /1 4 3  -T 52 730,00
FJ 006 017 -7 32 ■ 91,00 KJ 007 144 -T 52 733,00
BU 006 019 -7 32 640,00 ta 007 145 -T 510.M
KJ CC-4 C20 -T 32 91,00 f  RJ 007 150 -T 95 № K.QUE.ST

V? KM TM 62 6ЙО1ОО BU COA 021 -T 33 75,00 BU CO? 151 -T , 95 CK fttOXST[.? IrV, 753 77 590,00 BU 004 072 -T 33 2 2 0 ,0 0 RJ 007 152 -T 95 123,00№ ГС-4 531 5? 18.300,00 KJ COi 01*5 -T 34 560,00 R' 007 153 -T 95 640,Où
BP PC - 5u? 51? 24.900,00 BU 006 026 -T 33 580,00 Ri C07 155 -T 95 CW bECUEST
i  ' YÏ2 ZL-T 60 CW fcLÚ’AET BU 006 027 -7 33 33,00 FJ 007 156 -T 95 OK ftfW.Vt
1 ? VH ex'- 7é 71*0,OC BU 004 078 -T 33 52,00 KJ 007 157 -T 95 CW KEOLEST
l ?  213 ¿ i l  - î 620,00 BU 006 C29 33 13,00 R 1 007 158 -T 95 CW kcOiFs!
B” 213 950 -T 4.004,00 BU 004 03? -T *j4 170,00 EU 007 160 -T 96 2,600,00
CP 220 735 -X 030,Ce BU 006 03) -T 33 16,00 RJ 007 161 -T 49 20,30
fer 330 9?¿ -T 37 1.600,CO BU 006 032 -T 34 620,00 KJ 007 162 -T 96 1.300,00
IP 330 ¿77 -T 35 1.600,00 BU CW C33 -T 32 2 2 ,0 0 feU 007 163 -T 240,00
»  375 716 -T 77 ï ?  335 737 -7 PU COô C‘34 -T 32 90,00 RJ 007 164 -T 360,oo
CP 335 7C7 -T ON REÇUES! BU 006 C35 -7 32 24,00 EJ 03? 165 -T 3«0Q0r 00

BU 006 319 -T 32 640,00 BU 00? 170 -7 4? 4.900,00
BU 006 324 -7 33 580,00 KJ 00? 200 -T OK RESJ5ST
RJ 004 332 -U 34 620,00 KJ 007 222 96 55,00
KJ 007 001 -T 46 2.700,00 BU 00? 223 96 1 1 0 ,0 0

P I  ! KJ 007 002 - T 46 190,00 KJ 007 224 96 55.00
Ü U . . . BU 007 003 -T 46 610,00 EJ 007 227 96 55,00

BU 007 00' -7 46 1.700,00 RJ 007 250 -T 17.400,00
BU C07 C’.-5 -T 46 1.300,00 RJ 007 252 -T 910,00
BU 007 004 -T 47 1.300,00 BU 007 254 -T 1 . 10 0 ,0 0

RI 003 C24 -ft 14 11 0 ,0 0 BU 007 0-07 -7 47 1.930,00 BJ 00? 255 -T 1 . 2 0 0 ,0 0
R' 003 025 -7 14 110 ,00 BU 007 008 -7 47 22 0 ,0 0 R) 007 257 -T 639,00
feU CÎ3 026 -T 15 300,00 RI C0‘ 009 -7 47 520,00 EU 007 258 -T B40.00
KJ 003 027 -T 23 310,00 BU 007 010 -T 48 t  8031 054 RJ 007 259 -T 14.200,00
tü 003 02S -T 23 343, CO KJ 007 011 -T 48 430,00 KJ 007 260 -T 6.700,00
RJ 003 C36 15 3é,co Ю 007 012 -T 47 1 . 10 0 .0 0 iU 007 271 -T 430,00
KJ 00?. 043 -T 17 9,70 K) 007 013 -T 47 860,00 RJ 007 273 -T 1 . 1 0 0 ,0 0
RJ 003 044 -T 17 9,70 RI 007 014 -T 47 1.600,00 BU 007 274 -T 690,M
KJ 003 043 -T 17 9,70 RJ 007 015 -T 47 1.7W .00 RJ 007 280 HJ ( 2 . 0 0 0 ,0 0
KJ 003 0¿3 20 16,00 KJ 007 016 -T 48 3.500,00 RJ 007 2Ç1 -T 690,00
tu 003 m  -7 20 16,00 BU C07 017 -7 48 420,00 KJ 007 282 -T 350,00
r i c-:-3 m  -X 20 130,00 RI 007 01Э -T 48 № KÇDJEST BU 007 263 -T 450,00
RJ C03 071 -T 20 33,00 RJ 007 021 -T 48 550,00 BU 007 284 -7 190,00
fell « 3  077 -T 22 130,00 KJ C07 053 -T 52 7.100-00 feü 00? 235 -T 160,00
feu 053 ce? -7 22 39,03 Kl 007 C54 -T 52 7.100,00 M? 286 -7 2.300,00
su oo? с :?  -X 18 43,0-0 RJ 007 055 -7 52 6.700,00 KJ 001 -7 57 14,00
RJ 023 07* -7 20 71,(.0 RJ 007 061 -T • 53 9,80 ' 008 002 -T 57 25,00
R) 003 ОТО -7 23 27,00 KJ 007 062 -T 53 9,80 J 0C3 004 -T 57 6 ,DO
RJ C03 099 -T 23 5,60 RJ 007 043 -T 53 9,80 Л  008 007 -7 57 23,00
RJ 003 100 -7 23 5,60 EU 007 064 -T 53 41,00 feu 008 013 -7 300,00
KJ 003 101 -T 23 5,60 RJ 007 044 -T 53 46,00 KJ 008 015 -T 540,00
RI 0C3 104 -fi 14 39,00 KJ 007 067 -T 53 7,30 ta  осе 016  - t 550,OO
RJ 003 105 -T 23 360, M Ш 007 068 -7 53 2,50 KJ 006 017 -T 57 72,00
RJ 003 l ié  -7 15 8,50 RJ « 7  069 -T S3 23,00 RJ 008 019 -T 58 2 1 ,0 0
RJ 003 121 -T 19 120 ,00 BU 007 070 -1 53 34,00 BU 008 020 -T 58 6,69
KJ 003 122 -T 19 430,00 BU 007 071 -T 53 45,00 BU 010 021 -T 93 4,40
RJ 003 124 -T 24 140,00 feU 007 072 -T 53 46,00 KJ OU 006 -T 79 17,00
RJ 003 146 -7 24 79,00 RJ 007 073 -T 53 13,00 RJ OU 010 -T 83 31,00
KJ C03 151 -T 20 26,00 BU 007 074 - T S3 34.00 BU OU 013 -T 80 970,00
KJ 003 161 -T 250,00 BU 007 075 -T S3 43,00 tu OU 014 -T 80 1 1 ,0 0
KJ 003 162 -T 290,03 BU 007 076 -T 53 64,00 tu OU OIE -T 80 2 . 10 0 ,0 0
RJ 003 326 -7 15 300,CO BU 007 C77 -7 S3 19,00 tu OU 016 -7 80 47,00
RJ 003 327 -7 23 310,00 BU 007 070 -T 53 3,10 K! OU 017 -T 80 1 2 ,0 0
RI 003 320 -7 23 340,00 Kl 007 079 -T 55 79,00 feU OU 019 -T 88 7,10
R' 004 021 -T 26 1.500,00 RJ 007 081 - î 56 45,00 BU OU 027 -7 81 3.100,00
feü 004 C23 -7 25 570,0? R) 007 090 56 9,30 R) OU 024 -7 83 15,00
Ri 004 32J -T 26 1.500,00 BU 007 J01 -T 55 29,00 RJ OU 025 -7 83 15,00
RI 005 016 -T 29 7,50 BU 007 102 -T 54 16,00 BU 011 026 -7 83 15,00
tu 005 017 -T 29 7,50 BU 007 104 -7 54 15,00 IU OU 027 -T 84 15,00
KJ 005 010 - t 29 8 ,1 0 BU 007 107 -T 55 62,00 tU OU 028 -T 84 9,90
RI 005 0i9 -T 29 8 ,1 0 BU 007 110 -T 46 150,00 RJ OU 029 -7 84 9,90
FJ 005 020 -T 29 8 ,1 0 BU 007 Ш  -T 46 660,00 MJ OU 030 -T 84 9,90
RJ C05 071 -T 29 e ,io FU 007 112 46 340,00 RJ OU 031 -T" 84 9,90
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Preparation 
and analysis of bulk specimens 

and tSiin films using 
the universal ion beam etching 
device IEU 100 from BALZERS

Short summary: 1. Introduction:

Using the IE U  100 areas of-specimens 
-  measuring from several m icrons can be
1 thinned to a thickness that allows trans-
■ mission, and surfaces of several milli

meters diameter can be evenly and uni
form ly etched for analysis in the elec-

C tron microscope (TEM  and SEW  as well 
)  a sT S E M ). (In addition, b y  recording the 

’  current of the secondary ions and/or the 
,  intensity of the excited photons, both

of which originate at the bottom of etch 
j  pits, com pounds can be analyzed). E le 

ment analysis in the electron microsope 
can be supplemented by continuously  

ì  recording the sign?! intensity of indivi-
dual elements, and thus in-depth con
centration profiles w ith high in-depth 
resolution? (som etim es better than 
5 nm) can be obtained. Certain signal 

j changes in the concentration profile can
be attributed to changes in the structure 
and the crystal structure. All results for 

; bulk specimens and light transparent
J  films can be supplemented by an ana

lysis of U V  or IR  absorption spectra.

nL i

n

y

A  survey in table form  of all the investi
gation possibilities w ith the combined  
use of the complete electron microscope

O analytical equipment (TEM  and SEM  or 
T5EM ) and the IE U  100 shows that a 
comprehensive set of inform ation on 
elements, structure and crystal structure 
in bulk specimens or their gradients in 
surface layers can be obtained.
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Because of ion beam etching, investiga
tions w ith the electron microscope of 
the structure and crystal structure of 
bulk specimens and thin surface films 
and coatings is made possible for speci
mens that could not be prepared for the 
electron microscope by any other 
method (such as liquid etching or cut
ting). Ion beam etching produces sur
faces w ithout any contam ination or 
redeposition. Inform ation about the 
structure can be gained from  the etch
ing. Inform ation on grain boundaries, 
phase separation, and other phenomena 
can be taken d irectly from  the contrasts 
of the secondary signals in scanning 
electron m icroscope (SEM ). The  replicas 
from transmission electron microscopy  
(T EM ) make these features visible. Com 
pare (1) — (5) and the papers quoted.

A  focussed ion beam can even produce 
electron transparent thinned specimens 
of especially brittle material such as 
oxide ceram ics and different types of 
glass (6) — (9) which can then be stu
died in the transm ission electron micro
scope. Beyond this, inform ation on the 
crystal structure of these thinned speci
mens can be obtained from electron  
diffraction patterns (2) — (4), (6) -  (9). 
When there is no data available on the 
elements present in the sample to back 
up the results of the electron diffraction  
patterns, for exam ple, the data can be 
obtained by energy dispersive X-ray png- 
lysis (ED S ) or wavelength dispersive . 
ray spectroscopy UVDS). Appropriate  
accessory devices are available for most 
scanning and transmission electron  
microscopes. Detection of elements 
with atom ic numbers Z  <  10 is d ifficult 
and sometimes impossible using energy 
dispersive or wavelength dispersive ana
lysis (5) (10). In m any cases electron  
microscopes are not equipped for the 
connection of an Auger electron spec
trometer to identify the lighter ele
ments. Then it is advantageous to have 
other element analysis methods avail
able such as secondary ion mass spectro
m etry (11) -  (13) or spectrochemical 
analysis (14) (compare 15), in addition  
to electron microscopy. A t the same 
tim e there is the possibility of concen

tration analysis of surface profiles, 
w hich is often necessary in material ana
lysis to clarify  the construction o f thin  
surface layers or diffusion and interdif
fusion processes on surfaces and in mul
tilayer systems, (compare, for example, 
(15) — (18).) Installation of these de
vices in the electron microscope is pos
sible and sometimes unavoidable ir. 
order to carry out additional analyses in 
situ (compare also (15) — ( IS ) .)  If, how
ever, ion etching must be frequently 
used, for example in concentration pro
file  analysis, installation of the etching  
device in the microscope can be disad
vantageous because the area around the 
specimen sputtered by the ion beam be
com es co3tcd with the specimen m ate  
rial. In addition, a concentration profile  
analysis in the electron microscope  
lim its the operation tim e for the ana
lysis w ith the electron microscope itself. 
Thus, it is advantageous to  have an 
additional instrument available which  
allows the specimen to be prepared for 
the electron m icroscope on the one 
hand and also allows the extension of 
material analysis possibilities with addi
tional analytical equipment on the 
other. Fo r this the construction of the 
equipment should be adapted to the re
quirem ents of the special application.

The  following w ill show how  these re
quirem ents are met by the B A L Z E R S  
Universal Ion Etching Device IE U  100  
because of its modular design which per
mits the system to be modified at any 
time. It will also be shown how  the 
application possibilities of this device 
can be combined w ith analysis in the 
electron microscope to obtain a com 
prehensive set of inform ation o n  bulk 
specimens and their surface layers and 
coatings.

I-1) r>№ c, [;E ifmoi 1



2. Design snr! Principle o f  Opera
tio n  o f  Ilia Ion Etching D evice  
IEU 100

Z 1  Vacuum  chamber and movement of 
the specimen

Fig. 1A  shows the design of the IE U  
100. Fig. IB  shows a view of the ion 
etching system w ithout the accessory 
equipment for profi'e analysis. An ion 
source is built into the upper part of a 
vertical cylindrical chamber colum n  
measuring 100 nm in diameter (DM 100 
ISO -K). From  this source an ion beam is 
extracted and aimed at the specimen 
lying below. The specimen is mounted 
on a specimen disk in the spherical 
specimen chamber which is held away 
from the colum n itself. The  specimen 
disk is mounted on a crosstable used as 
a specimen tabie which can be continu
ously rotated on its axis by a motor 
controlled from the outside. The speci
men cross-table and its mechanism are 
fixed to a DN 100 port and flanged 
vertically to the specimen chamber axis 
(Fig. 1). The crosstable can be manually 
turned 3 6 0 °  around the axis of the port 
in which the crosstable mechanism is 
fixed. Because the rotation around the 
axis of the specimen plate is indépen
dant from  that of its vertical axis, it is 
possible to adjust the angle of incidence 
of the ion beam to any desired value for 
the half-space above the specimen disk 
(upper side of the specimen). A n  addi
tional motor driven mechanism that can 
be controlled from the outside permits 
the specimen mounted on the electron  
microscope disk to be moved on a plane 
— for example, when the angle of 
incidence of the ion beam is vertical to 
the specimen surface, the specimen can 
be moved in the plane vertical to the 
chamber axis. This possibility of sliding 
the specimen on a plane makes it pos
sible to direct the ion beam axis to any 
point on the specimen surface and be
cause of the rotation possibilities al
ready described, at any desired angle of 
incidence. When the specimen is appro
priately mounted, for example (20), it is 
also possible to etch the bottom part of 
the specimen with the ion beam because 
the cross-tabic can be rotated 3 0 0 °. 
This is at least possible for the specimen 
surface area, of 40  x 1C mm rieitne-d by

Fig ID
View o f  : he BALZERS universal ion aching device IEU 1 GO

F ig  IA
Design n f  the  I E U  J!>0



the lift of the planar movement mecha
nism. Because the innei area around the 
specimen is well lighted, the specimen 
can be observed through a w indow  and 
the position of the specimen can be 
exactly and reproducibl y determined to 
w ithin approx. ± 30  pni using a bino
cular microscope with reticle.

The lift of the planer crosstahlc move
ment which is vertical to the direction  
of view through the w indow (and verti
cal to the ion beam) has been gene
rously enough chosen that it is suffi
cient to check the chosen current den
sity profile of the ion beam with an ion 
beam probe mounted on the crosstable 
(for choice of current density profile  
and for ion beam probe, see below).

In addition to the viewing w indow  and 
the port for the installation of the cross
table the spherical specimen chamber is 
provided with two further ports. These 
are also DN 100 ISO -K and their axes 
arc perpendicular to one another and to 
the crosstable port and are on the same 
plane as the crosstable and the viewing 
w indow . Fig. 1. One o f these ports is for 
the attachment of a B A L Z E R S  qua- 
drupole mass spectrometer from the 
QM G 311 series, or a QMG 511 for the 
analysis of the secondary ions resulting 
from  ion etching (compare, for example
(21). The entrance optics of a mono
chrom ator w hich focuses the optical 
radiation excited on the surface of the 
sputtered specimen into the entrance 
slit of a spectrograph can be mounted 
on the remaining port (17). In some 
cases it is sufficient to use a com bina
tion of a narrow bandwidth filter and a 
photomultiplier instead of a spectro
graph to register the radiation. The  
radiation produced on the surface can  
be guided for convenience with a light 
pipe in this case. As the flanges of all 
the ports measure the same (with the

0  exception of the viewing window) the 
placement of the crosstable, quadrupole 
mass spectrometer, and device for regis
tering the optical radiation can be inter
changed as desired.

When insulators are etched with the ion 
beam they usually become charged. A  
discharge device was thus developed. It 
consists of an electron source that pro
duces a wide beam o f low energy elec
trons. Th is discharge device can be so 
mounted in the chamber that the axis of 
the beam of low energy electrons hits 
the specimen at its intersection with the 
axis of the ion beam.

The spherical enlargement of the speci
men chamber has, in  addition to the 
flanges already mentioned, fuither  
openings which can bo used to mount 
another viewing w indow and further 
current feedthroughs. There is also a 
poit located under tire specimen plane

Cl  for the attachment of an additional 
„ monitor which shuts off the system  

once the specimen has been punctured  
during the ion thirininy process.

2.2. Ion source and beam profile

The ion source (23) consists of a 
Penning glow discharge from  which the 
projectile ions are extracted by a special 
tubular lens and then focussed to an ion 
beam. Gas is supplied to the Penning ion 
source by a dosing valve which, together 
with further features such as stabilized  
glow discharge current and the accelera
tion voltage, guarantee exact, reprodu
cible adjustment of the beam energy 
and the profile of the ion current den
sity. It is usually advantageous to supply 
the ion source w ith noble gas to  avoid 
chem ical reactions on the specimen sur
face. Other inert gases can as a rule be 
used for projectile ions and, w ith an 
appropriate com bination of dosing 
valves, mixtures of inert gases and o xy
gen can be used, for example, to  raise 
the probability of the sputtered ion 
excitation (compare (24).) When sput
tering metal surfaces, the yield of ions 
or photons can usually be increased 
sim ply by increasing the partial pressure 
of the oxygen in the specimen cham ber 
(25) (26).

The extraction lens for thinning is so 
dimensioned that the ion beam for pro
jectile energies from  2 to  6  keV  is fo 
cussed on the surface of the specimen. 
The current density distribution in the 
focussed ion beam of the IE U  100 is 
sym m etrical to the rotation and closely  
resembles a Gaussian bell shaped curve. 
The current density in the core o f such 
an ion beam is, depending on the profile  
adjusted for extraction voltages of 2 to  
6 k eV , between 0 .05  and 1 m A /cm 2- B y  
changing the current voltage supply to  
the glow discharge as well as the ion 
acceleration voltage, the permissible 
current density peak value can be repro
ducibly adjusted (also refer to  2 .3), for 
instance when the specimen cannot 
tolerate heavy thermal loads.

For the production of even bottomed 
etch pits the extraction system is so 
dimensioned that a beam of parallel ions 
or a slightly diverging ion beam results. 
The degree of focussing can be easily  
adjusted by exchanging the two pole 
pieces of the tubular lens.

The beam of parallel ions produces ellip
tical etch pits in specimens with an even 
surface, or round edged pits w ith even 
bottoms if the angle of beam incidence 
is perpendicular.

The density of the ions in the IE U  100's 
parallel beam is so homogeneous across 
its several mm diameter that the davia- 
tions in the depth of the etch pits is not 
more than i  2.5% from the mean value. 
Fig. 2 shows three m ultiple interference 
pictures taken from sucii etch pits.

The current densities of the parallel ion

beam can be reproducibly adjusted bet
ween 0 .5  -  100 /iA/cm 2 depending on 
the choice of the operating parameters 
and the gases used.

t- ‘ ‘
l —  . . 1..1 S i t .  ; 1 i. I »

I 10 mm I

Fig 2
Magnifications o f  multiple interference 
pictures o f  the etch pits at the surface 
o f  the SCHOTT glass BASF 13
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2.3. Probe to check the beam current 
density profiles

The IE U  100 can be equipped with an 
"ion beam profile probe" to check the 
distribution of the oeam current den
sity. This probe consists of a Faraday  
cup with an opening (0.3 mrr.) that is 
small compared to the beam diameter. 
Using the crosstable described in 2.1. the 
Faraday cup is moved at a constant 
speed along the plane perpendicular to 
the beam axis in order to make the 
probe. In this, the movement of the 
Faraday cup  is so adjusted with refe
rence to the planar movement of the 
crosstable that the axis of the Faraday  
cup is lead through the axis of the ion 
beam when making the probe.

Fig. 3  shows the result of a recorder 
registration of the beam current density 
profiie of an ion beam focussed for thin
ning. The current densities plotted on 
the coordinates are the mean local cur
rent densities determined by using a dia
phragm w ith a special opening measur
ing 0 .3  mm in diameter. The maximum  
current densities attainable w ith the 
IE U  100 are so high that the use of a 
second ion beam is not usually neces
sary for thinning. Com pare for this also
(8) (20). There is even the danger that 
the thermal load for fragile specimens is 
too high. (8) The thermal load on the 
specimen can be reduced w ithout .any 
special effort by using smaller beam cur
rent densities for smaller ion energies 
when thinning. The etching time, in 
such a case, would be necessarily longer.

Cross-section o f  the ion current density 
distribution in the axis o f  the focussed 
5 keV -  Ary -  ion beam

On the IE U  100 the ion density can be 
reduced by lowering the acceleration 
voltage. The  ion current extracted from  
the Penning glow discharge is then 
smaller. The degree to w hich the beam 
is focussed, as shown by the current 
density distribution in Fig. 3, can be 
reached again by appropriate readjust
ment of the Penning glow discharge 
each time. In addition, by appropriately 
regulating the glow discharge and the 
acceleration voltage it is possible to 
adapt the shape of the profile for special 
applications, checking it w ith the beam 
current density probe.

The slope of the wall of the crater 
eroded by the ion beam on the surface 
of the specimen is not only dependant 
on the ion current density but also on 
the angle of incidence o f the beam 
hitting the edge of the crater and on the 
matec ial, because the angle dependence 
of the sputtering yield is dependent on 
the material. By using a conical dia
phragm the ion beam effective in the 
etching process can be limited to the 
beam core while retaining the same ion 
current density. Because of this the 
slope of the etch pit walls, as shown in 
Fig. 2 can be adjusted.

The in-depth resolution when making 
concentration profiles for the analysis 
of homogeneous surface layers is deter
mined largely by the excitation depth 
distribution of lum inescene of photo
emission or photon emission or by the 
origin distribution of the secondary 
ions. The mean values of these distribu
tions are, for the projectile ion energies 
used of several keV , several nm (17)
( IS )  (27) (28). Com pare (11) (29) for 
the influence of the etch p it shape on 
the in-depth resolution. Often the in
fluence of the inhomogeneities w ithin  
the material itself also limits the in- 
depth resolution, refer to (18) (20)
(30).

3. Information obtained by com
bining the IEU  100 with analy
tical instruments for the elec
tron microscope

The survey in Tables 1.1 — T .3  and 
2.1 -  2.3 show in detail what inform a
tion can be obtained using the IE U  100 
and both types of electron microscopes 
— transmission electron microscope 
(TEM ) and scanning electron m icro

scopes (SEM ) or an appropriately equip
ped S T EM  scanning transmission elec
tron microscope. The  survey is based on 
the assumption that the most im portant 
types o f analytical instruments for both 
types of microscopes are available, 
namely:

for T E M  the device for electron diffrac
tion, selected area electron diffraction, 
and reflection diffraction, 

for SEM , detectors for secondary elec
trons, backscattered electrons, the inner 
specimen current, and cathode lumines
cence plus equipment for X-ray analysis 
by energy dispersive X-ray spectroscopy 
(ED S) or wavelength dispersive X-ray  
spectroscopy (WDS) (it is also possible 
to successfully use the energy analysis 
of secondary electrons (10) (31).)

Cross-section o f  the ion current density 
distribution in the axis o f  the parallel 
ion beam fo r  4.25 keV Ar* -  ions.

In order to be able to carry out all the 
preparation and analytical techniques 
described in the tables, the IE U  100  
must be equipped w ith: 
the ion density profile probe for con
trolled adjustment of the focussed beam 
and a beam of parallel ions 
and
a B A L Z E R S  quadrupole mass spectro
meter QM G ¿11  x> (on the right in 
Fig. 5) or QMG 311 for element analysis 
or for the analysis of the concentration  
profile and

* )  Q M S  is used in the table as the sym b o l fo r 
quadrupo le  m ass spectrom eter
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a spectrograph (left in Fig. 5! and in 
appropriate instances, a com bination of 

\ —)  lins filters and light guiding fiber optics/ 
photomultiplier device for spcctro- 
chemical analysis (1)xx t, 

a discharge device: when a discharge 
device is used nonconducting materials 
can also be included in the survey

Fig. 6 show's a view of the com plete set 
of equipment. In order to be able to 
carry out all the measurements shown 
on the chert there is an additional pre
requisite. E ither an interference m icro
scope or the possibility of measuring the 
etch pits v.'ith interference and multiple 
interference m onochrom atic light must 
be available (27): also refer to Fig. 2. A  
device for the registration of IR  and U V  
absorption spectra should also be avail
able.

Details of the preparation cannot be dis
cussed here. Please refer to earlier publi
cations for preparation with ion beams 

^  (1) — (9) (20!.

Concerning concentration profile ana
lysis with the mass spectrometer com
pare, for example, (11) — (13) (15) and 
with spectrochem ical analysis (14) (16) 
— (18). Com pare for exam ple (16) (18) 
(20) for com bination of concentration  
profile analysis and investigation with 
the electron m icroscope. R cic iences to 
further literature are included in the 
table.

» * )  a lso  available from  the B A L Z E R S  A G . It 
c o u ld  becom e necessary to s im u ltaneously  
register the secondary  electron current de
tected b y  the  quad rupo le  m ass spectro
meter w ith  the in 'e n s ity  o f the excited 
elem ents line s 132) (33).

The line : of the table have been cata- 
gorized according to preparation and 
analytical possibilities w ith the focussed 
or paraiiel ion beam. T h e  colum ns pive 
the inform ation that can be obtained 
from analysis in the electron micio- 
scope.

The entries in the grid of the table give 
which of the T E M  and SEM  analytical 
methods can be best combined w ith the 
preparation and analysis by ion beam 
etching to  investigate the materia! 
characteristics mentioned in the 
colum ns. Refer to (2) -  (5) (34) and 
(35).

The summaries make clear that various 
types of preparation make it possible to  
obtain the desired inform ation on the  
material characteristics. For this reason 
one has a certain flexib ility in the  
choice of accessories when purchasing 
the ion beam etching device. Im portant 
criteria for this choice are the tim e  
spent for each preparation method and 
how often a certain specimen w ill - 
probably be investigated in that labora
tory. A lso  im portant is that sometimes 
several preparation methods m ust be 
used at the same tim e so that the results 
are assured. For this com pare the  
examples in the te x t, and the w orks  
cited.

Fig. 5
IE U 100 equipped with QMG 511 and monochromator, refer to text.

17f>;■ o f  il:t com p lete ly  equ ipped  B A l.Z E R SIE U  100
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Preparation of bulk specimens:

Taules 1.1 and 1.3 give an overview of 
the possibilities of analyzing bulk speci
mens with a focussed or parallel ion 
beam. Please note that in addition to 
the information on analysis given in 
Table 1.1 it may be necessary to moke 
an analysis of the secondary ions cr the 
excited photons during etching with the 
focussed ion beam when the compo
nents of the sample are not know. 
Knowledge about the elements in a 
specimen gained front an analysis other 
then electron diffraction is often a 
supplement to the results obtained from  
electron diffraction analysis and some
tim es indisoensible for checking results. 
Sometim es the arrangement and the 
intensities of the lines of the electron

diffraction patterns taken from files is 
not reliable enough. It can happen for 
example th.it the crystallization  had just 
begun in the specimen to be examined 
and that non-crystalline phases had 
just started to crysta llize  or that there 
are still non-crystalline or partially cry
stalline phases left. Thus, element ana
lysis with the IE U  1C0 can be parti
cularly worthwhile when the electron  
microscope equipment in the particular 
laboratory does not include E D S  or 
W DS and only a transmission electron  
microscope with electron diffraction  
analysis is available.

Using the quadrupole mass spectrometer 
or the spectrographs from  the IE U  100,

elements with an atom ic weight of 
Z <  10 can also be detected, something 
w hich is not possible by analysis of 
excited X-.-ays (Compare) (5) (10).) The  
comparison of results obtained from  the 
analysis of characteristic X-rays w ith  
those from secondary ion or spectral 
line analysis makes the evaluation easier. 
Use of secondary ion mass spectrometry 
simultaneously w ith the spectral ana
lysis of the radiation excited by the ion 
beam helps, in addition, to elim inate  
ambiguity of the mass spectrum. Fo r  
example, it could be questionable 
whether a peak appearing at M -  28 is Si 
or N 2. The spectral line of the excited  
or sputtered ionized atoms can be 
usually distinguished from one another 
w ithout a great deal of e ffo rt

Analysis in the 
N .  SEM  and T E M

Ion beam 
preparation

Crystal structure

Preparation and analys

Structure and distribu
tion of grains, phases, 
and defects

s of bulk specimens/1 

Elem ent detection Elem ent distribution

Focussed  
ion beam

Thinned areas of 
several pm  dia
meter

Transm ission electron  
diffraction (3) (4) (7) 
(8) (39) (44) (49)

T E M : contrasts of 
electron transparent 
specimens anJ of 
replicas ( 1 ) -  (4) (9) 
S E M : picture signal 
contrz '.s (5) (10) (31) 
(36) (41) (43) (44)

Through: electron 
diffraction, (3) (4)
(6) -  (8) (39) (40) 
(49) E D S  or WDS 
(10) (34) ( 4 1 ) - ( 4 3 )  
Complete (text) with 
spectrography (14) 
(17) and mass spectrc- 
graphy (11) (12) (15) 
(28)

Contrast in T E M  
magnifications from  
transparent speci
mens and selected 
area electron 
diffraction (3) (4) 
(6) -  (S) (34) (35) 
(43) (49) (54)
E D S  and W DS (5) 
(36) ( 4 1 ) - ( 4 3 )

Tab le  1.1

Analysis in 
. S E M  and TEM

- Preparation and analysis of bulk specimens/2

Ion beam 
preparation

Crystal structure Structure and distribu
tion c f  grains, phases, 
and defects

Elem ent detection Elem ent distribution

Beam of 
parallel ions 
3 - 2 5  mm  
diam.

Etching of 
the surface

Reflection electron  
diffraction (2) (3) (3) 
(39) (50), also refer 
to text

Magnification of 
replica in T E M  
( 1 ) - ( 3 )  (8)
SEM  picture signal 
contrast (5) (36) (41)

Reflection electron 
diffraction (2) (3)
(44) (45) refer to text 
E D S  and W DS (10) 
(35) (36) ( 4 1 ) - ( 4 3 )

Com bination of 
T E M  and SEM  
magnification dif
fraction, refer to 
text E D S  and W DS  
(10) (35) (41)

Thinning for 
taking absorp
tion spectra 
(U V  to IR )

Absorption spectra 
thinned specimens in 
IR  transmission (46) 
and reflecton

Identification of ele
ments and molecules 
from absorption 
spectra in the 
visible and U V

Table 1,2
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^ • \ ^  Analysis in
S E M a n d T E M

Ion beam
prepaiation a n d ^ v . 
analysis with the 
IE U  100

Crystal structure

Preparation and ana

Structure and distribu
tion of srains, phases, 
and defects.

lysis of bulk specimens/ 

Elem ent detection

3

Elem ent distribution

Parallel 
ion beam  
from
3 — 25 mm  
diam.

Q u a d ru p le  
mass spectro
meter (UM S)

Reflection electron  
diffraction (?) (3) 
(49) (bOi and cle
ment analysis with  
QM S (11) (12) (21) 
refer to text

Com parison  
profile analysis 
with 1 EM  or SEM  
and E D S  or W DS  
refer to text

Reflection electron  
diffraction (2) (3) 
(49) (50) E D S  or 
W DS (10) (41) 
element analysis w ith  
Q M S (11) (12) (21) 
(28) also Z <  10

Reflection electron  
diffraction in T E M  and 
SEM , refer to text and 
E D S  or W DS (10) (41) 
as well as elem ent and 
profile analysis w ith  the 
QM S (11) (12) (21) (28) 
for Z  <  10, refer 
to text

Line filter
and/or
spectrograph

Reflection electron  
diffraction (3) (49) 
(50) and element 
analysis (1A) (17), 
refer to  text

Refer to  Table 1.1 
and text

A s in the 1st line but: 
element analysis w ith  
line filter and spectro
graph Z <  10 
(14) (17) (59) also 
refer to text

A s in the 1st line but: 
element and profile ana
lysis w ith line filter and 
spectrograph (14) (17) 
(59), Z <  10, also 
refer to text

The excitation of the series of spectal 
lines makes the evaluation highly accu
rate. The intensity of the molecules or 
parts o l molecules excited by the beam 
is usually at a value under the detection  
limit. But with mass spectrom etry one 
usually gets many lines, especially those 
of fragments of molecules w ith smallei 
molecular weights. Fig. 7 A  is an illustra
tion of a partial spectrum obtained from  
a soda lime glass sample bombarded by 
an ion beam. The spectrum lies in the 
range 260 nm <  X 4 60  nm. Fig. 7B is 
the mass spectrum obtained from  the 
same glass. It lies in the mass range 1 <  
M < 6 0 .

G

To  find out if there is an inhomoge
neous distribution of the element in a 
multiphase specimen the spectrom etric 
analytical equipment in the IE U  100 
can be of use w ith bulk specimens such 
as when the lateral resolution of the 
E D S  or W DS is not sufficient (or the 
atom ic number is Z < 1 0 ) .  If , for 
example, one can  see in the electron  
microscope magnification that one 
phase has been preferentially etched by 
the ion beam, then its com position  
during the etching can be determined by 
registering the intensity changes of the 
secondary ions or of photons until a 
stable condition has been reached i.e.

until the signal intensity of the excited  
lines remains constant. These  elements 
having first a higher •sputter rate and 
thus a higher signal intensity belong to 
the less resistant materials, and those 
having a lower rate i.e. that at first have 
a smaller signal intensity belong to trie 
resistant phase. T h is  interpretation is, 
however, based on the prerequisite that 
these two phases of the material are 
homogeneously distributed throughout 
the surface being investigated. In this 
case both the signal intensities I are 
chiefly a function of the sputtering 
yields of both the phases, i.e.. I ~  S. In 
general the following is valid for a fixed
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Fig. 7A
Em ission  spectrum  o f  Na^O-CaCi-SiO? glass sample
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ctv;iu of incidence of ions and a con- 
s ti.it  current of p io jectile  ions lp for 
the intensity of a spectral line of an ele
ment m (refer to (14) (37)):

In ip ■ S • -tn • C m

whereby C m is the concentration of the 
element and the material specific excita
tion coefficient of the spectral line. 
(The excitation coefficient w hereby e

a n = e - f  - p

is the degree of excitation quotient of 
the number of atom s sputtered and in 
an excited state divided by the total 
number of atoms sputtered ? is the pro
bability of a shift to a state of lower 
energy and p is the probability of radia
tive deexcitation).

The corresponding profile can also be 
obtained with the quadrupole mass 
spectrometer and is valid for a corres
ponding relationship for the secondary 
ion current is ~  ip S  o  ± Cm  whereby a  
± is the degree of ionization, that is the 
quotient of the number of ionized 
atoms or molecules divided by the total 
number of sputtered atoms or mole
cules, refer to (13) (21) (28). The in- 
depth resolution that can be reached for 
the concentration profile, as already 
mentioned, is w ithin a few  nm (17) (13) 
(27) (28). A s an introduction In  .e 
problem atic of ion sputtering a ’ŝ  'e ie r  
to (38) and for important results i c -1 

preparation to (3) (7) (8). Fig. 8A  shows 
an exam ple of the irvtensity/time profile  
obtained by registration of the excited  
Nal and Sil radiation of a two-phase 
f'Ja2 S i0 2  glass sample of the type  
mentioned above. The  surface of the  
glass from  w hich the profile was ob
tained is shown in a SEM  magnificaion 
after being etched with the ion beam. 
(Fig. 8 B ). The magnification shows 
clearly that a more resistant phase was 
exposed by the ion beam. According to  
the intensity/time profile this more resis
tant phase contains more Na than its 
environment because the Nal signal 
intensity rise takes much longer than for 
Si. The more resistant phase of this glass 
is crystalline as Fig. C C  shows. For this 
reason the results can be supplemented 
by the evaluation of the reflection elec
tron diffraction pattern. (Refer to Fig. 
8C) from the ion beam etched planar 
surface areas.

As long as the phases, or at least one of 
them, are crystalline the preparation of 
an eiectron transparent thinned speci
men is recommended additionally (refer 
to Table 1.1 ). Th is is particularly indis
pensable when the total concentration  
of crystalline substances is so small that 
X-ray deflection patterns of these 
phases that can be evaluated cannot be 
registered ¡39) (40). From  thinned  
specimens quits a high lateral resolution

Fig 7B
Mass spectrum o f  a N02 O-Ca0-Si02 gloss

Fig: 8A
Intensity ¡time profile o f  the Nal and Sil line obtained by continuous etching 
o f  a Na2 O-S1O2 glass surface

Fig. 8B
SEM nwgnipcatinn o f  the ion beam 
etched N02 O S1O2 gloss surface
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of belter than 1 nm and selected area 
s  diffraction patterns of very small inclu- 

u  sions can be obtained in c-ach case (39). 
Im portant for the decision to investigate 
a thinned specimen is the fact that the 
lateral resolution of the magnification 
with the electron microscope (41) and 
also that of the wove length dispersive 
or energy dispersive analysis of the 
characteristic X-rays is larger for 
thinned specimens than for bulk speci
mens (42) (43). T h e  depth T  to  w hich  
the crystalline structure of the specimen 
is destroyed on the surface of the bom
barded specimen is usually T  <  10 nm
(3) (40). It must however, be mentioned 
that destruction depths on, for example, 
C a C 03  have already been o o sr  ved 
down to 150 nm caused by cf .meal 
deterioration induced by the ion beam 
(44).

If the equipment for spectral analysis of 
the excited X-rays is available, then the 
results derived from  the concentration  
profile analysis w ith the IE U  100 and 
the changes in the surface structure of a 
sputtered specimen concerning the 
higher Na contents of the resistant 
phase can he checked as long as the 
lateral resolution of these methods is 
sufficient. Based on the results taken 
from  Fig. 8A  — 8 C  no decision can be 
made as to whether in addition to the 
influence of the tw o phases on the pro
file another concentration gradient of 
the Na is present in the less resistant 
phase. To  answer this question E D S  or 
W DS analyses that investigate **he 
matrix surrounding the resistant phase 
in various stages of the ion etching pro
cess must be carried out.

In the example explained using Fig. 8 A  
-  8 C  one would, w ith the com bination  
of W DS or E D S  in the scanning electron  
m icroscope with the IE U  100 already 
have sufficient inform ation for many 
purposes needing the identification of 
the total elements present and the ele
ment distribution in both, different resis
tant phases. T h e  inform ation obtained 
in this special case would correspond, 
for this com bination of instruments, 
approxim ately to the inform ation ob
tained from  the scanning ion micro
scope but obtained with much less 
expense as far as preparation is con
cerned. In cases where crystalline struc
ture must be absolutely differentiated  
from phases, electron diffraction must 
also be used. For this refer to the above 
examples. If, in addition, highly re
solved pictures of the phases are neces- 
saiy, perhaps for the study of grain 
boundaries (36) the investigation of a 
thinned specimen in the Т Е М  must be 
aimed for in nn/ case, compare Table  
1.1. Which investigation methods or

»
f
I
i

com bination of preparation and 
methods should be preferably used must 
be decided in each concrete case taking 
into account the type of specimen, the 
necessary preparation and analysis time 
and the inform ation hoped to be ob
tained. Fo r this purpose the-table survey 
can give only some possibilities.

T ip  to  now ion beam etching has not 
often been used to prepare specimens 
for spectrom etry, for example, to ana
lyze elements from  the absorption spec
tra or foi the study of atom ic arrange
ments (46). For different types of glass, 
for instance, inform ation can be ob
tained on the mutual arrangement of 
the atom s from  infrared spectroscopy. 
If, however, the absorption is so high 
that an IR  absorption spectrum cannot 
be obtained by transmission through 
bulk specimens, then it is usually  
possible to etch the specimen so th inly  
that it becomes transparent in the in
frared range. Results obtained from flint 
glass are shown in (46). Ion beam prepa
ration can also be used in com bination  
with absorption spectra for profile ana
lysis, for exam ple through the com bina
tion with U V  spectrum measurement as 
shown, refer also to Table 2 and (47).

Preparing thin surface coatings and 
surface layers

Tables 2 .1 ,2 .2 , and 2 .3  give an overview  
of the preparation and analytical pos
s ib le s  for surface coatings and suifacc  
layers. Carrying out an element analysis 
with the W DS or E D S  as well as w ith  
the analytical instruments to the IE U  
100 is also an aid when evaluating the 
electron diffraction or reflection elec
tron diffraction analysis. Investigations 
in w hich the detection of elements can

--------------— — —— ——— —

Fig SC
Reflection diffraction pattern to Fig SB

be taken from  the absorption spectrum  
have a special place in those the detec
tion sensitivity of the ether methods are 
not sufficient. Compare Table 2.2 and 
the works cited there. In  the same way  
the above-mentioned methods for ana
lyzing elem ents and their lateral resolu
tion as well as the preferred sputtering 
of individual phases of bulk specimens 
can also be transferred to the prepara
tion of th in  surface coatings and layers. 
While preparation by ion etching and 
especially the use of ion beam thinning, 
has in the meantime found a great num
ber of applications, the combined use of 
electron m icroscopy end elem ent ana
lysis or concentration profile analysis 
w ith the secondarily produced ions and 
photons, w ith election d iffraction or 
the IR  or U V  absorption has been used 
much less frequently. T o  illustrate the 
utility of such combined applications 
and to supplement Table 2 .3  the results 
of an investigation are given here that 
were obtained from  the application of 
the profile analysis in the IE U  100 and 
the reflection electron d iffraction as 
well as the energy dispersive analysis of 
a surface layer.

The layer to  be investigated consists of 
three oxide film s: one T i0 2  one SiC>2 

and TiC>2 each with an optical thickness  
of X/4. T h e  layers were taken from  an 
organic solution and transferred to a 
soda lime glass substrate through pyro
lysis. Refer to (43) for the production  
of such layers. In addition the bottom  
layer (com pare earlier results in (43).) 
contained Na in a concentration of seve
ral mol %. T h is  inform ation could be 
taken from  the intensity/tim e profiles 
abtainod from  spectral analysis in the 
visible at continuous ion beam etching, 
com pare Fig. 9 A . It is now also interest
ing to find  out if the Na contained  
especially in the bottom  layer is part of 
a com pound and if this compound can  
be identified. Earlier investigations 
showed that at least a part of the Na 
occurs in the compound Nax T iO ?  (49). 
By etching areas on the surface w ith the 
beam of parallel ions, it is possible to 
expose a plane of the bottom  layer 
w ithout the further use of liquid etching 
solvents.

K J A L Z E R S 9



Analysis in 
SEM  and T E M

Preparation and analysis of surface coatings and surface layers/1

Ion beam  
preparation

Crystal structure Layer construction  
and structure, 
structure gradients

Elem ent detection  
and element distri
bution, com p, also 
Tables 1.1 -  1.3

Concentration profile 
(perpendicular to  the 
surface)

Focussed

Thinned areas 
of several pm  
diameter

Transm ission electron  
diffraction on thin
ned areas and select
ed area electron  
diffraction (3) (4)
(7) (8) (18) (49)

Contrast in T E M  
magnification and 
SEM  signal contrast 
(3) (8) (49)

Transm ission  
electron diffraction  
refer to colum n 1 
E D S  and W DS refer 
to (41) (42) QMS, 
line filter or spectro
graph, compare 
text

Transm ission elec
tron diffraction by 
thinning the solid 
base (49) in com bi
nation with trans
versal sections and 
profile analysis, refer 
to Tables 2.2 and 
2.3

ion beam
Transversal section Selected area 

electron diffraction  
on transversal 
sections (3)

A s 1st line, also 
T E M  replicas 
(3) (8) ( 5 1 ) - ( 5 3 )

Selected area elec
tron diffraction (3) 
E D S  or W D S as far 
as the lateral resolu
tion is sufficient 
(42) (431 supple
ments QM S, refer 
to text

Selected area elec
tron diffraction and 
micrograph contrasts 
(3) (8) ( 5 1 ) - ( 5 3 )  
additional profile  
analysis, refer also to 
Tables 2 .2  and 2.3

Table 2.1

Analysis in 
SEM  and T E M

Preparation and analysis of surface coatings and surface layers/2

Ion beam  
preparation

Crystal structure 
also compare 
Tables 1.1 -  1.3

Layer construction  
and structure, 
structure gradients

Elem ent detection  
and element distri
bution, com p, also 
Tables 1.1 -  1.3

Concentration profile 
(perpendicular to the 
surface)

Beams of 
parallel ions 
from
3 — 25 mm  
in diameter

Step by step etch
ing of the surface 
combined with  
depth measurement 
of the etch pits

Reflection electron  
diffraction on planes 
exposed by ion 
etching combined  
w ith depth calibra
tion, refer to text 
and (44)

Magnification of 
planes exposed by 
ion etching to a 
defined depth with  
T E M  and SEM  (1 )-(4 )  
(8) refer to text

Reflection electron  
diffraction refer to 
text and (3) (49) 
E D S  and W DS refer 
also to (15) (44) 
and text

Reflection electron  
diffraction cn  planes 
exposed by ion etch
ing w ith depth ca li
bration (3) (49) (50) 
E D S  and W DS, refer 
to (15) and text

Step by step etch
ing of the surface 
combined with 
taking c f  absorption 
spectra ( U V t o I R )  
and perhaps also 
reflection spectra

Possibly as in line 1, 
and at the same time 
inform ation about 
special arrangement 
of atom s or about 
elements from  the 
absorption

As line 1 in addition: 
measurement of the 
transmission spectra 
(45) (47) (54)

A s line T in  addition: 
measurement of the 
transmission spectra 
(45) (47) (54) refer 
also to Table 2.3

A s line 1 in addition  
correlation of the 
changes of the spec
tral transmission 
with the etch pit 
depth (44) (45)

Table 2.2

The depth of the exposed bottom of the 
etch pit, i.e. the position of the etched 
areas under the surface, can be adjusted 
using the concentration profile. Fig. 9B  
shows the T i concentration profile ob
tained when the bottom  T iO ?  layer is 
etched. A  comparison of the entire 
profile in Fig. 9B with that in Fig. 9 A  
chows clearly that a bit more than a

third of the bottom layer was etched 
aw ay*I Fig. 9 C  shows the reflection  
electron diffraction pattern o f  this plane 
of the specimen. Surprisingly, the reflec
tion for ¡\la2O (according to ASTM  
chart 23-528 A) appears in this pattern. 
In a sim ultaneously conducted trans
mission investigation of rite same layer, 
in contrast, the diffraction rings for

Brookite or of Nax TiO$ were almost 
exclusively found and N a jO  only  
occurcd sporadically. This result was 
obviously caused by the different prepa
ration methods.

*)  If the film  th ickness is not kn ow n , the 
depth  rtis ir ibu lion  can be ce iilya ted  b y  
interferom etric m easurem ent of the etch 
pit depths. H e le r t o  (17) (18) a> oxw up lM .
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Fig. 9 C

R e fle c tio n  d iffra ctio n  p a rlen t o f  the  
surface  sh o w n  in F ig . 91) ( N r w O j I

Fig. 9D
S T M  m agnification  o f  the b o tto n i film  
sh ow n  in the  den tir established  a fter ion  
etch in g  a cco rd in g  to F ig . 9 B , see  text.

Fig. 9 A
Concentration profile o f  Na and Ti in a 
triple coating o f  Ti02i'Si02lTi02 
(refer to text)

Fig. 9B
concentration profile to establish relative 
etching depths

The bottom TiC>2 layer was prepared by 
removal first of the two upper layers 
and then the lower layer in a diluted H F  
solution. The remainders of the films 
were in the H F  solution long enough to 
almost com pletely dissolve the N a jO  
out of the layer. In contrast, the in
fluence of any solvent whatsoever is 
missing from  preparation  by ion etch
ing. The diffraction rings of the T iO j  
m odification recede com pletely in the 
reflection diffraction picture because 
N a jO  has a m uch lower sputtering rate 
and thus rises out of the etched plane 
shielding the TiC>2 crystals during the 
taking of the reflection d iffraction p ic
ture. Fig. 9D  also illustrates this. It is 
a SEM  magnification that, in addition, 
shows that the yield of secondary elec
trons from the Na^O is much higher



î

§

î
!

v 'n . Analysis in the 
S E M o r T E M

Preparation and analysis of surface coatings and surface laye-s/3

Ion beam pre
paration and 
analysis with 
the IE U  100

Crystal structure Layer construction  
and structure, 
structure gradients

Elem ent detection  
and element distri
bution, comp, also 
Tables 1.1 -  1.3

Concentration profile  
(perpendicular to the 
surface)

Parallel 
ion beam of 
3 — 25 mm 
diameter

Continuous  
etching of sur
face com bined  
with quadrupole  
mass spectro- 
grephy (QMS)

R? "’action electron  
d. raction on planes 
. e f :r'£ by concen- 
u a ;...n  prc'"le 
(3) (49) refer to text

Micrograph contrast 
of T E M  and SEM  of 
planes reposed by  
the ion beam and 
defined by the con
centration profile, 
refer to text

Reflection electron 
diffraction (3) (49) 
E D S  and VVDS (10) 
(41), refer to text 
mass spectrum of ele
ments and molecule 
fractions also for 
2  <  10 (11) — (13) 
(21) (28) (30) (55), 
refer to text

Reflection electron 
diffraction (3) (49), 
refer to text E D S  and 
W DS (10) (41), refer 
to text. Mass spec
trum of elements and 
molecules in a defined 
plane (11) -  (13) (21) 
(22) (28) (30) (56) 
also refer to (15)

Continuous  
etching of surf- 
face combined  
with line filter 
and/or
spectrography

A s line 1, refer 
to text (3) (49)

A s in line 1, refer 
to text

A s in line 1, but 
especially spectrum  
of excited neutral and 
ionized cations 
H, L i, B etc. (14) 
( 1 6 ) -  (18) (57) (58) 
(59)

A s in line 1, but 
especially spectrum  
of excited neutral and 
ionized cations 
H, L i, B etc. (14)
(16) - ( 1 8 )  (57) (58)

Table 2 .3

than that of the environment.

The investigation of the lighter areas in 
the picture by energy dispersive analysis 
of the excited characteristic radiation  
confirm s the correctness of this inter
pretation of the picture. Furtherm ore  
the same considerations are valid here as 
for bulk specimens. The intensity/tim e  
profile shown in Fig. 9 A  shows the con
centration profile w ith a distortion caus
ed by the different resistances of sputter 
rates T iO î  ar.d M02O . Meanwhile the 
convolution function taken from the in- 
lensity/tim c profile is relatively easy to 
find out. (27)

Further investigation, in w hich various 
analytical processes w ith the electron 
microscope were combined with profile 
analysis, can be found together with  
•additional literature references in (15)
(16) (18) (20) (27) (30 i. The  results of 
these works show  that an investigation 
with the electron microscope is often in- 
dispcnsible for the interpretation of the 
concentration profile. (18) (27) (30).

on which of the possible com binations 
of supplem entary devices to the IE U  
100 and the type electron m icroscope  
available promise success for each d iffe
rent preparation job. The modular sy
stem in which the IE U  is designed 
makes possible an appropriate choice of 
the special accessories for certain jobs as 
v /ell as an easy extension of the equip
ment for future preparation jobs.

The survey in tabic form  together with 
the results given in the text and in the 
publications cited can certainly give tips

9
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Universal 
Ion Beam Etching Device

IEU 100

n Fully automatic pumping system
with oil diffusion or ttirbomolecular pump and exact vacu
um measurement over the whole working range with auto
matic display of fore and high vacuum

e Universal application
because of the modular system. Quick release flanges as 
well as easily exchangeable rotary specimen table

b Any spot on the specimen can be moved under the 
ion beam
because of the crosstable that can be moved in two direc
tions

b Specimen can be etched on both sides
because the rotating specimen tabic can be turned 3 6 0 °

■  Etching angle from 0 °  to 8 9 °  continuously adjustable

■  Etching process can be clearly observed
through 30 x binocular microscope

■  Specimen can be easily centered under the ion 
beam
because of reticle, object lighting, as well as a specimen 
table that c<<n tie controlled from outside the device

■  Constant etching rates and reproducible etching 
depth
thanks to stable operating parameters and autom atically  
regulated gas inlet

e Flat or pointed etching profiles
thiough continuously adjustable beam cross section

■  No thermal damage to specimen
trunks to continuously adjustable beam density

* Ion souice can be safely removed
b'.T.wse the high voltage supply line disconnects at removal

* Srmp’c placement and measurement of the ion
1» am
<iv-g the hull! in beam probe

■  Automatic cutout if the specimen is perforated
I a t' »• Muni, electron transparent edges of the hole 
ii i n tiit..<-1 in addition, this feature allows rational time 
ii-.c .•.■ fh.-'u! snpiivision e.g at niyhi

*  lf.i'’('! o : of nonconductivc materials
' 1 "■  t inutiiihi.iiioii of the specimen charge
c '■ .. i ■. ■ '••.:!'iii'. bnmhaiOment

IE U  1 0 0  w ith  B A L Z E R S  oil d iffu s io n  p u m p in g  station  P W S  1 0 0  A

■  Evaporation coating of the substrate immediately 
after etching
w ithout break ing the vacuum

■  Surface element analysis and concentration profiles
using the quadrupole mass spectrometer

« Spectral analysis
with monochromator

* Long service life
thanks to the Penning principle Inn source <>nd the titanium  
exit action lens



APPLICATION POSSIBILITIES

A'ith the basic model described in the next section the follow 
ing applications are possible:

-  production of atom ically clean specimen surfaces through 
exact etching away of foreign, reaction, and gas desorption 
film s as well as film s resulting from various preparation 
methods

-  exact exposure of inhomogeneities and surface layers for 
analysis in light and scanning electron microscope

-  Preparation for absorption spectroscopy in transmission 
and reflection

- production of chemical surface reactions by using an appro
priate ionization gas

- production o'f electron transpa- ?nt specimen areas for ana
lysis in the transmission electron microscope

By extending the IE U  100 equipm ent w ith the field proven 
B A L Z E R S  quick release flange system the follow ing can be 
performed on the already etched specimen w ithout breaking 
the vacuum:

— evaporation coating of nonconductive or rapidly oxidating  
specimens for exam ination in the SEM

— preparation of surface replicas for exam ination in the T E M
— general preparation work

With additional equipment such as mass spectrom eter, mono
chromator, or narrow bandwidth interference filter the field of 
application for the IE U  can be greatly enlarged:

— Surface element analysis with the aid o f mass spectrom etric 
and/or emission spectrom etric exam ination devices

— Mass spectrom etric and/or emission spectrom etric analysis 
of element concentration gradients (in depth concentration  
profile)

2



2. Specimen table
consisting of:

— cross table to hold various, disk-shaped specimen holders

— motor drive for the specimen plate, rotational speed bet
ween 0 and 5 rpm, continuously adjustable

— two separately controlled drive m otors for exact position
ing of the beam probe c r  the specimen under the ion beam

— beam probe for location and measurement of the ion beam

— tw o disk shaped standard specimen holder s

— rotating handle with angle scale makes it possible to turn 
the table 3 6 0 °  manually

SPECIFICATION OF THE BASIC MODEL
1. Working chamber
Double cross chamber of stainless steel containing:

— pumping system connection flange DN 100 ISO

— four further DN 100 ISO  connection franges for the instal
lation of inn source, specimen table, and quick release 
flanges in any desired arrangement

— two DN 40  K F  flanges for the installation of the perfora
tion detector and the high voltage feedthrough for the elec
tron source

— four sight glasses 0 10 for lighting the specimen on all sides 
as well as a sight glass DN 52  ISO  with rapid fasteners and 
protective glass for observing the specimen during etching. 
The connection flanges DN 100 ISO  are blanked off.

1 Ion source
2 Tubular lens
3 Extracuon lens
4 Specimen table
5 Perforation detector
6  Gas su p p ly
7 Connection for mass spectrometer analyzer
8  C on ne c t ion  tor op tics
9 Dcam probe

10 Sirecrmen plate
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1 Beam piche
2 Specimen pute
3 Motor (or rotating pfatr drive
4 Motor drivi tor x-dxis movement
5 Plano? with angle scale 
C Rotary handle
7 Moto» tlMvc for y-axis movement

Fkj 4 Specimen tableFig 3 Design I F U I 00



3. Specimen table control unit PTC 101
consisting of:

— all necessary operating elements for controlling the cross- 
tabic positioning motor

— autom atic cutoff with display lamp for the tab'c movement 
end position

— rotational speed control for the specimen plate, speed can 
be controlled between 0 and b rpm, continuously adjust
able

— On/off switch and power supply (6 V) for the specimen 
lighting

\

I
i

Fig. 6 Specimen table control unit

4. Ion source (Bach system)
Penning type, connection flange DIM 100 ISO  
Easily exchanged extraction diaphragm (b 1 — 3 mm), a con
tinuously adjustable tubular lens and a series connected coni
cal diaphragm for the adjustment of the desired degree of ion 
beam focussing. Beam density to GOO pA /cm 2.

Integrated high voltage disconnect when the ion source is 
removed, for personnel safety.

Adjustm ent attachment for precise, mechanical alignment of 
the ion source as to conical diaphragm and specimen table 
coordinates.

Connection for gas inlet valve: DN 10 K F

5. Gas inlet valve EVN 010 H1
for manual adjustment of the gas supply to the ion source 
Gas flow  adjustable from 1 x 10-5 to 130 mbar l/s

6. Supply and control unit IEC 101
19" rack module for b;gh voltage supply and control of the 
ion source, containing:

-  mains on/off

-  pushbutton on/off for the high voltage

-  two potentiometers for coarse and fine adjustm ent of the 
plasma voltage between 0 and 1000 V

-  two potentiometers for coarse and fm eadjustm ent of the 
post acceleration voltage between 0 and 10,000  V

-  preselection switch for setting the measurement range 
10 ft A , 30 mA , 100 p A . or 0  -  10 k V

-  double scale display instrum ent to show the measured 
values in tf'” r; as et on the preselection switch

-  a display instrum e... each for the plasma current and the 
plasma voltage

-  various signal lamps for displaying the operating status



7. Vacuum relay
prevents, the high voltage in the ion souicc- supply from being 
turned on before a certain pressure has been reached in the 
vacuum chamber. Thus it serves, in addition to the integrated 
disconnect (refer to section 4) as an additional element for 
personnel safety.

Connection flange for the vacuum relay depends on the brand 
of pump (give flange sire whan ordering)

8. Specimen lighting
with 6 V/15 VV lamp and rotatable mount for optimal adjust
ment of the light

9. Set of tools
contains all the tools necessary for maintenance of the IE U  
100

10. Set of spare parts
consisting of:

— fuses and spare lamps for the control unit
— spare lamp 6 V /15  V'.' for specimen lighting

— O-ring seal for the working chamber, ion source, and 
specimen table

— parts subject to wear such as insulators, sight glasses, ca
thode plates

— two standard specimen holders w ith exchangeable clamping 
disks and centering device for standard specimens <j> 3  mm  
and 2 .3  mm (other dim ensions on request)

ACCESSORIES
11, Binocular microscope
30  x magnification for good observation and an ocular with 
reticle for exact adjustment of the specimen area under the ion 
beam, stand with microscope holder that can be inclined, as 
well as height and depth adjusted.

12. Automatic gas inlet system
consisting of:

— automatic regulation valve RM E 010

— control unit R V G  040
— vacuum gauge T P G  060 (only for oil diffusion pumping 

systems)

— Vacuum  gauge PK G  020 (only for turbom olccular pumping 
systems)

— Pirani medium vacuum gauge head T P R  010

The R M E 010 is installed additionally to the gas inlet valve 
E V N  (refer in  section 6) or in place of it You cun find further 
inform ation in a separate catjlog sheet.

13. Electron source
Sim ultaneous bombardment of the specimen w ith electrons
during ion etching prevents charging and thus makes etching of
nonconductive materials possible.

The electron source consists of:

— electron source EG N  101 w ith fixation device and high 
voltage feedthrough

— control unit E G S  101

14. Control unit IBD 101
Either the perforation detector as per section 16 or the beam
probe liefer to section 2) can be connected as desired.

The device consists of:
— a display instrument and a measurement range sw itch for 

the ion current

— potentiometer for the continuous adjustment of the ion 
current limitation value at which the autom atic cutoff 
should respond

— potentiometer for the continuous adjustment of the res
ponse time (1 to 15 s) after which the autom atic cutoff 
should respond once the ion current limitation value has 
been reached.

15. Electrometer amplifier EP511
This amplifies the ion current registered in the beam probe or 
in the perforation detector and sends it on to the IB D  101. 
Measuring range 10-5 A . 10-7 A, 10-9 A , 10-11 A .

16. Perforation detector
for the automatic interruption of the etching process when the 
specimen is perforated. It is necessary for thinning specimens 
and consists of an ion collector (Faraday cup) and a ovation  
flange DR 40 K F .

The ions passing through the specimen are collected in this 
detector, the ion current is amplified in the electrometer 
am plifici E P  511, and then registered in the control unit E B D  
101.

18. Evaporation coating device
This device is designed on a B A L Z E R S  quick release flange 
and can be connected to the working chamber using an adap
ter flange. You can find fuither information in "A pplication  
possibilities" and in the separate catalog sheet "Q u ick  release 
flanges DN 80".

17. Recorder HP 680 M
can be directly connected to the control IR D  101 and records 
the ion density distribution measured by the beam probe.

•19. Mass spectrometric and spectral analytical material 
analysis

B A L Z E R S  manufactures several suitable mass spectrometers 
for such examinations. Please send for separate docum enta
tion.

20. Installation frame
Several partial rack modules can be installed next to one 
another in one installation frame with handles. If the frame is 
not com pletely filled with instruments it can be com pleted  
with blanking panels. The installation frame has, for example, 
space fur the IBD  101 (section 14), R V G  040 (section 12), 
and P K G  020 (section 12.)

B A L Z E -: R 5
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High vacuum pumping stations
diffusion and turbomolecular pumping systems with pump- 
speeds of ai least 200  l/s are suited, 

example, B A L Z E R S  oil diffusion table pumping station 
PWS 100 A  with integrated vacuum measure
ment

B A L Z E R S  turbom olecular table pumping 
station T S H  270 with separate vacuum measu
rement

u can find more detailed information in separate catalog 
ets.

CONNECTION DATA
(without pumping system)

Electrical

Voltage 220 V

Frequency 50 Hz

Rating 100 W

Other voltages 
and frequencies on request

ü

n
u

. Console
assembly on encased pumping stations; serves as surface 

placing the control units.

iCHNICAL DATA

n source supply

asma voltage 
ntinuously adjustable 0 -  1000 V , 30  mA

?5t acceleration voltage 
■ ntinuously adjustable 0 -  10,000 V

n source

ojectile ion energy 2 -  8 keV

^am diameter continuously  
Jjustable 1 -  25 mm

ojectile ion density 
for flat etching 
for focussed etching

0.25 — 200 pA/cm 2 
to 600 pA/cm 2

in density fluctuations of 
e beam profile for flat etching <  5% in the middle

mttering rate (dependent on 
aterial, ionization gas, etch- 
igle, degree of focus, and 
:am intensity) 1 — 30 pm/h

as supply

tnizaiion gas (usually argon) 
is  supply line

free choice 
0.2 -  0.5 bar

'prising pressure in the chamber 10-3 _  io -4 mbar

.orking chamber

■irking pressure 2 x 10'5 to 1 x 10 6 mbar

•n)uued pumping speed >  200 l/s

ORDERING DATA
Spec.
Pos.

Order Nr.

Basic system as per specification 1 — 10 |EB P02 50G

Accessories i
i

Binocular microscope 11 B 7302 250 Z B

Autom . gas inlet system

—for diffusion pumping systems 12 BB 172 817 -T
—for turbom olecular pump, systems 12 BB 172 914 -T

Electron source EG N  101
includ. high voltage feedthrough
and fixation 13 B K  J02 750
Control unit E G S  1G1
to the electron source 13 BG M 6 7 000

Control unit E B D  101 14 BG M 6 0 500
Electrom eter am plifcr E P  511 15 BG 521 300 -U
Perforation detector 16 BB 172 880 -T

Recorder HP 6 S9  M 17 B 5294 211 A A

Evaporation coating device 18 +)

Mass spectrometer QMG 19 ++)

Installation frame 19" 20 BB 176 046 -T

High vacuum pumping station 21 ++)

Console 22 BB 172 DOO -T

+) Refer to separate catalog sheet "Quick release flanges DN 20” 
*< I Refer to B A LZ E  RS catalog "Vacuum Components"

n'jriuct of IJ.M ZE RS A G , Bal/ers DN 9109 Printoci in Liechtenstein  Subieet to change w ithout notice.

B A L Z E R S  Akticngesdlschaft — FL-9 49 6  Balzers, Fiirstentum Liechtenstein — le i . :  07b / 4  41 11 — Telex : 77 G41 
I’F E IF I  E R  Viiktiumtechnik W ittzlir GmbH -  Postfach 1280 -  D G334 Asslar, BH D -  Tel.: 0 04 41 / JJO 21 -  Telex: 48 3859  

B A L Z E R S  -  8 Sagamore Park Road -  Hudson, NH 03051 U .S .A . -  Phone: G03 / 889 GSRS -  Telex: 94 3479
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High vacuum system 
for research and 

specimen preparation 
B A E  0 8 0  T

n

U

o
n

U

n
u

n
u

* Extremely clean vacuum conditions assured by tur- 
bomolecular pumping

*  Well suited for education and training because of 
safe, reliable operation of the high vacuum pum
ping system

B Portable bench-top model fits on any laboratory
bench

D Robust and reliable -  accidental introduction of 
air cannot damage the system

« Easy and inexpensive maintenance
" A choice of four different vacuum chambers 

assurer, adaptation to specific requirements

■  Maximum flexibility results from a range of auxi
liary equipment fitted on quick release flanges '

■  Both conventional resistance evaporators and elec
tron beam guns can be used for evaporation of 
carbon, SiO, and metals

■  Highly universal modular system ideally suited for 
a variety of tasks in research and education
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. High vacuum pumping stations
diffusion Rod turbom olecular pumping systems with pump- 
speeds of at least 200 l/s are suited.

example, B A L Z E R S  oil diffusion table pumping station  
PWS 100 A  with integrated vacuum measure
ment

B A L Z E R S  turbom olecular table pumping  
station T S H  270 with separate vacuum measu
rement

u can find more detailed information in separate catalog 
ets.

CO N N ECT IO N  D A T A
(without pumping system)

Electrical

Voltage 220 V

Frequency 50 Hz

Rating 100 W

Other voltages
and frequencies on request

t-j

o  P
. Console

assembly on encased pumping stations; serves as surface 
placing the control units.

iCH N ICA L  D A TA

n source supply

ssma voltage 
mtinuously adjustable 0 -  1000 V , 30  mA

rst acceleration voltage 
■ntinuously adjustable 0 -  10,000 V

n source

ojcctiie ion energy 2 -  8  keV

-am diameter continuously  
ljustable 1 -  25 mm

ojectile ion density 
for flat etching 
for focussed etching

0.25 -  200  pA /cm 2 
to 600  pA /cm 2

in density fluctuations of 
e beam profile for flat etching <  5% in the middle

uittering rate (dependent on 
aterial, ionization gas, etch- 
igle, degiee of focus, and 
:am intensity) 1 — 30 pm/h

3i supply

ini/ation gas (usually argon) 
is  supply line

free choice  
0.2 -  0.5 bar

prking pressure in the chamber 10-2 -  10‘4 mbar

orking chamber

nr king pressure 2 x 10 5 to 1 x 10'6 mbar

•■-lulled flumping speed' >  200 l/s

O R D E R IN G  D A T A
Spec.
Pos.

Order Mr.

Basic system as per specification 1 -  10|B B  P02 500

Accessories iI

Binocular microscope 11 B 7302 250 ZB

Autom . gas inlet system

—for diffusion pumping systems 12 BB 1 7 /9 1 7  -T
- fo r  turbomolecular pump, systems 12 BB 172 914 -T

Electron source EG N  101
includ. high voltage feedthrough
and fixation 13 BK  JÜ2 750
Control unit E G S  101
to the electron source 13 BG M 6 7 000

Control unit E B D  101 14 BG M 60 500
Electrom eter amplifer EP  511 15 BG 521 300 U
Perforation detector 16 BB 172 880 -T

Recorder HP 6 S0  M 17 B 5294 211 A A

Evaporation coating device 18 +)

Mass spectrometer QMG 19 ++)

Installation frame 19" 20 BB 176 046 -T

High vacuum pumping station 21 ++)

Console 22 BB 172 909 -T

♦ I Refer to scpaiate catalog sheet "Quick release flanges DN 30"
■m I Refer to B A L2 E R S  catalog "Vacuum Components"

l 'irluct nf C-M Z ER S  AG . Babers ON 9189 Printed in Liechtenstein Subject to cfiange without notice.

B A L Z I :P S  Aktitngescllschaft — FL-9 4 9 6  Balters, Fiirstentum Licclrlcnsie in  -  le i . :  07b / A 41 11 — Telex : 77 C41 
P F E I F F E R  V.ikuum ttchnik Wi.tzl.ir Gm bH -  Postfach 1780 -  DG33-1 Asslar, BU D  -  Tel.: 0 G4 41 / 80 21 -  Telex: 48 3859  

B A L Z E R S  -  8 Sagamore Park Road -  Hudson, NH 03051 U .S .A . -  Phone: G03 / 889  G883 -  Telex: 94 3479
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3 A E  080 T  is a sample preparation system consisting of 
ile, proven Balzers components. Balzers quick release flon- 
-  specimen preparation tools fitted on standard flanges 
can be connected to the vacuum chamber as required — 

~ part of the overall system. The great variety of quick 
se flanges makes the B A E  080  T  a highly flexible and 
:tile unit for sample preparation. In addition, the system is 
d to general vacuum and coating work in research labora- 
s and educational institutions.

B A E  030 T  system has a tube-shaped (standard) and cross 
ped (optional) vacuum chamber with DN 80  connecting  
s. Also available are both tube-shaped and cross-shaped 
fibers with DN 120 connecting ports — this ensures that all 
k  release flanges of the larger Balzers B A E  120/121 sample 
iaration system can be used w ith the B A E  OSO T  equip-

pumping system of the B A E  080  T  is controlled by a 
le switch. An automatic safety valve in the backing pump 
es when the pumping system is turned off or in the event 
i power failure; and so that back-streaming of oil vapors 
; the vacuum chamber will be prevented, the backing pump 
ented immediately. When the pumping system is switched 
again, the safety valve opens w ith a time delay. Venting of 
vacuum chamber is accomplished with a manually opera- 
valve that can be furnished w ith an air drying device.

ZCIFICATION OF THE BASIC SYSTEM

fIGH VACUUM PUMPING SYSTEM TSH 110

. Turbom olecular pump TPH  110

Tipinn speed for air, 110 l/s;
mate pressure w ith D U O  1.5, <  5 • 10-8 m bar;
ver rating, 300  V A
)ling water consum ption, 15 l/h.

’. Tw o stage rotary vane pump D U O  1.5 A

.h built-in safety valve; 
mping speed, 1.5 m3/h.

i. Manually operated vent valve V F H  005

>. Splinter protection

prevent parts from entering the rotor space 
the turbomolecular pump

T-PIECE

nsists of standard B A L Z E R S  part mounted d irectly onto 
DN 100 ISO -K  throat of the T P H  110. Has a DN 10 K F  

nnecting port for the Pirani gauge head, a DN 4 0  K F  con- 
cting port for the high vacuum gauge head, a sealed connect- 
i port for installation of a cold trap (optional) and a DN 100
0  K  connecting port for the vacuum  chamber. The connect- 
.1 T  is also available individually w ithout blind flange or with  
icc sealed connecting ports (DN 10 K F , DN 40  K F , and DN 
>3 K F). (See ordering Guide).

VACUUM CHAMBER
h i able in DN 80  and DN 120, T-shaped or cross-shaped. 
;ex glass cylinder with two or four connecting ports for
1 k release flanges (bayonet catch) and a connecting port for 

p.imptng system. See accessory specification Items 8, 9,
■. 11.

4. E V A P O R A T IO N  A N D  GLO W  D ISC H A R G E  
EQ U IPM EN T  consisting of:

4 .1 . High current transformer

1 k V A  continuous rating with secondary windings adjustable 
for 0 — 4 , 0  — 8, and 0 — 16 volts and high voltage transfor
mer of 60 W at 2500 V/24 nr.A

4 . Z  Com bined high current and high voltage control unit
B S V  OSO

w ith mains power O N -O FF  switch, potentiom eter for control
ling the prim ary voltage of the high current and high voltage 
transform er, ammeter, and glow discharge and evaporation 
selection switch.

4 .3 . Tw o  high current cables

of 1 m length with connectors on both ends.

4 .4 . Power cable

5. V A C U U M  M E A SU R IN G  EQ U IPM EN T

5 .1 . Indicating instrument P K G  020

with autom atic switch-over from fore to high vacuum ; measu
ring range, 100 — 5 • 10-8 mbar.

5 .2 . High vacuum gauge head IK R  010

for measuring high vacuum  in the cham ber; measuring range,
5 • 1 0 '8 mbar.

5 .3 . Vacuum  gauge head T P R  010

for measuring high vacuum in the cham ber; measuring range, 
5 • 10's  mbar.

5 .4 . Cable for gauge head and power connections.

6. SA F ET Y  IN T E R LO C K

for high voltage consumers, consisting of disconnect ping for 
each connection opening of the chamber as well as a distribu
tion box for the connection cables.

SP E C IF IC A T IO N S  OF V A R IA N T S

7. PREPATAT IO N  U N IT  (without turbomolecular 
pumping system)

Recommended for setting up a preparation system when pum 
ping system is already at hand, using DN 100 connecting ports 
and a pumping speed of at least 100 l/s. A s indicated in the 
ordering guide, the preparation unit is available in different 
variants. It consists of:

— Preparation set according to specification, Item 7

— Evaporation and glow discharge equipm 'Tt according to 
specifications. Item 4

— With or without vacuum  measuring equipm ent according to 
specifications. Item 5

8. P R EP A R A T IO N  SET
The preparation set w ill enable you to set up a preparation 
system according to your own needs and wishes, w ith the 
possibility to use equipment already at hand, such as pumping 
system , vacuum measuring equipment, high current trans
former, etc. The set consists of:

Vacuum  chamber (at DN 120, including splinter protection) 
according to specifications in Item 2

T-piecc w ithout blanking flange according to specification. 
Item 2

Installation set for vacuum  chamber

One set of seals, blind (langes, clam p rings and screws.

B A L Z E R S



SP EC IF IC A T IO N S  OF IN D IV ID U A L  PARTS A N D
A C C E SSO R IE S

9. T-shapsd clim ber D N  80

Inside diameter, 80  mm; length, 2 5 0  m m ; inside diameter of 
the pumping port, 70 mm.

10. Cross-stoped chamber DN 80

Inside diameter, 80 mm; length in both directions 250 mm; 
inside diameter c f  the- pumping port, 70  mrn.

11. T-shaped Chamber DN  120

Inside diameter, 120 mm; length, 3 0 0  mm; inside diameter of 
the pumping port, 120 mm.

12. Cross-shaped Chamber DN 120

Inside diameter, 120 mm; length in both directions 300  mm; 
inside diameter of the pumping port, 120 mm.

13. Splinter protection
For T-shapcd or cross-shaped cham ber DN 120. Recommend
ed for glass chambers over 100 diameter.

14. Keating blanket
For T.shaped or cross-shaped chamber DN 120. Fo r degassing 
the chamber thiouah bake-out. Connected wattage: T-charn- 
ber, 150 W; cross-shaped cham ber, 2 00  W.

15. Cold trap
T o  shorten pumping time through additional pumping action 
for condensable gases or to improve ultim ate pressure, it is instal
led in the top connection port DN 100 ISO -K  of the connec
ting T .

16. Heating sleeve
For heating the turbom olecular pum p, thereby reaching the 
ultimate pressure faster. Heater power rating, 60  W. Connected  
voltage, 220 -  240 V.

17. Air drying device T T V  001
Consists of a glass tube filled w ith zeolite mounted on the 
air-inlet valve; for drying air adm itted to the vacuum chamber.

18. Work table

For fitting two quick release flanges DN 80 or DN 120. For  
mounting the evaporation sources and carbon electrodes and 
attaching the specimen supports on the specimen table.

19. Test object holder

Permits visual checking of film  thickness. Holds a test object.

20. Front panel for TSH 110
To  cover front of pumping system.

Please refer to separate literature regarding other accessories 
such as electron beam evaporation com ponent E V M  052, and 
quartz film  thickness m oniaior Q SG  301.

T E C H N IC A L  D A T A  

PUM PING  SY ST E M

Racking pump D U O  1.5 A  
Pumping speed at 10 mbar 
Ultim ate pressure, total w ithout gas ballast 
Nominal motor rating

1.5 m3/h
<  6 - 10 3 mbar
1 10 W

Turbom olecular pump TP H  110
Pumping speed for air
Ultim ate pressure with D U O  1.5
Nominal motor rating
Cooling water consum ption
Heater power rating (heater is optional)

110 l/s
<  5 • 10 s  mbar 
200 W 
151/n 
60  W

D IM E N S IO N S
W EIGH TS
Preparation unit plus pumping system  
Transform er unit 
Control unit B S V  0S0  
Veccum  gauge P K G  020

See scale drawing

39 kg 
28 kg 
5 kq 
3 kg

CO N N EC T IO N  D A T A
Electrical 
Voltage (P+N+E)
Frequency
Rating (depending on equipment) 
Other voltages and frequencies

220 V  
50 Hz 
to 1.5 kW  
on request

Cooling water
Cooling water consum ption at 15 ° C  
Outlet

151/h
Gravity flow

Exhaust
Connection flange for backing pump DN 10 K F

B A L Z B R S



ORDERING GUIDE

Item

with
T-cham ber 
DN CO

vvitii
cross-shaped 
chamber 
DM 80

with
T-cham ber 
DM 120

with
cross-shaped 
cham ber 
DN 120

System  O A F P30 T ,  complete 1 - 6 BB P01 520 BB P01 521 BB P01 522 BB POI 523

Preparation unit. 7 B E  176 S3 0  -T BB 17G 982 -T B3 176 984  -T BB 176 986  -t !
Consisting of
— preparation set (see below) 8
— evaporation and glow discharge equipment 4
— vacuum measuring equipment 5 i

t
as above. but w ithout measuring equipment BB 176 981 -T BB 176 983  -T BB 176 935  -T BB 176 987 -T ;

Preparation set. 8 BB 176 9 6 2 -T BB 176 9 6 3 -T S B  176 964 -T BB 176 9 6 5 -T
consisting of
— chamber (DM ’.2 0  including splinter protection) 3
— connecting T  w ithout blind flange 2 I!
— installer ion set for chamber I

— one set of seals, blind flanges. j
clamping ring; and screws I

Evaporation and glow discharge equipment. 4 i
. !

consisting of |
— control unit B S V  030 4 .2 BG  №13 250 j

— transformer unit w ith hinh current and I
high voltage transformer, complete 4.1 BG  530 700 -T i

Alternative i
— transformer unit w ith high current transformer j BG  530 752 -W 1

— transformer unit w ith high voltage transformer j  BG  530  753 -W
j

— two high, current cables 4 .3 j E  4554 491 DB !
-  one power cable 4.4 1 BG  519 1 7 0 -T !

Vacuum  measuring equipm ent, complete. 5 i I
consisting of t i
— indicating instrument P K G  020 5.1 ! BG  D06 257  -1 i
— high vacuum gauge head IK R  010 5.2 BG  G01 002 1
— vacuum gauge head T P R  010 5.3 BG  G 02  250 1
— gauge head connection cable for IK R  010 5.4 ! B K  372 318  -T 1
— gauge he3d connection cable for T P R  010 5.4 B K  186 221 -T 1
— power cable 5.4 ! BG  519 1 7 0 -T 1

Individual parts and accessories I
— T-chamber DM 80 9 ! BB 187 655  -T
-  Cross shaped chamber DM 80 10 ! BB 187 656 -T

— T-chamber DM 120 11 Ì BB 187 581 -T
— Cross-shaped chamber DM 120 12 BB 187 993 -T
— Splinter protection for T-chomber DN 120 13 BB 187 195

for cross-shaped chamber DN 120 13 BB 187 580  -T

-  T  piece, 3  sealed connecting ports 2 BB 176 865 -T
— T-piece, w ithout blind flange 2 BP 220 735 -X

— Installation set for chamber DN 80 BB 176 941 -T
— Installation set for chamber DM 120 BB 1 7 G 6 1 0 -T *

— Heating blanket for T-chamber DM 80 14 B 5170  062 C Z r

— Heating blanket for cross-shaped chamber DM 120 14 B 5170  063 C Z 1
1

-  Cold trap 15 BB 176 942 -T
-  Healing slepve for TPH  100 16 PM 003 413 -T
— Air drying device 17 PM Z00 120

-- Working table DN 80 18 BB 187 780 T
DN 120 18 BB 181 017 -U _______

— Test object holder 19 BB 181 021 -U }
-  Front panel for TS H  100 20 BB 176 807 -T
— Vertt valve 1.3 PK  \M 0 003  
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SPECIAL REPORT TO PREFEASIBILITY PEPORT OF KUROSAKI



Dr.-Ins.
BIEHLER

COMMENTS TO THE PREFEASIBILITY REPORT FOR LANKA 
REFRACTORIES BY KUROSAKI REFRACRORY JAPAN

The Kurosaki Refractories is one of the big Japanese 
refractory companies which specially produces magnesite 
stones, castables, plastic and ramming masses out of 
high alumina silicon carbide and zircon.

During my stay in Meepe I have got a prefeasibility 
study done by the above mentioned company concerning 
Lanka Refractories. Now I shall give some personal com
ments to this study.

Generally most of the proposals are good and 
useful.

Concerning High Sophisticated Products

I do not believe that there is a big chance for 
Lanka Refractories to produce and export high so
phisticated magnesium oxid carbonite to the world 
market. For the whole refractory industry also in 
Japan has big overcapacity concerning production.

Those high sophisticated products have normally 
less than 20 % personnel costs even in Europe which 
has the highest wages all over the world. Therefore 
there is no advantage to produce those products in 
Sri Lanka. Only if Kurosaki Refractories guarantees 
the management of the production and the selling of 
the products it might be a chance.



Dr.-In".
BIEHLER

Most of the products are used in the steel industry 
but the forecast for the steel industry all over 
the world is not good at all. The growing rates are 
rather small therefore the use of refractory mate
rial will decrease in future.

Concerning Magnesite Line

The installation of a new line for magnesite would 
be rather good. But before installing a new line 
the market of magnesite and magnesite chrome in Sri 
Lanka has to be proved . We are rather sure that 
the market is not so big that a new line will bring 
profit.

Concerning Pressing

The installation of a high pressure forming machine 
specially for magnesite or kiln furniture is neces
sary after having get good results of the market 
research.

But we propose not to install friction presses be
cause the pressure could not be influenced suffi
ciently during processing. We propose to choose hy
draulic presses which allow to produce better qua
lities^ See annex, some different sorts of 
presses.)



Dr.-Ins.
BIEHLER

Concerning Burning System

We agree with the plan to erect a high temperature 
shuttle kiln for a temperature of 1,750 °C. This 
kiln could only be installed if the market survey 
shows that those expensive stones could be sold.

These shuttle kilns need much more energy for bur
ning than tunnel kilns. The tunnel kiln of Lanka 
Refractories has a consumption which is a little 
bit too high. This high consumption depends on the 
changing of the temperature for burning so such a 
lot of different products.

In meantime an expert of UNIDO is in Sri Lanka to 
control the burning system of Meepe and to reduce 
the energy consumption of this kiln.

Concerning Laboratory

The laboratory is working rather good. But the 
results would become better if there is a link 
between the laboratory of Meepe and the Central 
Laboratory.

Concerning Cleaning Of The Factory

The installation of the dust collecting equipment 
is absolutely necessary and we propose to do this 
very soon.



Mil einer HORN Presse kónner. Sie mehr machar, ais nur Normalsteine. 
With a HORN press you can make mere than standard bricks only. 

Avec une presse HORN vous pouvez faire plus que des briques normales. 
Con una prensa HORN Ud. puede hacer más que ladrillos normales.

FRIEDRICH HORN
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Schnelier Formenwechsel
1. Form.ibbau
L'-.’ - hntan seiner Unterseile an zv.ei Sederi eine Lasche mit Bohrung. Entsprechende Bohrungen neison dio àuOcrert Unterstempel und

;  F^nv.r.j’.L'risicizen aul. (G:!d 1 ) -  Alte Bchrungan iiencn in etncr vcrtikaten Ebene.
; Fn'mknston v.ird abgesenkt. bis alle Bohrunyen fluctìten. Ein St?.h!L_>!zen wirtl aul jeder Scile durch die Bohrungcn geschoben, so daB Form- 
• n unsi Uii'c-rstempel verbundcn swd. (Bild 2)
L'c DeV-siig'jr.gsschrauben ber Untcrstempel-Sammelpintte vverden herausgrschraub!. Et-.vas PreBmasse oder yleich hohe Holzstucke werden in 
c e Formotinujen gegebcn. Der PrcGschlitten wird abgesenkt. bis die Oberstempel aul der PreGmasse bzw don Holzstucken aufsitzen. (Bild 3) 
2 ;r Be’er.t’g'.tngsschrauben der Oberstempel-Sammclpiatte werden herausgescliraubt. Die Belest'gungsschra jben der Formkasten-Stutzen wer- 
cen hcrausgeschraubt. Mi'.telsder Pratzen am Fornikasten wird der gesamte Formaufbau von eii.em Gabelstaplcr aus der Presse herausgelahren. 
iBiid4)

2. Formaufbau
D e Unlerstempel-Sammelplatte wird auf eine Richtplatte gelegt. Die Unterstempel werden aul ihr belestigt. die Befesligungsschrauben jedoch 
r.ach nich! (est angezogen
Der Formkasten w,rd auf die beiden Formkasten-Tràger aulgesetzt, che Befestigungsschrauben werden jedoch noch nicht (est angezogen.
Der Formkasten wird vorsichtig ùber die Unterstempel abgesenkt, bis die Fotmkasien-Trager auf der Richtplatte autsitzen. Holzstucke gleicher 
Hche werden in die Fomnòffnungen gelegt.
D.e Oberstempel-Sammelplatte mit den darauf befestigten Oberstempeln. deren Befestigungsschrauben jedoch noch nicht fest angezogen sind, 
v.;rd vorsichtig so abgesenkt. daG die Obersterr.pel auf den Holzstucken im Formkasten aufsitzen.
Der Formkasten wird angehoben, bis Sich die Stahlbclzen durch die Bchrungen ir. den Ur.terstempeln, in den Formkasten-Stutzen und Laschen des 
rcrmkastens schieben lassen.
Der Gabelstapler transportiert den gesamten Formaufbau in die Presse. Die Befestigungsschrauben der Unterstempol-Sammelplatte und der Form- 
kasten-Stùtzen werden auf Anschlag eingeschraubt, jedoch noch nicht fest angezogen.
Der PreGschlittcn wird so weit abgetahren, daG die Befestigungsschrauben der Oberstempel-Sammelplatte eingeschraubt werden kònnen. Alle 
diese Befestigungsschrauben werden nun fest angezogen.
Im Emrichtbevioo werden probeweise Ober- und Unterstempel vorsichtig einmal auf- und abgetahren, wobei eine exakte Selbstzentrierung erfolgt. 
Die Befestigungsschrauben der Stempet zu ihren Sammelplatten werden dann jeweils fest angezogen.
Bei anderen Formaufbauten kann sinngemàG verfahren vverden.
ist eme hòhenve-rstellbare volumetrische Beschickung am Formentisch der Presse angebracht, so wird diese mittels Knopfdruck in Minuterschnelle 
auf exakt gleiche Hohe mit der ODerseite des Forrnenkastens gefahren, womit ein muhsames und zeitraubendes Unterbauen von Formkasten und/ 
oder Formkasten-Stutzen entfailt. Diese Art von Formwechsel ist jeder anderen Art ùberlegen und kommt unubertreffbar mit dem geringsten Zeit- 
aufwand aus.
HilfsmaGnaiimen. wie ein nach einer Seite offener Formentisch oder umstàndliche und teure Einfahrvorrichtunger. tur Formkasten, kònnen daher 
entfallen. Auch der Nachteit von Form-Adaptern, die stets oleiche Fotmabmessungen bedingen. ist vermieden.
Eine ganz wesentliche Erleichterung beim Fcrmwechoel ist auBerdem. daG HORN-Pressen im Einoaubereich der Formen sehr viel Be.vegungs- 
raum zum schnolion Arbeiten der Formwechsel-Wannschaft aufweisen, v.ie er bei keiner anderen Presse gegeben is t

Extra-Fast Mould Change
1. Dismantling of the mould
On the bottom section the mould bo:: is on two sides provided with a shackle with bore (locating hole). The outer bottom punches and the mould bc>: 
supports come wilh the corresponding bores (picture t) -  All bores are on a vertical level.
The mould box is lowered until all bores are aligned On each side a steel pin is then inserted into the bores so that the mould box and the bottom 
punches are firmly connected (picture 2).
The fixation belts for the bottom punch collector plate are undone. Some pressing material or wood pieces of identical height are inserted in the mouid 
openmgs.The crosshead is then lowered until the top punches are sealed on the pressing material or on the pieces of wood (picture 3).
The fixation bolts for the top punch collector plate are undone. The fixation bolts for the mould box supports are also undone.
By means of the claws on the mould box the entire mould assembly is removed from the press by fork lift truck (picture 4).

2. Assembly of the mould
The bottom punch collector plate is placed on a levelling block. The bottom pjnehes are affixed to same, however, the fixation belts are not as yet 
tightened.
The mould box is placed onto the 2 mould box carriers, the fixation bolts, however, are not as yet tightened.
The mould box is carefully lowered over the bottom punches until the mould box carriers are seated on the levelling block. Wood pieces of identical 
height are placed in the mould openings.
The lop punch collector plate wilh the attached top punches (fixing bolts not as yet tightened!) is carefully lowered in a way that the top punches 
are seated on the wood pieces in the mould box.
The mould box is raised uniil the steal pins can be inserted into the bores in the bottom punches, the mould box supports and the shackles of the 
mould box.
The fork lift iruck now transports the whole mould assembly to the press. The fixation bolts of live bottom punch collector plate and of the mould box 
Supports are fixed in place, however, not as yel lully tightened.
The crosshead is lowered so far that the fixation bolts of the top punch collector plate can be bolted in place.
Now all these fixing bolts are tu:ly tightened up but not those referring to the punches to the punch collector plates.
In setting up trial operation on a dry run, lop and bottom punches are careiully and slowly raised and lowered ono time, this results ■. a precise self- 
centering. Now ihe fixing bolls o( the punches lo the collector plates are fully tightened up.
In the case of other mould assemblies, please proceed correspondingly.
If a height-adjustable volumotiic charger is allixed to the mould table, by push button the charger can within, r. few minutes be moved to exactly the 
same heigh! as the top side o( the mould box.
Thus the need for underpinning mould box and/or mould box supports is obviated and a great lot of trouble and time is saved.
This method ot mould charge is by far superior to any other melhod and requires in an ideal way only a minimum of work time.
Therefore with this melhod there is no need for supportive measures such as a mould table being open on one side or for cumbersome and most 
expensive mevo-in apparatus lor mould boxes.Besides, the disadvantage of mould adapiois which always call tor the same mould dimensions has 
thus been eliminated.
Another important feature rendering mould changes much easier is the aspect that HORN presses otter plenty c l moving space lo the mould 
change crow around the mould insiallation area oi Ihe press, enabling thorn lo carry out this job most rapidly. No otlier press otters Ihcsc special 
easy woiking and cost reducing facilities.



Changement de Moules très rapide
1. Démontage du moule
Le dessous du châssis de moulage f î t  muni sur deux celés d'une attache avec alésage. Les poinçons inférieurs cxléi ieurs ainsi que les supports du 
châssis de moulage ont les mémos alésages, (illustration 1 ) -  Tous les alésages se trouvent sur un même plan vertical.
Le châssis de moulage uct abaissé jusqu'à l'alignement de tous les alésages.
De chaguo cote un boulon d'acier csi poussé par les alésages, ainsi le châssis de moulage et les poinçons inférieurs sont raccordés, (illustration S) 
Les vis de fixation de la plaque collectrice pour les poinçons inférieurs sont dévissées Un peu de malcrie' de pressage ou bien des pièces rie bois à 
hauteur égale sont placés dans les ouvertures du moule.
Le sommier de presse est abaissé jusqu'à ce que les poinçons supérieurs s'appuient sur le matéria! de pressage ou bien sur les morceaux de 
bois, (illustration 3)
Los vis de fixation de la plaque collectrice pour les poinçons supérieurs sont dévissées. Les vis de fixation pour les supports du châssis de moulage 
son! également dévissées.
Se servant ries ondes au châssis de moulage tout l'ensemble moule est transporté hors de la presse par un chariot élévateur à fourche, (illustration 4)

2. Montage du moule
La plaque collectrice pour les poinçons inférieurs est placée sur une plaque à dresser. Les poinçons inférieurs y sont fixés, cependant les vis de 
fixations ne sont pas encore serrées. Le châssis de moulage est placé sur les deux porteurs ou châssis de moulage, les vis de fixation ne sont pas 
encore serrées.
Le châssis de moulage est abaissé avec précaution au-dessus des poinçons intérieurs jusqu'à ce que les porteurs du châssis de moulage s'appuient 
sur la plaque à dresser. Des morceaux de bois à hauteur égale sont placés dans les ouvertures du moule.
La plaque co'iectrice des poinçons supérieurs avec les poinçons supérieurs y fixés (dont les vis de fixation n'ont pas encore été serrées) est abaissée 
avec préca; ¡lien jusqu'à ce que les poinçons supérieurs s'appuient sur les morceaux de bois dans le châssis de moulage.
Le châssis de moulage est soulevé jusqu’à ce que les boulons en acier peuvent être poussés dans les alésages dans las poinçons inférieurs, dans 
les supports du châssis de moulage et dans les attaches du châssis de moulage
Le chariot élévateur à fourche transporte l'ensemble installation de moule dans la presse. Les vis de fixation de la plaque collectrice pour tes 
poinçons inférieurs et das porteurs pou; le châssis de moulage sont vissées à butée, mais pas encore serrées.
Le sommier de presse est abaisse de manière à pouvoir visser les vis de fixation de la plaque collectrice des poinçons supérieurs.
Maintenant toutes ces vis de fixation sont serrées.
Pour l'ajustage à titre d’essai on fait montar et descendre les poinçons supérieurs une fois avec précaution, il en resulte un auto-centrage très précis. 
Ensuite las vis de fixation des poinçons à leurs plaques collectrices sont bien serrées.
Pour d’autres ensembles moules on procédera de façon correspondante.
Si une- alimentation volumétrique à hauteur ajustable est montée à la table-moule de la presse, on appuie sur un bouton et dans peu de minutes 
l’alimentation prend vite sa position exacte à la môme hauteur que le coté supérieur du châssis de moulage.
Ainsi on n'a plus besoin de placer des subsiructions sous le châssis de moulage et/ou bien sous tes supports du châssis de moulage ce qui coûterait 
beaucoup d'etiorts et de temps.
Cette méthode pour le changement de moules est nettement supérieure à toute autre méthode et nécessite vraiment un minimum de temps, elle est 
donc imbattable I
Pour cette raison des mésures accessoires telles que la table-moule ouverte d'un coté ou bien des dispositifs mobiles très coûteux pour la mise 
en place des châssis de moulage ne sont plus necessaires.
De plus, on évite le désavantage d utiliser des adaptateurs de moules qui exigent toujours les mêmes dimensions.
Un allégement supplémentaire très important lors du changement de moules est le fait que les prêt.  as reír' -faites HGP.N offrent beaucoup d'espace 
d'utilisation dans le secteur d'instalration de moules au personnel char g _ d'efiectuer le changeme. . ">_ . ie " , '’t donc au personnel de faire son 
travail très vile. Aucune autre presse n otfre tant d'espace d'utilisation pour ce travail.

Cambio Rápido de Moldes
1. Desmontaje del molde
La caja de moldes tiene en su parte interior, en dos lados, una brida con tatadro. Los punzones interiores exteriores y los soportes de la caja tienen 
taladros correspondientes.
Todos los taladros están en un plano vertical
La caja será bajada hasta que todos los taladros estén en linea. Se introduce un perno de acero en cada lado, así quedan unidos punzón interior y caja. 
Se destornillan los tornillos de fijación de lu placa colectora de punzones inferiores
Se introduce algo de masa o piezas de madera de idéntica altura dentro de las aperturas del motee. Se baja el carro de prensado hasta que el 
punzón superior descanse sobre la masa o los tacos de madera.
Se destornillan les tornillos de fijación do la placa colectora de los punzones superiores. Se desternillan los tornillos de fijación de los soportes de 
la caja. Por medio de las garras de la caja se saca el molde completo con una carretilla elevadora.

2. Montaje del molde
La placa colectora de punzones inferiores será colocada sobre una placa de enderezar. Se fijan los punzones sin apretar los tornillos.
Se coloca la caja sobre tes dos soportes de la caja sin apretar los tornillos
Se baja cuidadosamente la caja sobre los punzones inferiores hasla que los soportes estén colocados sobre la placa de enderezar. Se colocan los 
tacos de madera de altera idéntica, dentro de las aperturas del molde.
La placa colectora de los punzones superiores con sus punzones colocados, con los tornillos sin apretar será bajada cuidadosamente hasta que 
los punzones superiores descansen sobre los tacos de madera dentro de la caja
Se levanta la caja hasla que se pueda pasar los pernos de acero por los taladros del punzón inferior, soportes y bridas de la caja.
La carretilla elevadora transporta todo el molde hasta deniro de la prensa. Se atornillan los tornillos de la placa colectora de los punzones interiores 
los de los sopodes de ¡a caja al tope, pero sin apretar
Se baja el cairo de prensado hasta que se pueda atornillar los tornillos de fijación de la placa colectora de los punzones superiores.
Ahora se aprieten todos estos tornillos de fijación.
En la operación de enrierezamienio se sube y baja cuidadosamente los punzones superiores e interiores, una sola vez; se autocentralizan con 
exactitud. Ahora ss aprietan tes tornillos de fijación de las placas colectoras de punzones. (Punzones - placas)
En el caso do olios tipos de moldes, se procede en el mismo sentido
Si a la mesa de la prensa está acoplnda una instalación do alimentación volumétrica con ajuste de la altura, se sube esta en pocos minutos a la 
altura exacta del canto superior de la caja de moldes, pulsando un botón Asr se evita el trabajo muy lento de sobreponer la caja y/o los soportes. 
Esle sistema de cambio de moldo es superior a todos los otros y se emplea solamente un mínimo cié tiempo.
No existen trabajos auxiliares, ni la necesidad de tener la mesa abierta por un lado, ni instalaciones de acoplamientos caras.
Tampoco se emplean adaptadores, que exigen medidas de lor. moldes siempre uniformes.
Otra ventaja del cambio de moldes dentro de la prensa l IORN es el gran espacio existente, superior a todas las otras prensas, que facilita el mo
vimiento del personal que cambia los moldes.
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£ P  =  e infach w irkende P re s s e  m iì Coppeldruck-Etfekt 

D P  =  doppettw irkende P re s s e  mit vo liem  Doppe'.cruck .̂>■3 L i

j

Lu

Fundam ent:

Alle E P  und D P  P re sse n  w erden  auf ebenem  Boden aufgeste ilt und benótigen ke ine  Fund am entg rub e.

Konstruktion und Funktion:

Se it Ja h rzeh nten  bew àhrte  robuste 4-Sàu len-Konstruktion . PreBschlitten  und Fo rm en au fsp an n rah m en  sin d  in d en  4 
Sà u le n  verkantungsfre i gefuhrt.

D ie E P  P re sse n  haben  nur e inen  hydrau lisch en  D ruckzylinder, d er im O berteil d er P re s s e  e in g eb a u t ist und vor. oben  
wirkt. E r  ist mit E ilg an g  in beiden  Hubrichtungen ve rseh en . D ie mit dem  PreBschlitten  stab il verb undene, stark  d im en- 
s ìo n ierte  K o lb enstan g e  ist in groBem  A bstand  durch e in e  untere Fù h ru n g sb u ch se  im Z y lin d er und Fu h run g sring e  im 
Kolben s ich e r gefuhrt.

Die D P  P re sse n  s in d  zu sàtzlich  mit einem  zw eiten  hydrau lischen  D ruckzylinder au sg erùstet, d e r  im FuSteil der P re s s e  
eingebaut ist und von unten nach oben wirkt.

B ei den E P  P re s s e n  liegt d er U nterstem pel unbew eglich  fest auf einem  Am boB, bei den  D P  P re s s e n  hingegen w ird  
d er U nterstem pel von d er K o lb enstan ge d e s  unteren D ru ckzylin ders auf und ab bew egt.

D E R  A U S S T O S S  wird bei alien  P re sse n  durch zw ei hydrau lisch e  A u sstoB zy linder bew irkt, d ie  am  Kopfteil der P re s s e  
m ontiert sind . D ie K o lb enstan gen  be ider A usstoB zy linder drucken  nach dem  P re sse n  den  in den  4 S à u le n  gefùtìrten  
A ufspannrahm en sam t d er Form  so  lange nach unten, b is d er auf dem  U nterstem pel lieg end e  PreB ling  abgenom m en  
w erden  kann.

D E R  FO R M E N A U FSP A N N R A H M E N  kann ùber W ahlschalter w ie  folgt gesteuert w erd en :

O  E r  kann unbew eglich  b lock iert w erden

G E r  kann „frei sch w eb en d" e ingestellt w erd en . Bei b eg in nen d er W andungsreibung gibt d e r  R ahm en  mit der aufge-  
sponnten Form  in Preflrichtung nach. D ie  Forn i sch iebt sich  ubor den  U nterstem pel. D adu rch  wird indirekt von  
unten ein n ahezu  g le ich  groBer PreBdruck w ie  von oben erz ie 't (Schw ebeform -Prinzip).

Bei den D P  P re sse n  wird d ie  Form  beim  zu sàtzlichen  PreBvorgang von unten durch d ie  W andungsre ibung  w ied er  
nach oben g esch o b en  (D op pelschw ebeverfahren).

O  E r  kann nach je d e r V o rpressung  bei D ruckentlastung um ein vo rg egeb enes MaB nach unten versch o b en  w erd en . 
H ierdurch w ird d er Form enversch le ifl erheb lich  verringert.

V O R P R E S S E N : E b en fa lls  ùber W ah lsch a lter kònnen 1, 2 e d e r  3 V o rpressu n gen  p r o g r e s s i  e ing este llt w erden. D ie  
W ahlschalter s ind  so  ausgelegt, daB d as U m schalten  nach je d e r V o rpressung  entw ed er w eg eab h àng ig  ùber End sch a l-  
ter o der druckabhang ig  ùber K ontaktm anom eter erfolgt.

E N D P R E S S D R U C K : D as E n d e  d e s  PreBvorgangs erfolgt, e inste llbar ùber W ah lschalter, w eg eab h àng ig  m ittels End-  
sch a lter oder d ruckabhang ig  m ittels Kontaktm anom eter.

A U S S T O S S  U N T E R  A U F L A S T  kann eb enfa lls  ùber W ah lsch a lte r eingestellt w erden. D er O b erstem p e! bleibt dann  
m in d eslen s so  lange auf dem  PreBling steh en , bis d ie O b erkante  der Form  bei der A b w àrtsb ew eg un g  d ie  O b erkante  
d es PreG lings erre icht hat.

V O L L A U T O M A T IS C H E R  B E T R IE B  wird durch die am F o rm enaufspannrahm en ang eb aute  ro b u ste  vo lum etrìsche  Be-  
sch icku n g san lag e  erinòglicht. Um  eine  g le ichm aBige Befùllung d er Form  zu e rz ie len , kònnen  bei schw ierigen  PreB- 
m a ssen  m ehrere  Rùtte lbew egungen des Fù llw ag en s e ing esch a lte t w erden. D ie  PreB linge w erd en  von pneum atisch  
betàtigten G re ile rn  au sgetragen  und abgesetzt. D ie G re ifb re ite  d er G re ife r is» leicht verste llb ar. F a lls  erforderlich , kòn- 
non d ie G re ife r rasch  abgebaut w erden. A uB er den norm alen  G reifern  fùr R ech teck-Form ate  kònnen  auf W unsch auch  
Sp ez ia lg re ife r tur R O H R E  gelieferf w erden.

Fùr d ie H erstellung  von K E IL S T E IN E N  w ird auf W unsch e ine  Steuerung  vo rg eseh en , w elch e  d ie  B ew eg ung en  d es  
Fù llw ag en s e in e rse iis  und d es Form cnaufspann rah m en s a n d ere rse its  so  koordiniert, daB e in e  ke illge  Befùllung der  
Form  erzie lt w ird. Damit d ie keiligen PreB linge auch b oschàdigungsfre l gegrlffen und ab g ese tzt w erden  kònnen, w ird  
auf W unsch fùr d ie  G re ife r e in e  K ippvorrichtung m itgeliefert.

S P R Ù H E N : Zum  B esp rùh en  d er O b ersten ip el und der hohlen Form  kann auf W unsch  e ine  autom atische , pneum atisch  
betàtigte Sprùhvorrichtung  geliefert w erden, d ie arn Fù llw agen  angebaut v/ird.

F tE G U LIE R U N G  D E R  F IJL L H O H E  erfolgt durch eine o lektro-hydrau lische Steuerung  J e  nach E in ste llu n g  e ines End -  
s c iia lie rs  bleibt dor Form enau ispanr.rahm en  mit der Forni beim  Fùllvorgang hòher odor tiefer stehen .
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REGULIERUNG DER FÙLLHÎ3HE VON’ HAMD: Der Bedienungsmann kann übe' einen ferngesteuerten Steilmotor don 
betiefíenclen Endschalter vcrstellen und das gewünschte ± VerstelimaB an einer ¡m Bedienungspult eingebauten 
Skala ablesen.

A U T O M A T IC H E  R E G U L IE R U N G  D E R  F Ü L L H O H E : D a s  Kom m ando für d ie  Betatigung d es  Steüm otors kann auch  
autom atised g egeben  w erd en . und zw ar atternativ in e ine r d er beiden nach steh en d  b esch rieb en en  W eisen :

G  D er EndpreBdruck w ird a is  So ilw ert an  e inem  Kontaktm anom eter vorg egeb en . end  d ie  P re3 ü ng sh ô h e  v.'ird kon- 
trolliert. Z u  tíicsem  Zw eck  w ird d er B ere ich  d er zu là ss ig en  H o h en to lercn z m ittels zw e icr  g eg er.e in an d sr verstell- 
b arer End sch a lter eingestellt. B ai E rre ich en  d es  End p reB d ru cks w ird der A b stand  zv.'ischen O ber- und Unlerstem - 
pel. also  d ie  ta tsàch lich e  P reS lingstiòh e. g em essen  und mit dern e ing estellten  T o le ran zb ere ich  verg lichen.

<s D ie PreB lingshòhe w ird a!s So ilw ert m ittels e in es  E n d sch a lte rs  vo rg eg sb en . und d er EndpreB druck w ìtd kontrol- 
liert. Zu d iesem  Z w eck  wird d e r  T o leran zb ere ich  d e s  zu là ss ig en  E n d p ie B d ru ck s  an  e inem  M anom eter mit zw ei 
Kontakten e ingestellt. So b a ld  der durch den  E nd sch a lter vorg egeb ene  A b stand  zw isch en  O ber- und U nterstem pel, 
a lso  d ie P reB lingshòhe, erre icht ist. wird d er dabei h errsch en d e  End p reB d ru ck  mit dem  eingestellten  T o le ran zb e 
reich verg iichen. V o rte il: H òhenm aB und D ichte d es  PreB ling s w erden  g le ichzeitig  kontrolliert.

In be idsn  Fa llen  wird bei Ü ber- Oder U nterschreiten  d e s  zu làss ig en  T o le ra n zb e re icn e s  d ie  F iilih ò h e  um e inen  be- 
stim m ten, jcd cch  e inste llbaren  Betrag  veràndert. Bei hom ogen au lbere iteten  M assen  w ird der So ilw ert nach e iner  
oder zw ei au iom atischen  K orrekturen  d er Fü ilho he w ieder erreicht. Z u sà tz lich  kann d er Befeh! geg eb en  w erden, d ie  
unzulànglichen PreB linge autom atism i zu m ark ieren  o der au szuso nd ern .

E L E K T R O N IS C H E  M E S S -  UN D V E R S T E L L V O R R IC H T U N G  F Ü R  D IE  F Ü L L H O H E : A u i W unsch kann e in e  vollautom ati- 
sch e  e lektron ische  MeB- und V erstcllvorrich lung  geliefert w erden. D er So ilw ert d er P reB lingshò he, d er B ere ich  der 
H ch ento leranz und d as Verd ich tungsverh àltn is w erden  e ingestellt und e lek tro n isch  g esp e ich erl. D er Befeh l für den  
B eginn der M essung  wird bei Erre ich en  d e s  End p reB d ru cks vom Kontaktm anom eter g eg eb en . N ach D ruckentiastung  
wird d er A bstand zw isch en  O ber- und U nterstem pel, a lso  d ie  Hòhe d e s  P reB lings im entspannten  Z u stan d , von ei- 
nem W egau lneh m er g em essen . M eBwert und So ilw ert w erden e lektro n isch  verg lichen . Auf einem  A n ze igeg eràt kann  
ab g e lesen  w erden, ob der M eBw ert innerhalb  oder auBerhalb  d e s  m arkierten  T o le ran zfe ld e s  liegt und w ie hoch der 
PreBling tatsàch lich  ist. Ober- o der unterschreitet der M eBwert d ie  T o le ra n zg re n ze , w ird  d ie  F iilih ò h e  stu fen los in 
einem  Schritt entsprechend  korrig iert. D er k le inste  e lektron isch  gesteu erte  K orrekturschritt ist 0,1 mm. V o rte il: Hò
henm aB und D ichte d e s  P re3 ling s w erden  g leichzeitig  kontrolliett und e in e  K orrektur d ei Fù llhò he stufen los in einem  
Schritt vorgenom m en. D adurch wird d ie  A usschuBquote  auf ein M inimum verringert. AuBerdem  kann zu sàtz lich  der 
Befehl gegeben  w erden, d ie  unzu làng lichen  Prefilinge autom atisch zu  m ark ieren  o d e r  au szu so n d ern . D er A nschluB  
e in e s  Sch re ib g erates ist e b en fa lls  niòglich.

Z E N T R A L S C H M IE R U N G : A lle  P re sse n  sind  mit e iner m otorisierten, auf g eringste  D o sierung  e ingestellten  Zentral- 
schm ierpum pe ausgerüstet, d ie  a lie  Sch m ierste llen  kontinuierlich und a u sre ich en d  versorgt.

E N D S C H A L T E R : A lle  E n d sch a lte r  s in d  b eriih rung slo s und g eben  bei Funktion  ein  Leu ch tsig n a l.

D IE  H Y D R A U U K  ist gut zudSnglich  in e inem  sep araten  staubdicht a b g e sch lo sse n e n  Aggregat untergebracht, d as  
rechts oder links von d er P re s s e , euch unter F lurhò he versenkt, aufgestellt w erd en  kann . A lle  e ingebauten  Hydrau- 
likteile haben sich  bei den typ ischen  B etrieb sbed ing ung en  der Feuerfest-lnd u strie  b esten s  bew àhrt. G roBe Luftfiiter 
mit k le iner M aschenw eite  so rg en  für den Luftaustausch . D a s  ÜI wird kontinuierlich  über e inen  G lfilter mit leicht aus-
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w cc ï'o c ¡bareni F iüeru in satz m il k lem cr M aschem veite  gefütert. Verschm utzung  d es  F ilie re  w ird optîsch an g eze ig t. 
Ventile  ur.d Fu m p cn  sin d  w ettgehend fur a ile  P ressen typ cn  d ie  g le ich cn . E in e  rationeile  Ersatzteühaltung  ist optim al 
gew âhrie istet.

H e izstâb e  sovvie ein  VVasscr-OlkülV.er s o rç e n  th erm o statg esleuert für optim ale O ltem peratur.

S C H A L T S C H R A N K : D ie e lektrisch e  Steueru ng  ist serienm àB ig  mit bew àhrten  ko n venticne llen  B au e lem en ten  be-  
stvickt.

Au? V/unsch kann stati d e sse n  e ine  e lek trcn isch e  Steuerung  geliefert w erd en  S ie  besteht a u s  e inem  integrierten  
H alb ie ite r-S ch a ltkre is-S /stem , d a s  b inare  Fu nktio n sg lieder und d ig ita le  Funktionseinheiten  umfaBt.

D ie Steuerung  ist unter Berücksichtigung d er W o rst-C ase-B ed in g un g  ausgelegt. V O R T E IL E : extrem  ku rze  Sch a ltze iten , 
ie ichte  A u sta u sch b arke it d er e inze ln en  E in sch ü b e  in F lach b a u w e ise , S ich erh e it çe g e n  Sp a n n u n g se in b rü c iie , ze rstò -  
run g ssich er gegen  C lberspannungen, extrem  ho he Stò rsich erh e it durch A n sp rech verzô g erun g  von 3  m s bei a llen  Zeit-  
und S p e ich erg lied ern , S ig n a lstan d  „ 0 "  bei D rahtbruch und E rd sc h lü sse n .

S C H A L T F U L T : Fü r d ie  P ressen b ed ien u n g  ist e in  sép a râ te s  Schaltpu lt vo rg eseh en . E s  enthâlt a ile  Sch a lter. d ie  zum  
B eirieb  d er P re sse  notw endig s in d , ferner d ie  Kontaktm anom eter und d a s  A n ze ig eg eràt für d ie  R eg u lierung  d e r  Fü ll-  
hôhe.
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B E S O N D E R E  V O R T E IL E :

O  F ü r  je d e  gew ünsch te  Ste inqualitàt kann d ie  optim ale PreStech nik  gew âh lt w erd en .

O  D ie  Kom bination  von: Schw ebeform , H ochdruckpum pe mit se h r  w eitem  R eg e lb ere ich , p ro g ressivem  V o rp re sse n , 
A u ssto B en  unter Auflast und, bei b e so n d e rs  schw ierigen  P re3 m a ssen , d a s  V o rh an d en se in  e in e s  unteren P re lî-  
zy lin d ers  erm ôglicht d ie rationeile  H erste llung  von Ste inen  unter au tom atischer A n p assu n g  d er V erd ich tu n gsku rve  
an  d ie  sp e z if isch e  PreBkurve der jew e ilig en  M asse .

©  W ann im m er vo llautom atischer Betrieb  sich  nicht lohnt o d er tech n isch  nicht m ôgiich ist. kann d ie  vo lu m etrisch e  
B esch icku n g  au sg esch a ltet o der o hne gro lîen  Ze itverlust dem ontiert w erden.

S O N D E R Z U B E H O R :

Auf W unsch  kônnen zu sàtz lich e  E inrichtungen  geliefert w erd en , z . B .:

O  e in  R ü hrw erk , d a s  o berhalb  der vo lum etrischen  B esch icku ng  angeo rdnet wird. E s  d ient zum  N achm isch en  d e r  
P reG m asse , d ie  auf dem  Transp o rtw eg  zur P re sse  m cgU cherw eise  entm ischt hat.

O  T ran sp o rtb an d  für d ie  Zufuhr der P re S m a sse  zur P re sse . D as Band  w ird  von  c in e r  Fü llstan d so n d e  in  d er B esch ik -  
ku n g san lag e  der P re s s e  gesteuert.

O  T ran sp o rtb an d  für d a s  A btragen d er fertigen PreO linge. D a s  B and  w ird vom  P ressen tak t g esteuert.

O  au lo m atisch e  G re ife r für R o h re

©  au îo m atisch e  Vorrichtung für d ie H erste llung  von Stopfen

©  kom plette Form en  für a ile  gângigen  Form ate

©  Sp ezia lfo rm en  fur Stopfen, Sch ieberp latten , K assetten  etc.
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E P D P PreBkraft A u sslo BkraM Fü ü h ó h e G ew ích t ü lm e n g e M otoren-

E in fa ch w irk e n d e D o p p e llw irk e n d e P r e s s e  +  A ggrogat le istung

P re m e n P re s s e n (MN) (MN) (mm) (t) (D <kW)

200/22 200/22 2000 670 220 19 +  3 1800 56
200/52 200/52 20C0 670 520 2 1 + 3 1600 53
£00/70 2C0/70 2000 1000 700 22 +  3 1600 5G

3CC/22 300/22 3000 670 220 20 +  3 1800 56
3C0/52 300/52 3000 670 520 22 +  3 1800 56
300/70 300/70 3000 1000 700 23 +  3 1800 50

400/22 400/22 4000 670 220 2 1 + 3 1800 56
400/52 400/52 4000 670 520 23 +  3 1800 56
400//0 400/70 4000 1200 700 24 +  3 1600 5)6

500/22 500/22 5000 670 220 22 +  3 1800 56
500/52 500/52 5000 670 520 24 +  3 1800 56
5C0'70 500/70 5000 1200 700 25 +  3 1300 50

e co /22 600/22 6000 670 220 23 +  3 1800 74
600/52 600/52 6000 670 520 25 +  3 1C00 74

600/70 600/70 6000 1200 700 27 +  3 1800 74

300/52 800/52 8000 2000 520 30 +  3.5 2800 74

800/70 800/70 8000 2000 700 32 +  3,5 2300 74

1000/52 1000/52 10000 2000 520 45 +  3,5 3200 86
1000/70 1000/70 10000 2000 700 47 +  3,5 3200 86

12C0/52 1200/52 12000 2000 520 65 +  4 3200 109
1200/70 1200/70 12000 2000 700 67 +  4 3200 109

1400/52 1400/52 14000 2000 520 72 +  4 3200 129
140C/70 1400/70 14000 2000 700 74 +  4 3200 129

1000/52 1600/52 16000 ‘2000 520 80 +  4 3200 129

1600/70 1600/70 16000 2000 700 82 +  4 3200 129

2000/52 2000/52 20000 400C 520 95 +  4 3200 151
2C00/70 2000/70 20000 4000 700 98 +  4 3200 151
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E P  DP a b c d e f g h ì k 1 m n • q r s t li

2C0/22 220 1000 3500 270 430

2300 1250 2380 2045 1200 500 2000 2500 1400 380

4750 1760

900200/52 520 1350 4950 570 730 6300 2570

200/70 700 1600 5660 7CC 920 7100 3200

300/22 220 1000 3500 270 430

2300 1250 2380 2045 • 1200 500 2000 2500 1400 380

4750 17S0

900300/52 520 1350 4950 570 730 6300 2570

3CCv'70 700 1600 5860 760 920 7100 3200

<100/22 220 1000 3500 270 430

2300 1250 2380 2045 1200 500 2000 2500 1400 380

4750 1780

9004C0/52 520 1350 4950 570 730 6300 2570

4CC/70 700 16C0 5860 760 920 7100 3200

500/22 22C 1000 3500 270 430

2300 1250 2380 2045 12C0 500 2000 2500 1400 380

4750 1780

900500/52 520 1350 4950 570 730 6300 2570

500/70 700 1600 5860 760 920 7100 3200

600/22 22n 1000 3600 270 430

2300 1600 2630 2200 1200 500 2000 2800 1330 630

4850 1730

900600/52 520 1350 5100 •570 730 6400 2570

600/70 700 1500 6000 760 920 73C0 3200

C0Q/52 520 1500 5500 570 eoo
25C0 1600 2630 2200 1340 740 2000 2800 1330 630

6800 2720
1000

£00/70 700 1700 6600 760 990 7900 3300

1000/52 520 1500 5500 570 800
3000 1900 3130 2220 1400 800 2500 3500 1530 730

6900 2720
1000

1000/70 700 1700 6600 760 990 7900 3300

1200/52 520 1600 5800 570 800
3000 1900 3130 2220 1400 990 2500 3500 1510 710

7200 2820
1000

12C0/70 700 1300 6700 760 990 8100 3400

1400/52 520 1600 5800 570 800
3000 1900 3130 2220 1400 900 2500 3500 1490 690

7200 2820
1000

1400/70 700 1300 6700 760 990 8100 3400

1600/52 520 1600 5900 570 800
3000 1900 3130 2220 1400 900 2500 3500 1450 650

7300 2820
1000

15G0/70 700 1300 6800 760 990 8200 3400

2000/52 520 1800 6000 570 800
3500 1900 3130 2220 1900 1030 3100 3700 1950 850

7400 3020
1400

2000/70 700 2000 6900 760 990 8300 3600

K





DORSTENER DREHÏiSCHPRESSE MDP 250 
die kompakte Maschine mit der groBen Leistung 
-bewahrt seit Jahrzehnten-
Mit d e r D O R S T E N E R  M DP 250 steh t d er  
Baustoffindustrie  e ine  bew ahrte  
H o ch ls is îu n g s-D re h tisch p re sse  
zur Verfügtm g. d ie  durch ihre unkom pli- 
zierte , robuste  B a u w e ise  d ie  w irtschatt- 
liche H erste llung  e inw andfreier B au ste in e  
s u s  K alksan d -G efR isch , Sch la ck en sa n d , 
T ro ck e n sc liic fe r , F lu g a sch e  und ver-  
g lc ich b aren  G rundstoffen  gew àhrle istet. 
D is m e ch a n isch e  D O R S T E N E R  P re s s e  
M DP 250 arbeitet a !s  D reh tisch p resse  
mit 12 bzw . 1S PreBform en nach dem  
R svo lverprin zip . W àhrend  d er T isch -  
Stillsta n d sze iten  w erden  an versch ied e-  
nsn  P o siticn e n  g le ichzeitig :

©  P reB m a sse  cingefullt,
O  P reB m a sse  gepreBt,
G  P re3 ling e ausgesto Ben ,
©  PreB linge abgenom m en,
O  Stem pelp latten  gereinigt.
D ie se  optim aie A rb e itsw e ise  gew àhr
le istet e in e  se h r  h o h s A usstoB le istung . 
D ie  P re s s e  ist eingerichtet tur 
H and ab nahm e d er Ste in e  und laBt s ich  
durch e infachen  Anbau e in e s  Ste in -  
abnahm e- und Stap e lg eràtes tur den  
Autom atikbetrieb  mit elektro- 
m ech a n isch er Steuerung  um rùsten.
D ie  P roduktionsle istung  betràgt je  
Stu nd e  bei H andabnahm e

2800 PreB ling e z. 6 . im Form at N F  
=  240/115/71 mm. B e i E in sa tz  e in e s  
Ste in ab n ah m e- und Stap e lg eràtes erg ibt 
s ic h  e in e  P ro d u ktio nsle istu n g scrhò hu n g  
auf ca . 4200 Ste in e  pro Stunde.
D ie  S te in e  kònnen  flach gepreBt zu r  
H and ab stape lu ng  o der seitkant gepreBt 
z u r  autom atischen  A bstapelung  
h erg este llt  w erden.
D ie  Form ano rdnung  bei H andabnahm e  
gestattet auch d ie  H erstellung von 
S te in e n  mit M òrtelm ulden.
D ie  gepreBten S te in e  sind  scharfkantig , 
m aBhaltig und a ls  S ich tm auerste ine  
verw end b ar.
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M anuelles Abnehm en und A b se tzen  d e r P reB linge auf d ie H àrtew agen ^  
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O b en  links: P ressen d re h tisch  mit Ste inroh lingen  
Unten links: D a s  stab ile  P re sse n g e h à u se  mit 
In spektio n sò iinu n gen  zur leichten Pflege und  
W artung der Innenteile
O b en  rech ts : B estap elte  W agen w erden  in e inen  
geòffneten H à rtek esse l gezo gen  
Unten rech ts : Ausv/ahl D O R S T E N E R  Q ualitàts- 
V ersch le iB te ile
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D0R3TENER ROTARY TABLE PRESS MDP 2c
liie compact machine giving a high output
- proven for decades-
The bu ild in g  m ateria l in d u stry  h a s  at 
its d isp o sa l the  high-output rotary 
table p ress  D O R S T E N E R  MDP 250 
g uaran tee in g  the e co n o m ic  p ro d u c tio n  
c !  b r ic k s  m ade  o f a san d  and lime 
mixture, s lagsand , dry slate , flyash o r  
similar m aterials. The m echa n ic  
D O R S T E N E R  p re s s  MDP 250 u s e s  
12 m oulds and 18 m oulds re sp . 
in the revo lv in g  tab le .
A t the s to p p in g  p o in ts  o f the revo lv in g  
p ress- ta b le

©  m o u lds a re  tilled .
©  b rick s  a re  p re s s e d ,
©  g reen  b r ic k s  a re  e je c te d ,
0 g reen  b r ic k s  a re  taken-off,
O  ram  p la te s  a re  c le a n e d  

at the  sa m e  tim e.
T h is  optim um  o pera tio n  g u a ra n tee s  
a ve ry  h igh outpu t. The  p re s s  ca n  e a s ily  
b e  co n v e r te d  from  m anual operation  
to  autom atic operation b y in s ta llin g  
a b rick  take-otf an d  s ta ck in g  d e v ic e  
w ith e lec trp -m ech a n ic  co n tro ls .
The m anual-operation  outpu t is

2.600 b r ic k s  of s iz e  N F  (240/115/71 mm, 
lo r  exam p le . The outpu t can  be  
in c re a se d  to 4,200 b r ic k s  p e r  hou r app i 
b y  in sta llin g  a take-o lt and  
sta ck in g  d e v ice .
B r ic k s  can  b e  p r e s s e d  in  the m ou lds  
flat fo r m anual take-off o r  upright 
fo r autom atic sta ck in g .
The  fla t-p ressin g  a rran gem en t p erm its  
the p rod u ctio n  o f fro g -b ricks .
B r ic k s  p ro d u c e d  on th is m ach ine have  
sh a rp  a r r is e s , a re  a ccu ra te  to s iz e  
a n d  have fa c in g -b rick  quality .

g reen  b r ic k s  b e in g  taken-off a n d  s ta ck e d  m anually o n  h a rd en in g  c a rs
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: to p , le ft : rota ry tab le  v/ith g reen  b r ick s  
' bottom , le ft : s tu rd y  p re s s  h o u sin g  with in sp e c tio n  
■ d o o rs  to r e a sy  se rv ic in g  an d  m a in ten a n ce  o f the 

in te r io r  p a rts
! to p , r ig h t : s ta ck e d  ca rs  be in g  d raw n into an open  
î a u to c la ve
I  b o ttom , r ig h t: se le c t io n  o f D O R S T E N E R  quaHur 
i w ea rin g  p a rts



V o r i s ü e  d e r

DORSTENER MDP 250

&  H O C H S T E  p r o d u k t i v i t â t

durch g le ich ze itig es Fü llen , P ressen , A usstoB en  und  
A bnehm en,

©  G E R IN G S T E R  P F L E G E -  UN D W A R TU N G SA U FW A N D  
durch ko m p3ktes P ressen g eh à u se , d a s  d ie  
b ew eg lich en  T e ile  d er M echanik schützt,

©  M IN IM A LE W A R T U N G S Z E IT E N
d a durch zen tra le  Fettsch m ieru ng san lag en  d ie  
S ch m ierste llen  w àh rend  d e s  B etrieb es autom atisch  
verso rg t w erd en ,

©  JA H R Z E H N T E L A N G E  N U TZU N G
aufgrund d e r  stab ilen , robusten  Konstruktion,

O  E IN F A C H E  B E D IE N U N G
bei Hand- Oder auch b e i Autom atik-Betrieb.

Advantages of 
DORSTENER MDP 250

©  H IG H E S T  P R O D U C T IV IT Y
b y  m ea n s o f s im u lta n eo u s filling , p re s s in g , e je c t in g  
a n d  take-o ll opera tio n ,

©  M IN IM U M  M A IN T E N A N C E
re q u ire d  d u e  to a co m p a ct p re s s  h o u sin g  
p ro te c tin g  the p re s s  m echan ism ,

©  M IN IM U M  M A IN T E N A N C E  T IM E
th a n ks to a ce n tra l lu b rica tin g  sy stem  su p p ly in g  a/f 
g rea s in g  p o in ts  a u tom atica lly  during  opera tion  
o f the  p r e s s ,

©  W O R K IN G  L IF E  F O R  D E C A D E S  
d u e  to  the s tu rd y  co n s tru c t io n ,

©  S IM P L E  H AN D LIN G
o I th e  m ach ine in m anual a n d  a lso  autom atic o pera tio n .

Mit e in e r D O R S T E N E R  P * *
M DP 250 erzeugt e in e  Kalk-  
sa n d ste in -H erste llu n g san lag e  
11 M illionen K a lk sa n d steine  
im N orm alform at pro Ja h r.
Durch E in b au  e in e r zw eiten  
P re s s e  und entsp rech en d er  
H a rtekesse l kann ohne  
gròBere Um bauten d ie  
K apazitàt d er A n lag e  auf 
22 M illionen erw eitert .
w erden, d ie sich  durch fl
autom atische Ste in abn ah m e  
und Stapelung  auf 
33 M illionen Norm alform at- 
ste ine  erhohan  lâBt.
Aufgrund d er Q bersichtlichen  
Anordnung d er  
B ed ienu n g se lem en te  kônnen  
bei autom atischem  B etrieb  l
2 P re sse n  von efnem- 
B ed ienu n g sm ann  beauf- l*
sichtigt w erden.

'■ 'T!

5
t
t

t

/■;

i
Ì
i
i
t

!f■i
ij
j

L —
A ca lc iu m -s ilica te  brick-  
m aking p lan t e q u ip p e d  with  
on e  D O R S T E N E R  M DP 250 
p ro d u c e s  V , m illion standard-  
s iz e  b rick s  p e r  yea r. T h e  
outpu t o f the p la n t can  b e  
d o u b le d  to  22 m illion b rick s  
vrithout m a jo r m o d ifica tio n s  
by in sta llin g  a s e c o n d  p re s s  
and add ition a l a u to c la ve s .
33 m illion b rick s  p e r  y e a r can  
bo p ro d u ce d  it an au tom atic ' 
brick take-o ll and  sta ck in g  
'-■-■vice is  in tro d u ced , 
th in k s  to a neat g ro u p in g  of 
:l! con tro l e lem en ts  fo r  
"■"eniatic o pera tion , two  

l o s s e s  can bo su p e rv ise d  
" f  0n(! operator.

D O R S T E N E R  2 -P ressen-A n lag e
mit Autom atikbetrieb -

und e lek tro m ech an isch er Stouerung
<■ » C» -jj- 
► - r-

Plant e q u ip p e d  with 2 D O R S T E N E R

1

p re s s e s  (autom . o pera tion  an d \  ~
e le c tro m ech a n ic  co n tro ls ) (

i

t  ‘ .
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M echan isches Abnehm en und A b setzen >1
der PreBlingo auf d ie H ârtew agen

m echan ic ta k c-o ll an d  s ta ck in g \  "•  ••

o f g reen  b r ick s  on ha rden in g  c a rs ......i
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BAUANWENDUNGEN 
VOW KALKSANDSTEINEN

CALCIUM-SILICATE BRICK 
APPLICATIONS

Wohnhaus, crbout aus Kalksandsteinen Reihenhâuser back-lo back houses made in
dwellino house in calcium-silicate brickwork aus Kalksandsteinen calcium-silicate brickwork

Verwaltungsgebaude administrative building Wohnvicrtel aus farbigen
aus farbigen Kalksandsteincn in colored calcium-silicate brickwork Kalksandsteincn in Kuwait

dwelling house with colored 
calcium-silicate brickwork in Kuwait

Technische Daten /  Technical Data Reihenhâuser back-to back houses made in
aus Kalksandsteinen calcium-silicate brickwork

Statische Belastbarkeit / s ta t ic  ra tin g : kN 2500 ‘ " .....T 7  ^

Max. Formoffnung / m ax. m o u ld  o p e n in g :  mm 250x125 / < "  ‘

Max. PreOhohe / m a x. p r e s s i n g  h e ig h t : mm 115 } :■ ?

Max. Fullhohe / m a x.  filling h e ig h t : mm 200 tk.

Max. Hubzahl / max. no. of strokes: 1400
1

/
/ ‘ ■ ’ ' * |

SteinmnOe Handabnatime 
brick size manual take-olf 

Stuck.'h Mnuer.verk 
bricks'ti brickwork

Automatikabnahme 
automatic system 

Slùck/h Mauerwerk 
bricks'h brickwork 

m’/li mVh

t
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190x 90x90 mm 2800 4.31 mVh 2800 4,31 mVh l5 _ L l R i199x 90x57 mm 2800 2,72 mVh 4200 4,07 mVh

! | i| ’
i

J

u

230x 115x75 mm 2800 5,57 m7h 4200 8,36 m7h : t

1 , ■ '
9" x 4'/:" x 3" 2000 5,54 ntVh 4200 8,32 mVh . n.

r ....... ii ft
0" x 4“ x 2V;" 2500 3,70 m7li 4200 5,55 m'/h •
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Hydraulische DORSTLNER Pressen 
HD P 600-800-1200-1200 Jumbo
D er B auste in -lnd ustrie  s le h e n  heute  
D O R S T E N E R  P re sse n  zur Verfugung, 
m il c e n c n  im g esam ten  Form at-Be-  
reich vom kle insten  Ste in  b is zum  
groBen E lem ent -  10C0m m  Lan g e  
x 000 mm Hohe x W andstarke  bis 
600 mm -  a lls  GroGen w irtschaftlich  
hergestellt vverden konnen. 
D O R S T E N E R  bietet mit den Typ en  
H O P  6 00 ,80 0 ,1 20 0  und 1200 Jum bo  
e in s  an spru chsvo lle  P ressen p alette , 
dereri w esen tlich es M erkm al doppel- 
seitig e  Verdichtung ist.

Die doppelseitige Verdichtung
garantiert:
*  H ersle llu n g  von Ste inen  und E le 

m enten mit g le ichm aB iger D ichte  
ü b er d ie  g esam te  PreBhohe,

*  W irtsch a filich e P ro d u k iio n a lle r  
Sle in fo rm ate  in vorhand enen  und  
zukünftigen M aB syslem en ,

*  H erste llung  a lle ró b e rf iá ch e n -  
form en w ie  N ut-Feder-A usb il-  
dung o do r E in p ressu n g  von Instal- 
la tio n sk an á len  und derg le ich en ,

*  H ersle llu n g  von extrem  leichten  
B au e lem en ten  durch hohen Hohl- 
raum anteil.

K D P  800
Ivi it d e r  H D P  800 kónnen B lo cke  b is  
z u  den A b m essu n g en  600 mm Lán ge  
x  300 mm H óhe x W andstarke  — von 
9 0 —600 mm — h ergeste llt w erden. 
H o he A usstoBteistungen  w erden  z. B . 
beim  Fe rm at N F durch e inen  A u ssto S  
von 16 S te in en  je  PreBhub erzie lt.
D ie  U m stellung  auf versch ied en e  
Stc in m o d u le  — z . B . vom O ktam eter- 
auf tía s  D ezim etersystem  — ist 
prob lem lo s.
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O b en : H erstellung  von D F-Ste in en  in 2 P reB re ih en
U nten: H erstellung von Ste in en  im Dezim etor-
system  in 3 PreBreihen
R e ch ls : H D P 800 mit S tap e lan la g e
C b c n : Form kastenano rdnunp  im P ressen tisch
U nten; Stapeln  von 3 D F-Steinen  auf H artew agen
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Hydraulic DORS i ENER presses 
HDP 600- 800-1200-1200 Jumbo
T o d iy  the b u ild in g  b rie f: in d u s tr ie s  
have a t the ir d isp o sa l D O R S T E N E R  
p re s s e s  co v e r in g  the w ho le  range o f 
s iz e s  from  the sm a lle s t  b r ick  to b ig  
e lem en ts  — length  1,000 mm x  he igh t 
600 mm x  w all th ick n e ss  up  to 000 m m . 
With the  typ e s  H D P 6 0 0 ,800 ,12 00  a n d  
1200 Ju m b o  D O R S T E N E R  o ffe rs  a 
co m p re h e n s ive  ra ng e  fea tu ring  
b i-d irectional co m p action .

B i-d irectional co m p actio n  g u a ra n te e s :
*  p ro d u ctio n  o f b r ic k s  an d  e lem en ts  

o f un iform  d e n s ity  o ve r the w ho le  
p re s s in g  he igh t,

*  e ffic ie n t p ro d u c tio n  o f a ll b rick  
s iz e s  b a s e d  on e x is t in g  a n d  fu tu re  
d im en sion a l sy s te m s ,

*  m anu factu re  o f a ll sh a p e s , a s  
tongue a n d  g ro o ve  b r ic k s , 
in sta lla tion -g roove  b rid es e tc ,

*  p ro d u ctio n  o f e x trem e  ligh t-w eigh t 
e lem en ts  with a  h igh  sh a re  o f  
ca v itie s .

H D P  BOO
With the  H D P  800, b lo ck s  up  to 600 mm  
len g th  x  300 mm h e ig h t x  w a ll th ick
n e s s  — from  90 to  600 mm  — ca n  b e  
p ro d u ce d . H igh ou tpu ts a re  a ch ie ve d  
b y  m u ltip le  b r ic k  e je c t io n  p e r  s tro k e , 
fo r  e xa m p le  16 b r ic k s  o f N F -s ize  a re  
p ro d u c e d  p e r  s tro k e .
The  p r e s s  ca n  b e  ch a n g e d  w ithout 
p ro b le m s to d iffe re n t b rick  m o d u le s  — 
from  the  o cta m ete r to  the  d e c im e te r  
sy s te m  fo r  e xam p le .
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A b o v e : P ro d u c tio n  o f  D F-sta n d a rd  s iz e  b r ic k s  
in  tw o  row s
B e lo w : P ro d u c tio n  o f d ec im e te r-sy stem  b r ic k s  
in  th ree  ro w s
R ig h t : H D P 800 w ith  s ta ck in g  in sta lla tion  
A b o v e : M ou ld -b ox  a rrangem ent in the  p re s s  table  
B e lo w : S ta ck in g  o f 3 D F -b rick s  on ha rden in g  c a rs



D0RS7 fcNER
HDP-Pressen -
Maschinen mit
durchdachten Details
*  G ie ich zc it ig e  und g le ich starke  V crd ichtung  durch  

oberen  und unteren P reS zy lin der,
*  K eine Delm ung ¡m A n kersystem  aufgrund e in c s  vor- 

gespannten  P re sse n g e ste lls ,
*  O ptim ale Führung  d er P reiJw erkzeuge d urch  G leit- 

ie isten ,
*  W en ige  sic!) b ew eg en d e  M asch inente ile . dadurch  

reduzierter V ersch le iB ,
*  R e ib u n g sfre ie s  E in tau ciien  d e r  O ber- und U nterstem pel,
*  Ke in  Verkanten  d e r Stem pel,
*  K e in e  V erfcrm ung en  d e s  P r e s s e n t is s e s ,
*  W arlung srreund liche  K o m paktbauw eise  d e r  H ydraulik.

DORSTENER 
HDP-presses -  
presses with well- 
considered details

*
*

*
*
*

s im u lta n e o u s  a n d  un iform  co m p a ctio n  by- m ea n s o f 
u p p e r  a n d  lo w e r  p re s s in g  cy lin d e rs , 
n o  e lo n g a tio n  in  the anchor sy s te m  dua to the p re 
s t r e s s e d  fram e,
optim um  g u id a n ce  o f  the m ould ing  to o ls  by m oans  
o f  s l id e  s t r ip s ,
fe w  m o v in g  p a r ts ;  co n seq u e n tly  re d u ce d  w ear,
n o n -a b ra s ive  m o v in g  o f the  u p p e r  a n d  lo w e r ra m s in
th e  m o u ld s ,
n o  tilting  o f the ra m s ,
n o  de fo rm a tion  o f th e  p re s s  tab le ,
co m p a c t  co n s tru c t io n  o f the h yd ra u lic  sy stem
to r e a sy  m a in ten a n ce .
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DORSTENER
Formwerkzeuge

DORSTENER
moulding tools

W a? ze ichnet die Fcrm w e rk ze u g s  d er D O R S T E N E R
H D P  - P re sse n  b e se n d e rs  a u s ?
*  K O S T E N R E D U K T IO N  durch hdhere  Stan d zeitcn  d er  

Form verc-ch;e!3t3lie aufgrund g erin g erer Belastung  
bei d o p p e lse itlp er P ressur.g ,

*  P R O D U K T lV iT ftT S ER H O H U N 'G  durch verm inderte  
Stillstanc'zeitcn  z. B. infolge sch n e ile ren  und beque- 
m eren  VVechscins d er kom pletten W erkzeuge und 
Form platten,

*  L O H N K O S T E N R E D U Z IE R U N G  durch e lektrisch e  
B eh cizu n g  d er O b er- und U nterstem pel, dadurch  
Selbstre in lgung  von M asseru ck s ia n d en .

W hich a re  th e  s p e c ia l a d va n ta g es o f iho  m ou ld ing  to o ls
o f D O R S T E N E R  H D P - p r e s s e s ?
*  C O S T  R E D U C T IO N  by lo n g e r se rv ic e - life  o f  the  

m o u ld  w ea rin g  p a rts  on  a cco u n t o t b i-d ire c tio n a l 
co m p a ctio n ,

*  IN C R E A S E  O F  P R O D U C T IV IT Y  b y  r e d u c e d  d ow n tim es  
th a n ks to q u ick  an d  e a sy  e x ch a n g e  o f the co m p le te  
m o u ld in g  t o d  an d  lin e rs  fo r  exa m p le ,

*  L A B O U R  C O S T  R E D U C T IO N  b y  e le c t r ic  h ea tin g  o f 
u p p e r a n d  lo v rer ra m s ; thu s se lf-c lea n in g  from  s t ic k in g  
m ateria l.

2-re ih ig e  Form erianordnung  
b is  327 mm lang

2-row  m o u ld  a rrangem ent 
u p  to  327 mm len g th

3-reih ige Fo rm cnsn o rd nu n g  
b is 220 m m  lang

3-row  m o u ld  a rra n g em en t  
u p  to 220 mm length

i

DORSTENER Formwerk- 
zeugkom binaiionen
Bild  1) 2 D F-W erkzeu g e  
norm al im P ressen tisch  
angeo rdnet.
B ild  2 und 3 : Mit dem  glei- 
clien  W erkzeug  und Erg an-  
zu ng ste ilen  konnen  Steine  
in d oppelter L iin g e  und 
d oppelter H o he hcrgestellt 
w erden.
B ild  4 : D ie  H crstc llu n g  von  
Nut- und F cd crstn in e n  ist 
m oglich.

DORSTENER m oulding 
tool com binations
F ig . 1 ) 2  D F-m ou ld ing  too ls , 
n o rm a l a rra n g em en t in the  
p re s s  tab le .
F ig . 2 a n d  3 : W ith the sa m e  
m ould ing  to o ls  a n d  a d d itio 
n a l p a rts  d o u b l e 
l e n g t h  a n d  d o u b l e -  
h e i g h t  b r ic k s  ca n  b e  
p ro d u c e d
F ig . 4 ; p ro d u c tio n  o f lon gue  
e n d  g ro o ve  b r ic k s  p o s s ib le .



DORSTENER
HDP-Presse 1200

DORSTENER 
HDP-press 1200

Mit d er P re s s e  H D P  1200 w ird  g e g e n ü b e rd e r  H D P  800 
eine  urn 20 %  h ô h ere  Le istu n g  erreicnt. O arü b er h in au s  
w orden auf d ie se r  P re s s e  E le m e n te  h ergeste llt b is  1000 mm  
Lan g e  x  3C0 mm H ôhe x W andstàrke .

The  o u tpu t c f  the H D P 1200 is  b y  20  %  h ig h e r co m p a re d  
w ith  the  H D P 800. F u rth e rm o re  th is  p r e s s  p ro d u c e s  e le 
m e n ts  up to 1 ,000m m  len g th  x  300 mm h e ig h t x  w a ll 
th ic k n e ss .
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DORSTENER
HDP-Presse
1200 Jumbo

DORSTENER 
HDP-press 
1200 Jumbo

Mit d er P re s s e  H D P  1200 Ju m b o  w erden  E le m e n ts  b is zu  
e in er G r6 5 e  von 1000 mm L a n g e  x  6C0 mm H ôhe x  W and- 
starke  b is ca . 600 mm hergestellt.
O hn e  Verm inderung  der P roduktio nsle istung  g eg en ûb er  
d e r H D P  1200 konnen se lb stverstànd lich  allé  Stand ard-  
Form ate  hergeste llt w erden.

T h e  p r e s s  o f  type H D P 1200 Ju m b o  p ro d u c e s  e lem en ts  up  
to  a  len g th  o f  1,000 mm x  a h e ig h t o f 600 mm x  a  w all th ick
n e s s  up o f to  abou t 600 m m .
With re g a rd  to a ll s ta n d a rd -s ize s  the  o u tpu t is ,  o f c o u rs e , 
n o t re d u c e d  co m p a re d  w ith  the H D P  1200.
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:!‘.;U!icn von K e ik sen d ste in -  
:entsn  mi! der M D P  1200 Jum bo
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1. Form offnung einfu llbereit • 
M ou ld  o p en in g  re a d y  to  b e  fille d

'  .

2. Fuller» der Form en mit P reS m a sse  
M o u ld s  b e in g  fille d  w ith m ixtu re
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4. A iissto B  d er ProBIInge
E je c t io n  o f the p r e s s e d  e lem en ts
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7. G re ifen  cJer P reB linge  
G rip p in g  o f g reen  e lem en ts

8. S ta p d n  auf dem  H artew agen  
S la ck in g  on h a rden in g  ca rs

P ro 'Juri.on  c f  ca lc iu m -s ilica ::: u la .'.e n ls  
on p re s s  H O P  1200 Ju m b o
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3. P re sse n  von v ier W andelem enten  
1000 x 6 0 0  x 1 0 0  mm  
P re s s in g  o f  tou r w aff e le m e n ts  
1,000 x  600 x  100 m m
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U m setzen  d e r P reG ling ezum  
Tran sp o rtb an d
T ra n sfe rrin g  tho g reen  e lem en ts  to  
the  m a rsha llin g  co n v e yo r

-  f. t

6. A b setzen  d er v ie r W an de lem ente  
auf d a s  T ran sp o rtb an d  
P la c in g  the fo u r w a ll e le m e n ts  on  
the  m a rsha llin g  c o n v e y o r
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9. B e s la p e lte r  H a rlew a g en  
Lo a d e n  h a rden in g  c a r
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S t e i i S R j n g  
der HDP- 
Pressert

*  Fre ip rcg ram m ierb arer  
M agnetspeicherkern , in 
dem  sâm 'lich e  Steuer-  
vorgànge d es  Funktions- 
ab laufos e ingegeben  
w erden,

*  Abstirr.mur.g der Pum- 
panieistur.gen für d ie  
e irz e ln e n  A rb e iîsg ân ge ,

*  Zusatzü ch e  E in g ab e  von  
Steuerab lëufen  für PreB- 
gutzufuhr, R ieselgut-  
Rücktransport etc.

*  Autpm atische Stòrungs-  
a n zc ig e  zum  leichten  
Auffinden von Feh ler-  
quellen ,

*  A utom atische A n ze ige  
d er H ubgescbw indigkeit 
und Zahlung  d er be lade-  
nen H àrtew agen,

Oder

*  Steuerung  d es  Funklio ns-  
ab lan fes durcb konven- 
tio n clle  Schütz-Steuerung  
und End sch alter.

Control 
system 
of H Op
presses -

*

*

*

*

*

tree-p rog ram m ab le  m ag
n e tic  m em ory  c o re  fo r  e ll  
co n tro l fu n c tio n s  an d  
o p e ra tio n s , 
adaption  o f the  pum p  
outpu t to the  in d iv idu a l 
o pe ra tio n s ,
a d d ition a l in pu t o f  co n 
tro l o p e ra tio n s  fo r  m ix
ture su p p ly , ta ilin gs  
sy s tem  e tc ,
autom atic  fa u lts  in d ica to r  
fo r e a sy  lo ca liza tio n  o f  
fa ilu re s ,
autom atic  rea d in g  o f 
s tro k e  s p e e d  a n d  
cou n tin g  o f lo a den  
h a rden in g  c a rs ,

or

t

1______
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*  co n tro l o f  o pera tio n  b y  i ‘
m eans o f  co n ve n tio n a l | •
co n ta c to r c o n tro ls  a n d  =•
lim it sw itch e s . ! :

I
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Vorteile durch
DORSTENER Hydraulik:

*  R aum sp aren de  Unter- 
bringung auf d er O ber-  
traverse ,

*  G etren n te  H ydraulik für 
O ber- und Unterstem pel,

*  Clberwachung und Steue*  
rung d er O ltem peratur,

*  A us- und E infahren  d es  
P ressen tisch e s  zum  
W erkzeugw echse l.

A dvantages by the
DORSTENER hydraulic
system:
*  co m p a ct in sta lla tion  on  

top  o f  th e  u p p e r tra v e rse ,
*  se p a ra te  h yd ra u lic  

sy stem  fo r  u p p e r  an d  
lo w e r ra m s,

*  co n tro l o f  the  o il tem pe
ra tu re ,

*  sh ittin g  ou t a n d  in  the  
p r e s s  ta b le  fo r  e xch a n g 
in g  m ou ld ing  fo o ls .

r~
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1. G esarn tan sicht  
V iew  o f the p lan t

I
!
I
l
!
*«

3. D am p fk esse lan lag e  
S tea m  b o ile r  se c t io n

i
J

- J

■ _ i
r _ _ __________  ___ _________________________ I
2. N acfim isch an lag e  m it2  D O R S T E N E R D o p p e '.v e lle n m isc iie rn  

R e -m ixe r  in sta lla tion  w ith  tw o  D O R S T E N E R  double-  
sh a ft  m ixe rs

4. H â rte k e sse la n la g e  
H a rd en in g  in sta lla tion

5. S rh ie b o b iih n e  mit kom plpitem  H iirtew agenzug  6. V e rlad e- und Stap e lp la tz
T ra n sfe r p la tform  w ith  a co m p le te  h a rden in g  c a r  train Lo a d in g  a n d  sta ck in g  ya rd

10



beste  Oualitât darch  hobo Abric bfestigkeit superio r quality, high w earing resis tan ce

T ech n isch e  D a len  / T ech n ica l Data  

T Y P E : H O P 600 H D P 8 0 0 H O P 1200 H O P 1200 Jum bo

S ta t is e le  B e la slb ark e it MN 6000 8000 12000 12000
S ta b ility  rating M p 600 800 1200 1200

Max. Forrnoffnung
M axim um  m ou ld  open ing mm 770 x 350 770 x 750 1085 x 750 1 0 8 5 x 7 5 0

Max. PreGhohe
M axim um  p re s s in g  height mm 250 300 300 600

Max. Fü llhôho
M axim um  filling  height mm 450 550 550 1000

M ax. H ubzahl'h
M axim um  num ber o l s tro k e s lh 415 415 300 280

Die H ubzahlen  bc-ziehen s ich  auf norm ale  
D etricbsbed ingungen.

The s tro k e  fig u re s  m en tio n ed  a re  b a s e d  on norm al 
co n d itio n s  o ! opera tio n .
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LAEIS-Anlagen erzeugen Qualitàtsprodukte. 
LAEIS plant, liefert und erstellt iiir die ; 

Feuerfest-lndustrie: Maschinen und 
Ŝ ..‘

komplette Anlagen einschlieBlich Engineerir 

und verrniitelt das notwendige Know-How zir 

Herstellung von FF-Steinen aller 

genormten und Sonderformate, aus alien 

Materialarten wie z. B. Schamotie, Silika, 

Magnesit, Chromerz, Dolomit u.s.w.

Keramisch-, chemisch-Oder teergebunden, ■’ 

Stampfmassen, Brennhilfsmittel sowie 

VerschleiBmaterial fur den Stahlwerksbetrie’ 

LAEIS hat weltweite und vielseitige Erfahrun.n 

auf dem Feuerfest-Sektor, Anlagen in aller .

Welt beweisen das. Lassen Sie sich von 1;|
». ■

unseren Spezialisten beraten!
* [ 

f j
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©  Hydrauiisdi-sutomatische Drelitischpresse 1200 Mp. mit 
volumetrischcr Fülivorriditung und automatisdier 
Steinstapelvorbchtung in einer Dolomitaniage

©  Steuer-Schalnvarte mit Blincischaltbild fur zentraie 
Bèdieming einer LAEIS-Anlage

©  Planetenmischkoüercàngo РЫК fur die Hers'.ellung von 
Teer-Dolomii-Mischungen

©  Teer-Dolomit-Uagnesitmiscfiergruppe mit Planeten- 
mischern PZMK in einer der grôfîten europâischen 
Oolomitsteinfabriken

©  Modell einer von LAEiS konzipierten Teer-Maonesit- 
Dolor.iitsteinfabrik mit automatischer Aufbereitung, 
eutomatisdien Pressen, Tcmperofen, Palettier- und
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©  Hydfauliscti-vollautomatischb Einkolben-Roboter-
prcsse 1250 Mp, bei der Kcrsiellung von Magnec.it- 
steinen

©  Schematisebe Darstellung einer vollautom. Ofen- 
wagenbeladeanlage; diese Anlage kann auch an 
Pressen andeier Fabrikate vorgosehen werden

©  Automatisdie Chargenwaage íür Feinmaterial

©  Doppelhartmiihle fur die Feinvermahlung

©  Hydraiilindi-vollautomatischc Doppelkolben-Ftobotcr- 
pressc bei der Hcrstelluno von Mngnesitstemen; 
Schíebeformpressen bei drv HersteMung von Teei- 
Magner.itsteinen
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)as weitere Fertigungsprogramm unserer Abteilung Maochinenbau:
y d ra u lis c h e , h a lb -  u nd  v o lla u to m a t is c h e  P r e s s e n  a ls  
O B O T E R - ,  S c h ic b e fo rm -  u n d  D re h t is c h p r e s s e n  
is  2 0 0 0  M p P re B k ra ft  z u r  H e r s te llu n g  v o n :  
ch a m o tte - , S i l ik a - , M a g n e s it-  u nd  D o lo m itste in e n . 
iy d ra u lis c h e  P r e s s e n  z u r  H e rs te llu n g  v o n  T e l le r k a p s e ln ,  
lC -P ia tte n  e tc .
la n e te n -Z v v a n g sm is c h e r , P la n e te n - M is c h k o lle rg a n g e ,  
ic b k o lle r g a n g e  u nd  s o n s t ig e  A u fb e re itu n g s m a s c h in e n

fu r d ie  F e u e r fe s t -  u n d  K e ra m ik - ln d u s t r ie . —

H y d r a u lis c h e  F l ie s e n p r e s s e n  R E K O R D  u n d  R A P ID  p ’ 
z u r  H e rs te llu n g  vo n  W a n d -  u n d  F u B b o d e n f l ie s e n , L * .  
e in s c h ic h t ig  u n d  z w e is c h ic h t ig .

A n ia g e n  fu r g la s ie r t e  W a n d -  u n d  B o d e n f l ie s e n  u n d  f u ; P ‘ 
g la s ie r te  u n d  u n g la s ie r t e  M o s a ik p la t tc h e n  in a l ie n  [ j , ,  
F o rm a te n .

r ~ ,

| j
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L A E I S - W E R K E  A G  

5 5  T r ie r , O s t a llo e  3-5  

P o stfa c h  2 56 0

T e le io n  (06 51) 7 GO 81 <4 61 81 >

T o  lev  04 7 2  671
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Voliauiormtische An'age zut Herstellung von teargobundenen Feuertesterzeugnissen. bestehand aus 2 Preiser, HPr 1600 rrtit automatisctier 
Pa!etien- und Temperwaocnbeladeanlage.
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Dio LAEIS-Werke AG in Trier,
gonrundet 1860, sind bei ihren Industriepartnem v/eltweit durch 
speziello Erlahrungen und Know -how  bei der Entwicklung  
und Fcrtigung hochwertiger Speziai- und Serienpressen fur die 
keram ische und die Feuerfest-lndustrie sov/ie durch Pràzision  
und Zuverlassigkeit ihrer P ressen  und Anlagen im hàrtesten  
tàglichen Einsatz bekannt.

Aus Trier, im Herzen der EG  und eingebettet in die liebliche 
geschichtstraohtige Landschaf* der M osel, exportieren die 
LAEIS-W erke AG ihre P ressen  und Anlagen in die ganze Welt.

Ober 120 Jahre f/;aschinenb3u
Planung und Bau kompleUer Anlagen fur die Herstellung von 
fcuerfesten Steinen aus S c i lamottcn, Siiika, Ma.gnesit, Dolomit, 
Teer-Dolomit.

Òlhydraulische Pressen  von 2000 bis 2 5 0 0 0  kN Prelikraft.

Ofenwagenbeladeeinrichtungen und Setzsyslem e mit frei 
programmierbarer Steuerung fur alle Pressensystem e.

rrr

Brikettierpressen fur Sa lz , Futtermittei. G lasgem enge,
Edelerze. i

Aufbereitungsm sschinen wie Planetenzw angsinischer, 
Miihlen, Dosieranlagen, Materialaufheiztrommeln. 
Teerimpragnieranlagen.

Òlhydraulische P ressen  von 1000 b is  13 500 kN fur keram ische  
W and- und Bodenfliesen, Mosaik.

Hydraulisch-autom atische P ressen  von 6500  kN mit Putz- und 
Stapelm aschinen zur Herstellung von Geschirrteilen aus  
Porzellan, Steinzeug und Steingut im TrockenpreOverfahren.

C

P I ! '

\A
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L.
Rohreinziehpressen von 300 bis 7 500 kN sow ie komplette \
Anlagen zum halo- Oder vollautomatischen Kaltumformen L
und W arm anstauchen von Rohr- und Stabenden.

W eich en b au  (W erk R uw er) L ieferant d er D B  ^

Gleisanlagen, W eichen, Kreuzungen, G leisverbindungen,
AnschluOgleise fur Haupt-, Neben- und Kleinbahnen. Industrie- r -  :
werke, Bergbau ùber und unter Tage, Bauindustrie und f
SlraBenbalw en. « —

L,

< 7 ^
\ LAEIS-W ERKE AGX p . . . p  sp s* ,

Osfallee 3-5, D-5500 Trier
/ j i.— :". L i Postfach: 2530

Telefon: (03 51)4 65-1, Telex: 4 72 871
, it i
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HPF-Dopp&liiruck-Hochî&rslungs- 
Pressen (D£P) bis 25000 kN PrcBkraii
K P F -P re ss e n

O  haben ein robustas, auf lange Lebsnsdauer konstruier- 
tes Pressengestell,

O  aile Hydrautikzylinder un Oberholm, d. h. auSerhalb der 
Schm utzzonen

O  erfordem keinen Pressenkeller

G  erfiillen hochste Ansprüche an Lelsîur g, Qualitàt und 
MaBhalügkeit der gepreBten Produite durch die digitale 
Steindicken-Meft- und Füllhohon-Rc geleinrichiung 
(DBP)

© habsn ein kom pskîes, wartungsfreundüclies Olaggre- 
gat mit schaligedàmmten Pumpen, Peinstfilterung und 
automatiseher Heizung/Kühlung c e s  Betriebsmediums

O  sind mit elektrischen Steuerungen und Kontro'len aus- 
gerùstet, welche den Kundenw ünschsn und ôrîlicbien 
Gegebenheilen optimal angepaüt werden konnen

{ j  haben speicherprogrammierbare Síeuei ungen

O  digitale, konlahniose Steuerung aiier vertikalen und 
horizontalen B&wegungen -  keine Endschalter

O  elektronische Druckm essung mit digitaier Anzeige

C> konnen nach wie vor auch noch mit konventioneller 
Schülzensteuerung und Endschaltern geliefert werden

O  haben viele Zusatzeinrichtungen, welche die Arbeit 
erleichtern

z. B. hydrauüsche Schneliwechselvorrichtung für For
men und Stempel

Schne!'spann\/orrichtungen für Form en und 
Stempel

Steingreifer für die verschiedensten PreBprodu'cte

Vakuumgreifer, insbesonders für groflformatige 
Platten

C  Automatische Olsprühvorrichtungen zum Einsprühen  
der Prelîform und der PreGstempcI sowie eine auto
m atische Zentraliettschmierung mit elektronischer 
Clberwachung gehbren ebenfalls zur Grundausslallung  
aller H P F-P ressen
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3£ureihs K PF 200-630  
in Rahmenkonsiruktion
Zur Herstellung von:

Normal- und Formsteir.en, keram isch-, chem isch- 
und leergebunden. U- und Viereck-Kapseln, 
Bronnunierlagen und Auíoau-Stützen für Ofen- 
wagen sovvie in Sundorausführung für Salzleck-  
steine mit hohem spe2ifischsm  PreOdruck.

w- .
r-.1V1 t*» Г t  1

I

Abb. 1
HP.- 630 bei der Herstelluny von 5-kg-Sa!zleckste!nen 

Abb. 2
H °F  400 bei der Herstellung von U-Kapseln 

Abb. 3
HPF 400 bei dsr Hersteliung von Brennuriterlagen 

Abb. 4
HPF 630 bei der Hersiellung von Aufbau-SUitzen fur 
Ofenwagen
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Trjrhnischo Daten HPF eoo 800S 900 1000 1250 1600 1600 S 2000 2500
iyUeiPfettootbens:............................................... . . mm sao/530 5G0/530 600/570 630/000 700/670 800/775 000/780 аоо/070 1ССО.Ч70
OetncbshocMruck;............................................... . . bar 325 325 320 320 325 320 255 315 320 .
РгкЬкгаП:.............................................................. . . KN 80C0 8000 9000 10000 12500 16000 16000 20000 25000
Ausrt̂ Okraft:........................................................ . . KN 800 eoo 900 1000 1250 1600 1600 2000 2500
F'uftahe:...................................... . . , .............. 500 500 500 500 500 5СЮ ООО 500 500
тчхрпа1в«Ро»гг.?т»г.Г)литч(}: . . .................. mm 1O20/P00 1400/800 1050/050 1050/850 1220/950 1250 М050 1С00/Э50 1320/1050 1300 ■ 1050
e!rkííischmAnbthlur»»verl:.................................... . . . kW PO 60 CO _ 95 117 123 125 1 ,5° 151
Sputcnmittenabs'and.................... 1300/G50 1800/В 50 MOO/OSO 1400/650 1600/1000 1700/1000 2200/1480 1800/1200 2000/1300
orto derT Menât* H/tírnylikol tur
cinclanMuilungca...................... . . . 1 2100 2100 2100 2500 2800 3500 3100 4000 4500
K<.h!*a3.wWtedarf Г*ц 2f»nC Kiihl*
v/;i r,'.-rc'<v>aM9S!ofrpora‘.u'ca.............. . . . rr.Vh 1 -2 1-2 1-2 1-2 1-2 1 5-2,5 2-4 1,5-2,5 1,5-2.5
( :íf?r jí-rlíChC'f Mirvj«*$tl;/ldf¡'Ck Í» ber, п
P/cüluX cJofli' f̂boica.................. 50 50 50 60 60 70 70 70. 70
IVrt! 'r.thvloistunq 'nPrf.'̂ '.y./mtnOrwu: ..... 5,5 5,5 5,5 5,5 5.0 4,5 3 ■1.0 35

M nr.i 05o0 4300 6500 5500 WOO .. 7Э0С 0700. „.',00
Ai fiiL̂ suntjen C mrn MIO 1130 1180 uno 1710 190() 2400 ?ГУ\) 24 "Ï0



B s'jre ih e  H P F  8 0 0 -2 5 0 0  
in V ie r?. а и ! en ko n s í  г и ‘iti o n

Zu' Hersteüung von Normal-, Form- und Konverter- 
steinen, keramisch-, cíiemisch- odor teergebun- 
dcn, Glaswcnr.onstcinen, Sch¡ebor¡jlaüen, gro8- 
formatigen Brennunteriagen.

Abb. 1
Sahieberplatto mil einyeprcfliem AusguBioch, ausge- 
tragsn mittels Speziaiyroifer

Abb, 2
Píannantochstein, bstfctelehend zur Abnahme 

Abb. 3
groíformatige Biennumerlagen, hergestellt mil hohem 
spezifischen PreMruck und Oberstempel-Vibration, vor 
der Abnahme mil Vakuum-Saugkissen

Abb. 4
Auf den Keil gepreBte, teergebundene Konvertersteìne in 
Doppelform, auf dem Ablagetisch, zur Ubergabe ín den 
Steinsetzautomaten
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T * c N * lí< ft *  D « t*n H P F 150 A 70fl S R 200 R 3 0 Э 6 Я 200 П 400 S R 400 R 63 0  S R 630 n

2 d .v .P re f*o to e n * : .............................................................................. 250/230 253/260 2CO/2GO 350/335 350/335 400/305 400/335 500/485 500/465

B c ir t te í'o c ftd fu c k :.............................................................................. 310 325 325 315 320 32 0 325 325 325

P r< iliK fC Í|:.................................................................................................... 1500 2000 2000 3000 3000 4000 4000 6300 6300

Au«-S'.CiGkfaft:........................................................................................... 300 SCO 500 eoo 000 1000 100Э 1300 1300-

F î i î îh o h é : .................................................. ................................................. 200 700 700 700 ?0 0 700 700 700 700

ma^i.oa'HDsFormoiV'JntAoiiioO: .............................................. 0  350 G30/550 630/550 630/550 630/5C0 7GO/6CO 7CO/6CO 030/600 930/600

o'^vírivbi»» Anflch’u C A c r t : ........................................................... . kW 20 30 42 30 45 45 50 70 70

crico^rt. Monga My-kéúfcól tüf
© ¡r.jien k fu ü u r.jca ..........................................................................................1 SCO eoo €00 1150 1150 1300 1300 1800 1800

fco< 2 b 2 С  К Ш -
,A:'S'A',f"H'<;»nçj$;emp©rû:urcn...................................................... . nV/h 0 ,2 - 0 .5 0 .5 - 1 0 .5 - 1 0 ,5 -1 0 ,5 - 1 ,5 0 .5 - 1 .5 0 ,5 - 1 ,5

i
ien 

1 
o

0 .5 - 1 ,5

A i* -^ v  •к.'Л'г M rfKkîfîuM rucH  !i b v , 
P it r V j 'K - ç ü a r fh îf fb y lC f ................................................................ 40 50 50 50 £0 50 50 50 50

P r a t i c h e LeÆ îu f'jM Piêscy/m in N eiu : ................................ 2 3 3 3 3 3 3 Э 3

A mm 1ССЮ 1550 1550 1600 1600 1700 1700 20П0 2C00

c mm eoo te so 1050 1653 1650 1650 1660 1790 1750

mm 2115 5700 5700 5360 , 53G0 5360
i _ . 5 W L .

5SC0 6 X 0

T mm - - 1760 - 1 1730 - 1760 . 17C0
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Sorclsr-Baureihe 
К PF 150-630  (SR, R, A)
H P r - S R :  für S to p fe n s la n g b iiro h rsS R 4 -S R  6

h’P F - F Î :  fur Stopfenstangonrohre S R  0 - S R  6,
Stopien mit und otine Gewinde, Hütsen 
und A usgüsse sowie dünnwandig-3 
Kaminrohre

H PF -  A: fur Dusen und kleine A usgüsse

* Auf alian P ressen  der HPF-Sonder-Baureihe kann 
auch c a s  normale ff-Steinprogramm produziert 
werden

!

!

Hydraulische H P F-P ressen  der Sonder-Baureihe bei der Hersteliung von 
Stahlwerks-VerschleiBm aterial

Abb. 1
HPF 400-R, AusguO 8A in ausgestoflener Stellung vor der Abnahme 

Abb. 2
HPF 400-R, AusguB CA in ausgestoftencr Siellung vor der Abnahme 

Abb. 3
HPF 400-R, Ausgüsse 6Л, nach dem AusstoBen um 160 Giad gedreht, auf dem 
Abnahmeband

Abb. 4
ЙРГ 400 П, Stopfeu SG mil Innengewinde, nach dem AussloOun um 180 Orad 
g'edrelu, auf dem Abnahmeband
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PreBlechnikJ
;ii P-pr-psystem

FreBkurven

I I I I I I I I I I I )
1 2 3 <1 5 в 7 8 9 10 11 12

t&ez Prefld ruck in kN/cmJ

PrcBIcistung
.1 7 5 0 0  -

15 000  -

12500 -

100C0 -
к m ilП у )$ )р и тр еп  I lO k W ___

e

7 5 0 0  - “ 1 mil К о п я т ;

1 " '"  S'itf

■ ¡mpnn-

’niChaU unj ,150 kW

5 0 0 0  -
---------------- ,

!

1

2 500 -

1 I I I » I I I I i I
2 4 b 0 10 12 14 16 1» 20 ¿2

P t > : СИJVtOCl*0>C?1 ir. mrr,/s 1 ____

H P F-P ressefi arboilen nach dem bewàhrten Dop- 
peldruckprinzip (D BP) mil nur e inem  im obercn  
Ho'm der P resse  angeordneten H ncptpreBzylin-  
der. Zwei, ebenfalis oben angeordncie Form -V er-  
sch ie b e zy lin d er bewegen die PreBform mit halber 
Qbcrstempelgcschwindigkeit nach unten, sobald  
der Oberstem pel die gefüllte PreBform gcschtos- 
sen  hai, so  daB dann der bew egie O bersîem pel und 
der auf dem Unterholm befestigte, unbewegte 
Unterstempe! mit g le ich e r G esclv.vincügkeit in. 
die Form  eindringen  und eine von beiden Seiten  
g le ichm àB ige  V erd ich tung  bewirken.

Fur spezielle Bedarfsiàlle konnen der Beginn des* 
Form absenkens und die Geschwindigkeit über 
W ahlschalter im Steuerschrank der P resse  ver- 
ândert werden, wodurch eine gewollte Verschie- 
bung der neutraien Zone erreicht werden kann.

J e  nach Erfordernis konnen bei der Normalaus- 
führung b is  zu  drei En tlü ftu n g sh ü b e  vorgewàhlt 
werden, wobei die Kombination von druck- und/ 
oder wegabhàngigen Entlüftungen beiiebig variiert 
werden kann. Die Dauer jeder Entlüflung ist über 
Zeitschalter einstellbar. Die jeder Enîlüftung fol- 
gende PreBkraftstufe kann ebenfalis entsprechend  
den Erfordernissen der P reB m asse und des herzu *, 
stellenden Produkts beiiebig eingestellt werden.

D as H P F-D o p p e ldru ckp rin zip  im Zusam m en- 
hang mit den s tu fe n lo s  rcg elb aren  A xialko lben-  
pum pen gewàhrleisîet b e ste  P reB e rg e b n isse  bei 
niedrigem  E n e rg icv e rb ra u ch , da sich Fòrder- 
strom und Druck der stufenlos rcgelbaren Axial- 
kolbenpumpen optimal der Verdichtungscharakte- 
ristik der PreBm asse anpassen .

Um eine mcglichst lan ge  L e b e n sd a u e rd s r  Form *  
ausfütterung  zu errcichen, kann bei jeder Entlüf- 
tung die Form in vertikaler Richfung be.vcgt w er
den. Hierdurch erfo'gt ¡eweils eine Verlagerung der 
PreBzone, so daB der VerschleiB der Fuîtcrplatten 
über einen groBen Bereich verteilt wird.
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H ydrau lik

Aile H P F-P ressen  haben o lh y d ra u lisch e  An- 
trieb sag g reg atc . Der Hauptoltank ist a ls  Zw ei-  
kam m ertank mit ni>klaufoI- und Saugolkam m er 
gebaut.

E ine reichtich dimensionierte Um w iilzpum pp  
forded das Rucklaufol standig fiber Hoch- 
le istu n gsfilte r mit Feinstfilterung und fur extrem  
niedrigen W asserdurchsatz ausgelegfe W a sse r/  
O lkiihfer in den Saugraum  der Hoclidruck-Axiaf- 
kolbenpumpen.

Die stu ten lo s  rogelbaren A xia iko ibenpum pen
habon sich in jahrelangem, fiadesten Einsatz in der 
ff-lndustrie bewahrt. Durch die s tu fe n io se  R ege-  
lung p assen  sich d iesc  le istu n gsg ereg elten  
Puropen der Verdichfungskurve der verschiede- 
nen ft Materialicn an. Die Ancrdnung der Purnpen 
auBerhalb dos Oltanks gewahrleistet b este  Zu-  
ganglichkeit fiir W aitungsarbeilen end le ichte  
A u sta u sch b ark e it in Reparatudnllcn, o bne dafl 
das Hydraulikcl au s dem Tank abgelassen  warden 
rnuB.

■%
 *



Dio Vorscivi'tcn der U .V .V .-Larm  w erdsn durch ■ 
enlsprechei ‘do ¡.iaDnahrr.en betùdksichtigi und die \ 
zu'.assige Cirenzkurve mit S icb erheit unter- j 
sch ritien . j

Die gesam io V entilsteuerung , welche dem  • 
neuosten Pianti der TechnìK cntrpricht, ist a ls  • 
K om pakt-B tcok-System  le icht zu g àng licn  oben >
ani dem Oliar.:, m oriteli. ¡

!
D ieses bewahrte. stàndig welter verbesserte Hy- ; 
drauliksystem, w elches selbstvorsiàndiich auch ! 
alíe notwendigen C erà ie  zur autcm atischen Ober- 1 
wachung von Oüemperatur, üim angel, Anlauf- j 
sperre, Feinslíiiierung, Kühlsystem  usw. beinhaltet, Í 
garantiert n ied n gan  V e rsch le iB  und damit lange | 
L eb e n sd a u cr dar verschiedenen M aschinen- und ¡ 
Sieuorungskomponenten. {

Optimate AbslimiTiung von Oldruck, DurchfluB- 
menge, Sch3lt?unktioncn und Schaltzeiten gewáhr- 
leisten ein ruh ig es, stoftfreies Arbeiten d es  gan- 1 
zen Pressensysterns mii genauer Wiederholbarkeit 
des vorgewàhlten Funktionsablaufes.

Abb. 1
Ventibiocke auf emcm Bohrwerk j

Abb. 2
Olbydraulibcbcs Antriebsaggregat (Tiimpcnanordnung 
ncben dein C la n k ) mil Schallschuteisolierung

Abb. 3
Anordnung dar Umwlbnurnpc sovvi? dor Kühl-, und 
Fiitcrcinrichtung an dot Scüenwand des O'.iariKS j

Abb. 4 j
Auñcrhalb rica Oüankn anpcordiioln Axia'-Koloonpumnc j 
’!? f in e r р<»С>Ьк,:<.?п Set: |!Kchu!zk.li>:!1C! !
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I Alle H PF-Pressen kónnen au sg erü s te t w erden *
I mit:

9  speichcrprogram m icrbarer Steuerung

О  eluktronischer Druckrnessung und digitaler r 
Anzeige t

в  digitaler, kontaktloser Steuerung tur W egerfas- 
sung von Oberstempel, PreBform und Fiill- f 
schieber

I в  in Verbindung hiermit elektronisch-digitale 
Steindìckenm eB-u. Fúül lòhen-Regeleinrichtung

Abb. 1 : HPF 800 bei der Produktion von Brennunterlagen. ’
Abnahme mittels Vakuumgreifer Î.

Abb. 2: Automatisch-volumetrische Formfüllvorrichtung 
tur Doppelform

-  Abb. 3: Digitale Steindicken-Me3- und Fùllhohen-Regel- [
einrichtung, zum nachtràglichen Anbau an vorhandene 
Pressen

Abb. 4: Steuerschrank mit speicherprogrammierbarer r 
Steuerung, hier mit E inbau fur die elektronische Druck- :

'I
!
i

> i
u

—  .  messung mit digitaler Anzeige (vergleiche auch Bild S. 2)
f ■ ** ’ * • •  )  ;¡ í
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Oíenwagen-Beiaclesnfagen,
SeízanSagsn
Voüaiflo .T iatisciie  B eb d o e in rich tu n g e n  für
Tunnolofen-, Tem perotenwagcn und Paletten ais  
prázise arbeiíends volielsktronisch gesteuerte Ein- 
hci'en

e  zum Anbau sn  neue bz;v. bereits vorhandane 
P ie sse n

O  geeignct fur vielfaltiqo Satzprogram m e dcr ver- 
schifedenslen Steinform=.!e

E c s o n d e rs  Vorteile

-  Arbaitserleichterung
-  Personaleinsparung
-  kurzfristige Amortisation
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Abb. 1
Auto.natisches Laden von tccrgebundonen Konverter- 
sleinc-n auf Paletten, bestimml zum dírekten Einbau in 
den Konverter

Abb. 2
Hoehknntsetzen von tccrgabundenen Konverterstcincn 
aut Temperpalctten

Abb. 3
f ie l i.-jon c in e s  T tin n e lo fe n w a g e ns  m it ke ram isch  ¡jubun - 
d vivan S ic il ie n

A bb . 4

b :.\i< ’ r '.ch rank e in c r S o iz in ia g "  m i! sp o ich e rp ro g ra m - 
:i l .i .'ot S tcu e ru nn  ni id L c u c 'ü íc b a lib ild



Uccyciing
W iederaewinnung cio-s Materials dutch sofortiyes i  
G ra nu lieren  von  A u ssc h u B ste in e n  und tiirektor r 
F.uckîührung des N'ahtgutes in den Form gcbungS'

■ prozeB.

Trotz modernster PreBtechnik mit eloktronischen i 
• digita'en SteindickenmeB- und Fulthbhen-Regel- 
, einnchtungen làüt es sich nicht 100%  kj v r  rm rJon, 

daB auch Sterne auBerhalb der noch zulâssigen f
; Dickentoleranz gepreBt werc'en. Die Ursachen ^
! sind meistens Schwankunoen dor Kornfraktion,
*" der Feuchte Oder Temperatur von Charge z u  
! Charge. f
r i

So iche Steine vverden von der elektronischen  
Dickenkontrolie der Pressensteuerung erkannt und- 

i a ls  AusschuB dem Granulator zugefulut, von die- 
] sem  in zwei Stuien zerkleinert und über ein Becher- i 

werk in einen Vorratsbehalter gefordert, von wo aus  
das Granulat der frischen PreB m asse  genau  
dosiert wieder bsigefügt wird. f”
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Steíngrsnulator (DBPa)
i F

aïs S pezialbracher fur teer- und keram isch ge- ; 
i bundene A usschuG steine, robust und in der t.

Praxis bewàhrt.

: lm Oberteil d es Steingranulators befindet sich die p
j Brecherweile mit den verschleiBfesten B re ch - : ^
¡ zàhnen für die Vorzerkleinerung. im unteren Teil 
i die Brecherw eile, bestückt mit verschleiBfesten  
j Segm enten fur die Feinzerkleinerung. -

1 D er A ntricb  der BrecherweHen erfolg! durch je  
i einen H ydre :no to r, Hochdruckkonstantpumpen 
' lieferndsnerforderiichenOidruck. D a sO lk a n n a u s  T
! dem Oltank einer P resse  entnommer. .verden. ,
i
’ D ioser Antrieb bietet beste S ich e rh e it  gegen  

Ü berlaatung des Brechers. ¿

| A b b .  1

, Schema Recycling 

; A b b .  2

j Sieingranulator mit Vor- und Feinzerkleinerung 

I A b b .  3
j Abwurf von 2 teergebundenen AusschuBsteinen in den 
' Sieingranulator

■■ A b b .  4

I Granulator fceim Zerkleinern von keramisch gebundenen 
j Ausschufisteineri (zu sehen ist die Vorzorkteinerung)

i

LAEIS-Anlagenbau
i
u

I

I
1

L A E IS  plant, liefcrt und erstellî fur die Feuerfest- ‘ 
industrie:

M asch inen  und kom platte A n lagen  einschlieB* 
lich Engineering und vermiltelt d as noiwendige > 
Know How zur Herstellung von ff-Sfeinen aller gs- L
normten und Sonderformate, aus allen Material-. 
arten wle z. B. Schainotte, Siüka, Magriesit, Chrom - r
Magnesit, Dolomit usw., keram isch-, chem isch- f
odorteergebuncienen, Stam pfm asscn, Brennhilfs- i-
mittel sov/ie VerschleiOmaterial für don Stahlwerks- 
tetrieb. |-

l.A E IS  hat weltwcile und vieloeitigo Erfahrungen *
auf dem Feuerfecl-Soktor, Anlagen in aller Wclt 
bew eisen das. f

I.AEIS-Anlagon erzeugen Qualitatsprodukte. L-

l aesen  S ie  sich von unseren Spezialisten boralen.
f
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1) Von LAEIS gcL»aj!c Fabrtk furfî-Maosen und -Produite 

2i LeuchtsctibltoHd emer von LAEIS gebauten Anlage for Brenohiifsmittei
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Ausschnitte aus dsr mecnanischen Werksta!!, 'Jain Kons'.rakJicnsburo und der Moniagehalle

Das LAE!S-Maschinenbau- 
Programm
Dlhydraulische Presson  von 2000 bis 
250C0 kN PreGkraft, mit speicherprogram- 
mierbareroderkonve/itionellerSteuerung, 
zur Herstellung von Scham otte-, Silika-, 
Dolomit-, Magnesit-, Chrommagnesit-, 
Teerdolorr.it- und Teerm agnesitsteincn.

Presson in Spezialausfiihrung fur Aus- 
gusse, Schieberplatlcn, Rohre, Teller-, 
U- und Viereck-Kapseln, K asselten , groO- 
formalige Platten und sonstige Brennhilfs- 
mitte! sowie Salzlecksteine.

Laborpressen bis 16000 kN Prefikraft.

Vollaulomatische volumetrische und gra- 
vimetrische Formfulleinrichtungen fur 
heiBe und kalte M assen mit speziellen  
Zusatzainrichtungen fur die verschie- 
densten Programme. 

Beladeeinrichtungen fur Ofenwagen und 
Paleiten, Wahl der Setzprogram m e mitiels 
Lochkarten Oder ProzeBrechner mogiich.

Planeten-Zw angsm ischer, Mahl-, Misch- 
und Siebkoilergange, Glockenmuhlen so-, 
wie sonstige Aufbereitungsmaschinen fur 
die Feuerfest-lndustrie.

Planung und Oau kompletter Anlagen fur. 
die Herstellung von feuerfesten Steinen.

Dlhydraulische P ressen  von 1000 bis 
8500 kN PreCkraft fur W and- und Boden- 
fliesen, Klinkcr, Mosaik und Flachgeschirr.

LAEIS-W ERKE AG  
Ostsilee 3*5, D-55C0 Trier 
Postfaoh: 2560
Telefcn: (06 51) 455 -1, Telex: 4 72 871

10182
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WORKING PROGRAM:
FOR THE DGM AND THE SALES OFFICER OF LANKA REFRACTORIES 

NEED OF KILN FURNITURE IN SRI LANKA

This working program is the base for the planning, the 
following tasks have to be done:

List up all factories in Sri Lanka for ceramics and 
porcelain which need kiln furniture.

Get informations about the production capacity and 
the quantity of ceramic products which have been 
produced in the last five years in every company.

Write down how many kilns are working in every 
factory.

List up the following facts for each of the kilns 
Burning temperature 
Quantity of the kiln cars 
Travelling time of the cars in the kiln 
Kind of kiln furniture
(Take a photo of every sort of kiln cars) 
Replacing of kiln furniture per year

State the different experiences with the kiln 
furniture by asking 

the director
the responsible burning man 
the mason for kiln furniture 
the laboratory
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List up the data of the imported kiln furniture for 
the last 7- 10 years concernig 

Quality 
Quantity 
Price
Experiences 
Time of use

List up the production of the kiln furniture in Sri 
Lanka and also define the experiences concerning 

Quality 
Quantity 
Price
Experiences 
Time of use

Define the specific use of kiln furniture per t of 
production for ceramics per year.
(As for instance: 0.1 kg SiC per t of porcelain in 
Piliyandala Factory)

Try to find out the development and the growth rate 
of the different ceramic companies

Establish a budget for the need of kiln furniture 
in Sri Lanka for the next 2, 5 and 10 years by 
using all informations you have assembled.
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2.1

WORKING PROGRAM:
FOR LABORATORY MEEPE AND CENTRAL LABORATORY

2. BASE WORK FOR CONTROLLING AND DEVELOPPING 
KILN FURNITURE AND INSULATING BRICKS

Compare the results of the Central Laboratory with 
the results of the laboratory of Meepe concerning 

Chemical data of the raw materials 
Physical data of the raw materials 
Fired items

Tabulate these data and designe a graphic scheme

Mark big differences of the data out of the normal 
range of analyses and define the reason for the 
differences. If no reason can be found for the dif
ferences new analyses have to be done in both 
laboratories in order to get similar results. 
(Selfcontrol of the laboratories)

The results of the kiln furniture testings ( sag
gers ect.) have to be evaluated concerning the fol
lowing considerations:

Is Meepe able to produce a batch with a similar 
chemical composition.

- What kind of raw material should be taKen to 
get the batch for the kiln furniture.
(Chemical calculation)
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After solving both questions positively the fol
lowing work has to be done:

Controlling of the sieve analyses

Developping a batch out of available raw 
materials, try to use domestic raw materials

Mixing of about 10 kg of the batch

Pressing of the batch in different shapes at 
Meepe

Burning the test material in Meepe as well as 
in Central Laboratory by different temperatures

Making physical and chemical tests of the 
bodies in both laboratories

Controlling and comparing the data with these 
of the original kiln furniture

Discussing the differences and try to get only 
small differences within the chemical and phy
sical data

Trying to test the developped kiln furniture in 
the ceramic factory
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If there is some more time try to develop an in
sulating brick which has the following data

Brick density 0.8 kg/m3̂
Cold crushing strength 15 - 25 N/mm
Shrinkage less than 2 mm
by a temperature of 1'350°C after ASTM

Content of 
A1203 
Fe2 03 
Alkalies

about 45 %
less than 4 %
less than 2 %
less them 2 %
less than 0.5%

TiOj
Sum/ CaO, MgO
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CONTROL PROGRAM LANKA REFRACTORIES

RAW MATERIAL TESTS 
Chemical Analysis

SiO* : ..........
AL* 03 : ...........
ZrOj : ..........

— F e s  O s :  .......................................

TiO* : ...........
CaO : ...........
MgO : ...........
Na* 0 : ...........
K* 0 : ..........
LOI (Loss of ignition) : ..........
Crystal water : ..........
Moisture content : ...........
(others if necessary)

Mineraloglcal Components
Very different depending on raw material

Physical Tests
Seger cone : ......... .
Shrinkage : ...........
After drying % : ..........
After firing % : ..........

- Sieve analysis : ..........
Specific weight : ...........
D.T.A.(Differential
Thermo Analysis) : ..........
T.G.A.(Thermo
Graphimetric Analysis) : ..........
L.D.
(Different Expansion) : ..........

Name Date
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CONTROL PROGRAM LANKA REFRACTORIES

BODY TESTS DURING PROCESSING 

Material
Chemical Analysis 
(normally not done)
Mineral Components 
(normally not done)

Physical Tests
Sieve analysis
Moisture content be
fore entering the kiln
Weight after pressing
Measurement of the 
shapes (shrinkage or 
expansion)
Control of the texture 
Control of the layers 
Control of the surface 
Control of the press

Production Tests
Pressure of the press

- Speed of the press
- Drying time 

Burning temperature 
Seger cone

Name Date



Dr.-lng.
BIEHLER _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CONTROL PROGRAM LANKA REFRACTORIES

3. FIRED ITEMS
Chemical Analysis Special Analysis

SiO? .....  - ZrOi
Ali Oj 
FeiOa

.....  - SrOj

TiOj .....  - SiC
CaO • •

MgO • •

NaiO • •

K2 O • •

LOI (loss of ignition) :
Mineralogical Components

Mullite :
Pericles :
Dolomite
Chrystobalite :
Tridymite :
others :

Physical Tests
Buk density : ....

- Apparent porosity : ....
Water absorption : ....
Linear contraction : ....
Cold crushing strength : ....

- Refractoriness
under load : ....
Expansion or shrin
kage on reheating : ....

- Size control accor
ding to the order : ....
Quality control : ....

Name : Date :
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WORKING PROGRAM:
FOR THE MG OF THE CENTRAL LABORATORY AND 
THE DGM OF LANKA REFRACTORIES

3. CONSIDERATIONS TO BUILD UP AN ORGANIZATION SYSTEM 
BETWEEN LABORATORY OF MEEPE AND CENTRAL LABORATORY

The following points have to be decleared:

Who gives orders for the accomplishment of the 
development program.

Who will be in charge of the development of 
refractory products.

Who guesses the cost for a new development.
Probably it would be the best to anounce a 
development group from Lanka Refractories.

Define the members of the group

Divide the tasks to the both laboratories as there 
are:

Chemical analyses 
Physical data

Work out the details in fixing every task mentioned 
in the annex of the study.

Define how often these researches have to be 
done.(Daily, weekly, monthly after starting a new 
production a.s.o)

Define who and in which way the transport of the 
test samples has to be organised between Meepe and 
Piliyandala.
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- How often a discussion has to take place between 
the experts of the both laboratories to fix deci
sion.

Work out a plan and a time schedule for the duties 
of each member of the group.
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4 . 1

WORKING PROGRAM:
FOR THE SALES OFFICER

4. SOME TASKS CONCERNIG THE SALES OFFICER

The sales officer should be paid from the Lanka Refrac
tories but he must be independend so that he can inform 
the clients in the best way concernig construction even 
if no refractories of Lanka Refractories can be used. 
(The question of dealing refractory materials has to be 
discussed.)

The sales officer should be a man who knows nearly 
everything about the process of the consumers' pro
ductions and can give advice to the people who handle 
refractories as there are the technical staff, the 
administration and the buying department.

The sales officer has to do the following tasks:

To Study the processes of consumer which are used 
to produce their products

To think about rationalism of those processes 
concerning

Heat reduction (using insulating bricks)
Less wear of refractory by using products with 
better characteristic features for the proces
ses, (eg magnesite in a basic process)

To reduce the costs for a construction or a process 
for the costumer by using new construction systems 
and better quality, e.g, castables instead of
stones.
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To influence the construction of different sort of 
kilns to reduce the investment costs.

To develop a visiting program for the costumers, 
the range of the visits has to conform with the 
importance of the clients. The importance of such a 
client depends on:

the turnover in refractories 
the development of the company 
the need of advice 
the quality of the management

The most important costumers have to be visited 
once a month at least and the most unimportant 
clients once a year at least.

To phone regularly to the person who is in charge 
of the order and also to that person who has to 
work with refractory delivered by Lanka Refracto
ries .

To collect all informations which are available 
about the products of Lanka Refractories concer
ning:

Quality
Possibility of use
Need for the next period (months, years)
To discuss problems and give good advice

- To collect all informations about the products
which are used and delivered by other companies. If 
possible try to analyse and compare them with your 
own products and find out where the products of 
Lanka Refractories are used better and where they 
are used worse.
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To develop three different selling plans 
(budgets):

the first plan for one year
(divided into two parts, each part includes
half a year program
a plan for two years
a plan for five years

Control these plans and correct the data every 
half year at least.

The base for these plans is a detailed knowing 
of the development of the consumers whac could 
be achieved only by regular visits and by re
ceiving the clients' confidence.

To help Lanka Refractories to develop a good lucra
tive price system which allows to earn money in the 
company. The prices of most of the products should 
be only a little cheaper than the prices of those 
products bought abroad but the quality must be 
equal.




