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ABSTRACT

Purpose: The purpose of the paper is to describe selected technologies and equipment for fabrication 
of advanced materials for different applications.

Design/methodology/approach: The production of complex parts by the vacuum investment 
casting process has led to increased demands on equipment and processes. Highly automated 
machines and simple operation conditions are a must to achieve the required process efficiency 
and product quality. Vacuum melting, re-melting and casting technology has become an increasingly 
requirement for advanced materials which are used at high temperature, high stress applications such 
as for the aerospace and power turbine industries.

Findings: Vacuum metallurgy is presently entering a new phase building on the experience gained from 
continuously refining established processes and developing new process combinations. Secondary 
vacuum processes such as melting and remelting, as well as casting and metal-powder technology, 
have led to high quality metallurgical products tailored to meet the ever-increasing demands imposed 
upon them. New processes are being developed that will yield improved quality and efficiency as well 
as the opportunity to produce entirely new products.

Research limitations/implications: The cleanliness of specialty steels or superalloys produced by 
vacuum melting is much better than that attained by conventional processing methods, what means, 
that higher operating efficiencies can be obtained.

Originality/value: A wide variety of process routes for vacuum processing are available, what will be 
in this paper as a short review presented.
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METHODOLOGY OF RESEARCH, ANALYSIS AND MODELLING

ALD’s technologies are essential to produce lighter weight 
more efficient products such as:  
 High temperature materials utilized in the aerospace and 

energy generation industries that require a defined, 
reproducible refining high quality ingot, molten in 
sophisticated vacuum melting furnaces.  

 Modern aerospace turbine engines that use titanium 
compressor blades and discs to guarantee the high 
performance and low emission of the jet engine through 
weight reduction.  

 Materials capable of operating in significantly higher 
temperatures in the compressor and the turbine of the engine. 

 Higher operating temperatures enable efficiency increases in 
the new generation of low emission jet engines. In this 
environment the temperature in the jet turbine is higher than 
the melting point of many high performance metals. 
Therefore, modern jet engines require a multi-layer-coating to 
protect the surface of the turbine components from these high 
temperatures.  

 Directionally solidified (DS) and single crystal (SC) 
components for industrial gas turbines and aircraft engines. 

 ALD is the market leader for industrial vacuum investment 
casting equipment and, in particular, for Liquid Metal Cooling 
(LMC) furnaces.  

 Gamma Titanium Aluminide based components that are vital 
for the performance of the latest generation of aerospace jet 
engines powering the Boeing 787 Dreamliner and the Airbus 
A380 fleet. ALD is pioneer in developing process 
technologies and equipment for the production of Gamma 
Titanium-Aluminide material and for vacuum precision 
casting of turbine components. 

 
 

2. Vacuum metallurgy - fundamentals 
 

In recent years the world of metallurgy has seen a massive 
growth in installations of new melting, re-melting and casting 
equipment under vacuum. This development is driven by various 
factors, but mainly by the increasing demand from the aerospace 
and power turbine industries, which pursue the simple 
philosophy: “Impurities that are not generated do not have to be 
removed.” This means, especially for materials which are used in 
rotating parts under high thermal stress, that cleanliness is very 
important and influences the lifetime of such parts. For example, 
low cycle fatigue (LCF) properties of turbine disks can be directly 
related to both non-metallic inclusion content and inclusion size 
of the material. In aircraft and land based gas turbines, most parts 
and components (eg, turbine blades and vanes, turbine disks, 
cases, shafts, bolts and combustors) that undergo high thermal 
stress during operation, are made of superalloys with different 
amounts of alloying elements. Most of these alloying elements 
have a high affinity for oxygen, nitrogen and hydrogen, therefore, 
during melting of such alloys under air, formation of oxides 
and/or nitrides will occur. These oxides have a dramatic influence 
on mechanical properties of the materials. To minimize or avoid 
the formation of inclusions, it is therefore necessary to protect the 
melt from contact with air [1]. 

In case of multi-component alloy-systems the nitrogen content 
is determined by equilibrium reactions of alloying elements with 
nitrogen. For example, titanium in an alloy which contains iron, 
nickel, chromium and titanium, has by far the highest reactivity 
with nitrogen. Hence, nitrogen will react with titanium to form 
titanium nitrides. To avoid such a formation of nitrides it is 
necessary to reduce the nitrogen content before alloying with 
reactive elements. Another reason for application of vacuum 
melting is the removal of trace elements by evaporation. Vacuum 
favours evaporation, because there is no gaseous phase above the 
melt which can interact with vapours coming out of the melt. 

High alloyed steels or superalloys require very low carbon 
contents to prevent formation of carbides and to improve their 
weldability. Another main reason for the application of vacuum 
melting is the pressure dependence of the CO-reaction: Only 
under reduced partial pressure of carbon-monoxide, 
decarburisation without massive losses of reactive alloying 
elements (e.g. Cr, Ti ) can be achieved [1]. 

The main advantages of melt treatment under vacuum can be 
summarized as follows: 
 extensive degassing of melts (e.g. hydrogen < 1 ppm), 
 significant reduction of non-metallic inclusions (oxides, 

nitrides) compared to melting under air, 
 deoxidation by carbon (down to low levels of oxygen) without 

formation of solid or liquid reaction products, 
 ability to manufacture very low carbon high strength steels or 

superalloys, 
 evaporation of trace elements. 

 
 
3. Vacuum melting, casting and remelting  

 
ALD‘s primary and remelting technologies produce high 

grade ultrapure materials and alloys and semifinished products 
thereof. Processing routes for superalloys and high quality steels 
is shown in Fig. 1. 

 
 

3.1. Vacuum Induction Melting (VIM) furnaces 
 

The VIM furnaces are the central core of every vacuum 
refining operation. Here melting, refining and alloying are done 
under controlled conditions. With melting capacities from a few 
kilograms up to 30 tons VIM/VIDP-furnaces offer a wide range 
(Fig. 2). While in smaller sized furnaces (5-500 kg) VIM is the 
preferred melting tool, for larger charge weights (above 2 tons) 
Vacuum Induction Melting Degassing and Pouring (VIDP) is the 
most suitable furnace type. In this unique vacuum melting system 
the crucible itself acts as the vacuum melt chamber (Fig. 3). 
VIDP-furnaces provide faster pump down compared with 
chamber-type VIMs of the same melting capacity, because of the 
dramatically reduced chamber volume. The VIDP multi-chamber 
concept allows to keep the crucible all the time under vacuum. 
The melt is transferred via ceramic launder into the mould 
chamber, where either electrodes for subsequent re-melting 
processes or bar sticks for investment casting are casted. 

 

1. Introduction 
 

The ALD Vacuum Technologies GmbH designs, engineers 
and produces advanced vacuum furnace systems and operates 
vacuum heat treatment facilities, primarily for the Aerospace and 
Energy (including solar and nuclear) industries. Furnace systems 
produced by ALD include vacuum re-melting, solar silicon 

melting and crystallization, vacuum induction melting and 
casting, vacuum heat treatment and high pressure gas quenching, 
sintering and turbine blade coating. ALD is the world leader in 
vacuum technology for advanced aerospace turbines. In order to 
increase efficiency and reduce the ecological impact, the 
technological possibilities of high performance materials have to 
be stretched to their limits.  

1.  Introduction
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2.  Vacuum metallurgy - fundamentals

3.  Vacuum melting, casting and remelting

3.1.  Vacuum Induction Melting (VIM) furnaces
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Fig. 1. Processing routes for superalloys and high quality steels 
 

 
 
Fig. 2. Schematically comparison of the VIM and VIDP furnaces 
 

 
 
Fig. 3. Vacuum Induction Melting Degassing and Pouring (VIDP) 
furnace 

3.2. ESR/IESR/PESR/VAR 
 

Electro Slag Remelting with its variations Inertgas Electro 
Slag Remelting (Fig. 4) and Pressure Electro Slag Remelting are 
common remelting processes. Here an electrode is melted down 
by heating a synthetic slag. Due to the superheated slag that is 
continuously in touch with the electrode tip, a liquid film of 
molten metal forms at the electrode tip. As the developing 
droplets pass through the slag, the metal is cleaned of non-
metallic inclusions which are removed by chemical reaction with 
the slag or by flotation to the top of the molten pool. The 
remaining inclusions are very small in size and evenly distributed 
in the remelted ingot. Besides this refining feature, the ESR 
process allows to establish a defined macrostructure, due to the 
controlled solidification in a water-cooled copper mould. Thus 
segregation is minimised and a uniform distribution of alloying 
elements can be achieved. This is quite important, especially for 
high alloyed materials (maraging steels, tool steels, superalloys). 
The so called triple melting process which comprises 
VIDP/IESR/VAR is specified for some forged parts for the 
aerospace industry and offers the optimum in materials refining. 

Vacuum Arc Remelting (VAR) is widely used to improve the 
cleanliness and refine the structure of standard air-melted or 
vacuum induction melted ingots, then so called consumable 
electrodes. VAR steels and superalloys as well as titanium and 
zirconium and its alloys are used in a great number of high integrity 
applications where cleanliness, homogeneity, improved fatigue and 
fracture toughness of the final product are essential. Aerospace, 
power generation, defense, medical and nuclear industries rely on 
the properties and performance of these advanced remelted 
materials. VAR is the continuous remelting of a consumable 
electrode by means of an arc under vacuum. DC power is applied to 
strike an arc between the electrode and the baseplate of a copper 

mold contained in a water jacket. The intense heat generated by the 
electric arc melts the tip of the electrode and a new ingot is 
progressively formed in the water-cooled mold. A high vacuum is 
being maintained throughout the remelting process. 

 

 
 

Fig. 4. Inertgas Electro Slag Remelting (IESR) furnace 
 

The basic design of the VAR furnace has been improved 
continuously over the years particularly in computer control and 
regulation with the objective of achieving a fully- automatic 
remelting process. This in turn has resulted in improved 
reproducibility of the metallurgical properties of the products.  

The primary benefits of remelting a consumable electrode 
under vacuum are: 
• Removal of dissolved gases, such as hydrogen, nitrogen and CO; 
• Reduction of undesired trace elements with high vapor 

pressure; 
• Improvement of oxide cleanliness; 
• Achievement of directional solidification of the ingot from 

bottom to top, thus avoiding macro-segregation and reducing 
micro-segregation. 
Oxide removal is achieved by chemical and physical processes. 

Less stable oxides or nitrides are thermally dissociated or are 
reduced by carbon present in the alloy and are removed via the gas 
phase. However, in special alloys and in high-alloyed steels the 
non-metallic inclusions, e.g. alumina and titanium-carbonitrides, are 
very stable. Some removal of these inclusions takes place by 
flotation during remelting. The remaining inclusions are broken up 
and evenly distributed in the cross-section of the solidified ingot.  

VAR applications: 
• Superalloys for aerospace; 
• High strength steels for rocket booster rings and high pressure 

tubes; 
• Ball-bearing steels 
• Tool steels (cold and hot work steels) for milling cutters, drill 

bits, etc. 
• Die steels; 

• Melting of reactive metals (titanium, zirconium and their alloys) 
for aerospace, chemical industry, off-shore technique and 
reactor technique. Pure titanium and most titanium alloys are 
double or triple VAR processed. Zirconium and niobium alloys 
used in the nuclear industry are routinely VAR processed.  

 
 
3.3. Electron Beam (EB) melting process 
 

Electron beam (Fig. 5) melting is distinguished by its superior 
refining capacity and offers a high degree of flexibility of the heat 
source. Thus, it is ideal for remelting and refining of metals and 
alloys under high vacuum in water-cooled copper molds. Today 
the process is mainly employed for the production of refractory 
and reactive metals (tantalum, niobium, molybdenum, tungsten, 
vanadium, hafnium, zirconium, titanium) and their alloys. It plays 
an important role in manufacturing of ultra-pure sputtering target 
materials and electronic alloys and the recycling of titanium scrap. 
Electron beam guns represent high temperature heat sources 
which are able to exceed the melting and even evaporation 
temperatures of all materials at their beam spot. By magnetic 
deflection and rapid scanning at high frequencies the electron 
beam can be effectively directed at targets of multiple shapes and 
is thus the most flexible heat source in remelting technology. 
Since EB melting is a surface heating method, it produces only a 
shallow pool at acceptable melt rates which positively effects the 
ingot structure regarding porosity, segregation, etc. The exposure 
of the super-heated metal pool surface to the high vacuum 
environment at levels of 1.0-0.001 Pa results in excellent 
degassing of the molten material. Metallic and non-metallic 
constituents with vapor pressures higher than the base material are 
selectively evaporated thus generating the desired high purity of 
the ingot material. In other cases, however, this can create loss of 
desired alloy constituents which must be accounted for. 

 

 
 

Fig. 5. CAD picture of the EB furnace 
 

EB applications: 
 Remelting of high-purity materials such as Nb and Ta; 
 Titanium production for the chemical and aerospace 

industries; 
 Zirconium production for the chemical industry; 
 Production of high-purity metals for electronic applications 

(e.g., sputtering targets). 

3.2.  ESR/IESR/PESR/VAR
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3.4. Vacuum Induction Melting and 
Investment Casting (VIM-IC) 
 

The majority of vacuum investment castings such as turbine 
blades and vanes for the aircraft and industrial gas turbine 
industries are made from Ni-base superalloys and are produced in  
VIM-IC furnaces (Fig. 6). In these furnaces, a master alloy 
barstick is inductively melted and then cast into an investment 
mould. The solidification structure of the casting can be adjusted 
to be equiaxed (E) or, through the use of an additional mold 
heater, directionally solidified (DS) or single crystal (SC).  

DS/SC solidified components have increased strength at high 
temperatures close to the melting temperature of the alloys.  

The portfolio of ALD’s standard Vacuum Induction Melting - 
Investment Casting (VIM-IC) furnaces includes a very wide 
variety of types and sizes, e.g. (Fig. 7): 
 melting capacity from 2 kg to 150 kg for DS/SC and up to 

500 kg for Equiaxed castings; 
 chillplate/moulds diameter from 150 mm to 1000 mm for 

DS/SC and up to 1500 mm for Equiaxed castings; 
 moulds height from 250 mm to 1200 mm for DS/SC and up to 

1500 mm for Equiaxed castings. 
 
 

 
 

Fig. 6. VIM IC 10 DS/SC furnace overview 
 

 
 
Fig. 7. VIM IC 10 DS/SC furnace - melting and mould heating 
chamber 

The mould heating in the DS/SC furnaces is performed by 
electric resistance heaters of CFC graphite elements or MF 
induction power using graphite susceptors and is designed for a 
maximum temperature of 1650°C. While single crystal and 
directionally solidified turbine blades are being used on aircraft 
engines, these parts are far smaller, approx. one-tenth the weight 
of land based gas turbines.  

Depending on the required solidification structure and the size 
of the components, ALD offers vertical and horizontal furnace 
designs. For casting capacities up to approx. 20 liters/150 kg and 
mold sizes up to a diameter and height of approx. 800 mm the 
vertical furnace design is the most cost-effective solution. 

The transition from manufacturing 250 mm, 1 kg aircraft 
blades to fabricating blades 2-3 times bigger and 10 times heavier 
represents a significant challenge. The larger mass of metal in 
these parts leads to quite different temperature distribution during 
casting. This leads to lower values of temperature gradient and 
solidification rate and to the possibility of there being a curved 
solid-liquid interface [2]. 

Conventional techniques with radiation cooling do not allow 
the economic production of large directionally solidified or single 
crystal turbine blades, since very slow withdrawal rates have to be 
applied.  
 
 

 
 

 
 

Fig. 8. Schematically comparison Bridgman vs. LMC method 

Faster withdrawal rates require higher temperature gradients 
in the cast part and consequently an improved heat transfer to 
extract the heat from the solidified section.  

For the production of large directionally solidified (DS) and 
single crystal (SC) components high thermal gradients are 
required. At the beginning of the Bridgman process, cooling 
occurs primarily by conduction through the casting to the cooled 
chill plate (Fig. 8). As a large casting is withdrawn, this method of 
heat extraction quickly becomes inefficient due to the low thermal 
conductivity of most superalloys; radiation through the vacuum 
becomes the dominant mode of heat extraction resulting in low 
thermal gradients at the solidification front [3]. 
 
 
3.5. Liquid Metal Cooling (LMC) furnaces 
 

An improvement of the solidification conditions for large 
DS/SC components is provided by the liquid metal cooling 
(LMC) process (Fig. 9). In the LMC process, the mould is 
immersed for solidification of the components into a liquid 
cooling bath, either consisting of aluminium or tin. The heat 
extraction from the component is based on heat conduction and 
convection, which is remarkably better than the radiation heat 
extraction of the conventional DS/SC process. Larger temperature 
gradients are especially important for the production of large 
DS/SC parts, e.g., for turbine blades and vanes for stationary gas 
turbines. 

 
 

 
 
Fig. 9. LMC vacuum furnace with modified Bridgman system 
to use liquid tin as a cooling medium 
 

ALD has built several LMC furnaces for R & D and pilot 
production of directionally solidified and single crystal structures 
by the LMC process with tin as well as with aluminum as cooling 
agent. 
 
 
3.6. Leicomelt furnaces with Induction Cold 
Wall Crucible (ICC) 
 

Melting of extremely reactive materials in conventional 
ceramic crucibles at high temperatures leads to an inadmissible 
contamination of their liquid phase. When reactive materials such 

as titanium, zirconium, superconductors and hydrogen storage 
materials, shape memory alloys, magnets, intermetallic alloys and 
high temperature materials are to be processed with stringent 
requirements towards cleanliness and structural control, the cold 
crucible induction melting and casting method is the solution to 
overcome major limitations of the induction melting method with 
ceramic crucibles (Figs. 10, 11). 
 

melt with
meniscus
shape

crucible
segment

inductor

bottom

slit

skull

current

(water cooled)

(water cooled)

(water cooled)

electromagnetic field

Second current

 
 

Fig. 10. Schematic of Induction Cold Crucible 
 

 
 

Fig. 11. Melt in the ICC 
 

The cold wall induction crucible is made of a plurality of 
water-cooled copper segments that allows the induction field to 
couple and heat the charge material. The induction field creates 
a vigorously stirred melt throughout the entire melt time with 
excellent chemical and thermal homogenization. The main 
distinguishing feature is that the melt is kept in the water-cooled 
crucible and, therefore, high-purity of material is assured by solid 
skull layer at the melt-crucible contact zone.  

Because LEICOMELT® furnaces are basically induction 
melting furnaces (Fig. 12), they can be charged with casting revert 
scrap, turnings and sponge rather then utilizing expensive round 

3.4.  Vacuum Induction Melting and Investment 
Casting (VIM-IC)
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3.4. Vacuum Induction Melting and 
Investment Casting (VIM-IC) 
 

The majority of vacuum investment castings such as turbine 
blades and vanes for the aircraft and industrial gas turbine 
industries are made from Ni-base superalloys and are produced in  
VIM-IC furnaces (Fig. 6). In these furnaces, a master alloy 
barstick is inductively melted and then cast into an investment 
mould. The solidification structure of the casting can be adjusted 
to be equiaxed (E) or, through the use of an additional mold 
heater, directionally solidified (DS) or single crystal (SC).  

DS/SC solidified components have increased strength at high 
temperatures close to the melting temperature of the alloys.  

The portfolio of ALD’s standard Vacuum Induction Melting - 
Investment Casting (VIM-IC) furnaces includes a very wide 
variety of types and sizes, e.g. (Fig. 7): 
 melting capacity from 2 kg to 150 kg for DS/SC and up to 

500 kg for Equiaxed castings; 
 chillplate/moulds diameter from 150 mm to 1000 mm for 

DS/SC and up to 1500 mm for Equiaxed castings; 
 moulds height from 250 mm to 1200 mm for DS/SC and up to 

1500 mm for Equiaxed castings. 
 
 

 
 

Fig. 6. VIM IC 10 DS/SC furnace overview 
 

 
 
Fig. 7. VIM IC 10 DS/SC furnace - melting and mould heating 
chamber 

The mould heating in the DS/SC furnaces is performed by 
electric resistance heaters of CFC graphite elements or MF 
induction power using graphite susceptors and is designed for a 
maximum temperature of 1650°C. While single crystal and 
directionally solidified turbine blades are being used on aircraft 
engines, these parts are far smaller, approx. one-tenth the weight 
of land based gas turbines.  

Depending on the required solidification structure and the size 
of the components, ALD offers vertical and horizontal furnace 
designs. For casting capacities up to approx. 20 liters/150 kg and 
mold sizes up to a diameter and height of approx. 800 mm the 
vertical furnace design is the most cost-effective solution. 

The transition from manufacturing 250 mm, 1 kg aircraft 
blades to fabricating blades 2-3 times bigger and 10 times heavier 
represents a significant challenge. The larger mass of metal in 
these parts leads to quite different temperature distribution during 
casting. This leads to lower values of temperature gradient and 
solidification rate and to the possibility of there being a curved 
solid-liquid interface [2]. 

Conventional techniques with radiation cooling do not allow 
the economic production of large directionally solidified or single 
crystal turbine blades, since very slow withdrawal rates have to be 
applied.  
 
 

 
 

 
 

Fig. 8. Schematically comparison Bridgman vs. LMC method 
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required. At the beginning of the Bridgman process, cooling 
occurs primarily by conduction through the casting to the cooled 
chill plate (Fig. 8). As a large casting is withdrawn, this method of 
heat extraction quickly becomes inefficient due to the low thermal 
conductivity of most superalloys; radiation through the vacuum 
becomes the dominant mode of heat extraction resulting in low 
thermal gradients at the solidification front [3]. 
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Fig. 9. LMC vacuum furnace with modified Bridgman system 
to use liquid tin as a cooling medium 
 

ALD has built several LMC furnaces for R & D and pilot 
production of directionally solidified and single crystal structures 
by the LMC process with tin as well as with aluminum as cooling 
agent. 
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Melting of extremely reactive materials in conventional 
ceramic crucibles at high temperatures leads to an inadmissible 
contamination of their liquid phase. When reactive materials such 

as titanium, zirconium, superconductors and hydrogen storage 
materials, shape memory alloys, magnets, intermetallic alloys and 
high temperature materials are to be processed with stringent 
requirements towards cleanliness and structural control, the cold 
crucible induction melting and casting method is the solution to 
overcome major limitations of the induction melting method with 
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Fig. 10. Schematic of Induction Cold Crucible 
 

 
 

Fig. 11. Melt in the ICC 
 

The cold wall induction crucible is made of a plurality of 
water-cooled copper segments that allows the induction field to 
couple and heat the charge material. The induction field creates 
a vigorously stirred melt throughout the entire melt time with 
excellent chemical and thermal homogenization. The main 
distinguishing feature is that the melt is kept in the water-cooled 
crucible and, therefore, high-purity of material is assured by solid 
skull layer at the melt-crucible contact zone.  

Because LEICOMELT® furnaces are basically induction 
melting furnaces (Fig. 12), they can be charged with casting revert 
scrap, turnings and sponge rather then utilizing expensive round 
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ingots. One of the salient features is the combination of various 
technological and economical advantages like melting, alloying, 
overheating, and casting in one process-step. Practical 
experiences show that the overheating temperature of the entire 
melt, which is determined by the electromagnetic, hydrodynamic 
and thermal process factors, is one of the key parameters of this 
technological process [4]. 

The inductive cold-wall crucible technology offers the 
following advantages: 
 Melting in a metal crucible without any contamination with 

ceramic; 
 Electromagnetic stirring of the melt provides excellent 

thermal and chemical homogenization of the melt; 
 Thermometallurgical homogenisation and possibility of 

superheating; 
 Melting of reactive metals without any problems. 

ALD is marketing LEICOMELT® furnaces with melt 
volumes within the range of some cubic centimeters up to 
30 liters. Tilt pour and bottom-pouring systems are applied. Static 
and centrifugal investment moulds or permanent moulds made of 
special alloys complete the range of casting techniques. 
 

 
 
Fig. 12. Vacuum Induction Cold Crucible furnace – “Blade 
Caster” 

 
Applications: 

• Titanium golf club heads; 
• Titanium aluminide automotive valves; 
• Titanium alloys parts for automotive exhaust systems; 

• Structural and engine parts (Ti, TiAl castings) for the 
aerospace industry; 

• Implants for human medicine; 
• Hot-end turbo charger wheels; 
• Production of reactive metal powders; 
• Zirconium pumps casings and valves for the chemical 

industry and offshore drilling. 
 
 

4. Conclusions 
 

Vacuum metallurgy is presently entering a new phase 
building on the experience gained from continuously refining 
established processes and developing new process combinations. 
Secondary vacuum processes such as melting and remelting, as 
well as casting and metal-powder technology, have led to high 
quality metallurgical products tailored to meet the ever-increasing 
demands imposed upon them. New processes are being developed 
that will yield improved quality and efficiency as well as the 
opportunity to produce entirely new products. 

Choosing the appropriate technology for these highly 
specialized tasks can only be solved by close cooperation between 
equipment supplier, producer and consumer. ALD is proud to 
master this challenge to the benefit of its contractors, 
manufacturers and customers. ALD Vacuum Technologies 
cooperate with famous and experienced R&D Institutes and 
Technical Universities to improve and develop modern vacuum 
equipment and technological processes.  
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