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Abstract 

 
Dynamic Metallisation (Dymet) is a portable low-pressure alternative of cold spray technology. The 
Dymet equipment is a flexible and cost-effective tool used in both small repair shops and large 
manufacturing plants. The main applications of this technique are repair and restoration of machine 
parts, corrosion protection, moulds modification, electro-conductive and special coatings. Our previous 
publications were related to the basic principles of the dynamic metallisation, restoration of worn, 
damaged or defective metal parts, anti-corrosive coatings and technical and economic aspects of using 
Dymet. 

 
This article provides an evaluation of dynamic metallisation for various industrial applications, 
particularly, repair of aluminium parts and casting dies. In comparison with traditional methods, such as 
argon-arc welding, use of Dymet equipment makes the restoration process much easier, reduces repair 
time, excludes preheating of the parts and provides a reliable hermetic sealing. In addition to technical 
advantages such as the simplicity and flexibility of the process, equipment portability and reliability, the 
Dymet provides significant economic benefits. Thus, our experience of the implementation of the 
dynamic metallisation shows that its payback period is only 2-3 months and the annual savings may 
reach several hundred thousands dollars. 
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INTRODUCTION 
 
Dynamic metallisation (Dymet) belongs to a large group of thermal spraying methods.  It is also known 
as gas dynamic metal deposition and was originally developed as a portable and low gas pressure 
alternative to cold spray technique1-2. A number of original ideas and technical solutions have been 
realised in the Dymet spraying method and equipment which are protected by patents in many countries3-

5. The main principle of this method is to utilise compressed air to carry and deposit fine metal particles 
on the surface of a substrate. The specially designed spraying gun is used to accelerate to supersonic 
velocity and preheat the air. The metal particles are sucked by the supersonic air jet in the nozzle and 
delivered to the treated surface. Due to their high velocity, the particles adhere to the substrate on a 
subatomic level and create a continuous metal layer. 
 
In contrast to other thermal spraying techniques such as HVOF, plasma or arc spraying Dymet is a low-
temperature process. Although the air is preheated in the nozzle to 300 - 400oC the working temperature 
of metal particles is below melting point of used metals. The temperature on the treated surface does not 
exceed 200oC and depends on the distance between the nozzle and surface, temperature mode and 
physical properties of materials. 
 
Since its introduction in Australia 4 years ago Dymet was successfully implemented by the industry and 
investigated by research organisations. Some of the applications found in Australia are unique and 
cannot be replaced by any other methods. For example, Dymet is used to create abrasive coatings on 



plastic gripping parts6 and to mark items with an original DataTraceDNA technology for brand 
Identification and anti-counterfeiting protection.  
 
Previously the Dymet technology was presented in several national conferences7-9 and exhibitions. This 
article provides an evaluation of the use of dynamic metallisation in various industrial applications and 
gives some examples of such applications. There are several aspects that should be taken into 
consideration in this evaluation – the Dymet process and the equipment itself, coatings characteristics 
and economic benefits to the user. These aspects demonstrate why the Dymet technology is demanded by 
the customers and applicable in many industrial fields. 
 
THE DYMET PROCESS AND EQUIPMENT 
 
The dynamic metallisation process is based on the acceleration of metal microparticles by compressed air 
and bombing the surface at supersonic velocity. The main part of the process is the spraying gun (Fig.1). 
The gun combines several processes such as heating the compressed air, sucking the metal powder and 
accelerating the metal particles. The specially designed nozzles enable reaching supersonic velocities of 
500-700 m/s using low pressure (5-6 atm) air.  
 
Unlike other thermal spraying processes, the 
Dymet technology operates at temperature 
below metals melting point (300-400C). The 
metal particles stay in contact with hot air for 
just a fraction of a second, therefore, the 
materials sprayed with Dymet experience little 
or no oxidation during the process and the 
coatings show high densities and 
conductivities. This fact makes the technology 
unique.  
 
The Dymet equipment is designed to spray a variety of metal powders such as aluminium, zinc, copper 
and other metals. The coatings can be applied in a wide range of assembly, repair and restoration works 
in various areas of industry. The equipment is made as a portable rack (Figure 2) where a manual spray 
gun, powder feeders, air preparation elements and electric controllers are mounted. Compressed air, 

electric power and metal powders are required for the 
equipment to work. 
 
The Dymet equipment is very easy to operate. 
Everyone can use it after a short demonstration. At the 
same time there are some basic rules that allow to 
maximise the process efficiency.  
 
Thus, the maximum deposition rate can be achieved 
when spraying at the direct angle to the part surface. 
The distance between the nozzle and the surface 
should be within 5-20 mm. The air pressure should be 
maintained in the range of 5-6 atm (bar) while the 
powder supply rate and the process temperature 
should be adjusted depending on the part geometry, 
type of powder and the job requirements. 
 

 

 
Figure 2 Dymet model 404 

 
Figure 1 Scheme of the Dymet process 



THE DYMET COATINGS CHARACTERISTICS 
 
The most important properties of the Dymet coatings that determine their industrial applications are high 
adhesion to substrate and mechanical properties, low porosity and gas permeability, increased hardness 
and corrosion resistance. Some of these characteristics are described below. 
 
Bonding strength (adhesion, adhesive strength) of a coating with a substrate is one of the most important 
parameters. The increase of adhesion of a coating compared to the other can be considered as a serious 
advantage of this coating. Typical adhesion of thermal coatings ranges between 10-20 MPa (electro-arc 
metallisation) and 90-100 MPa (a detonation method). During the development of various Dymet 
coatings a large amount of measurements and tests of the coatings was conducted. The experimental data 
of adhesion tests of some types of coatings were generalised and given in Table 1. 

 
Table 1 Adhesion strength of some Dymet coatings on aluminium and steel substrates 

Powder 
composition 

Substrate 
material 

Surface 
preparation Adhesion, MPa 

Al, Al2O3 Aluminium - 60-90 
Al, Al2O3 Steel Sand blasting 40-60 

 
Al, Zn, Al2O3 Aluminium - 60-80 
Al, Zn, Al2O3 Steel Sand blasting 40-60 
Al, Zn, Al2O3 Ceramic Sand blasting 10-30 

 
Zn, Al2O3 Steel - 15-20 
Zn, Al2O3 Steel Sand blasting 30-50 
Zn, Al2O3 Steel - 40-50 

 
Cu, Al2O3 Aluminium - 40-50 
Cu, Al2O3 Steel Sand blasting 30-40 

 
Zn, Cu, Al2O3 Steel Sand blasting 40-60 

 
Ni, Zn, Al2O3 Steel Sand blasting 30-50 
Ni, Al2O3 Aluminium No 40-50 

 
The tests results show that the adhesion strength of the coatings obtained by Dymet technology ranges 
within 40-80 MPa. In some cases adhesion may reach 100 MPa and is never less than 20 MPa, except 
coatings deposited on hard ceramic substrates. In the latter case adhesion of the coatings lays usually in a 
range of 10-20 MPa. It can be noted that aluminium coatings usually have superior bonding strength with 
all types of substrates compared to coatings of other metals, obtained in similar conditions. 
 
During the adhesion pin tests it was observed that the fracture frequently occurs not precisely by the 
interface between the coating and substrate, but in the volume of the coating. It means that we deal with 
cohesive fracture rather than adhesive fracture. This fact was confirmed for various types of coatings and 
shows that mechanical strength of the coatings is comparable with their adhesive strength and lays in the 
range of 30-80 MPa.  
 
Another significant coating characteristic is its hardness. Due to presence of ceramic particles the Dymet 
metal coatings are generally harder than the same solid metal. It was noticed by the local manufacturers 
who use Dymet for cosmetic repair of aluminium parts. Thus, the deposited material is harder to grind 



and polish than the base metal. For finishing applications the coating hardness is not so important; 
however, for repair and surface restoration of hard alloy parts it is critical. 
 
The Dymet equipment is used to deposit mainly soft metals such as aluminium, zinc, copper and their 
mixtures. At this stage the hardest commercial material is nickel powder. To develop harder materials for 
various applications we tried to add chrome powder to nickel powder. A comparative study of hardness 
of commercial and modified powders 
has been conducted. Due to the fact 
that the hardness may vary with load 
and be influenced by surface scratches 
and roughness10 a stainless steel plate 
was used as a reference. The Brinell 
hardness test was conducted with a 2-
mm ball indenter and 40-kg load. The 
Vickers test was conducted with a 
prism indenter and 50-kg load. 
 
Fig. 3 shows that nickel and nickel-
chrome coatings are comparable or 
better than stainless steel. They reach 
180-190 BHN and 230-250 HV. All 
nickel and nickel-chrome coatings are 
harder than mild steel. It was noticed 
that adding zinc powder to nickel 
compounds improves the powder 
deposition rates but significantly 
reduces their hardness. 
 
The results of hardness test demonstrate the possibility to use nickel and nickel-chrome powders in repair 
of hard metal parts. Particularly, they can be used in repair of aluminium casting dies, cast iron parts. 
Further improvement of hardness can be achieved by thermal treatment of the coatings. It will be a 
subject of further investigation. 
 
It is worth mentioning about corrosion resistance of Dymet coatings. A 168-hour salt spray test11 was 
conducted by an independent organisation. The Dymet coatings were compared to hot dip galvanised 
parts. The estimated thickness of the coatings was 40-50 microns, zinc galvanised layer – 30-50 microns. 
The salt spray test results presented in Table 2 show that the sprayed coatings are equal or better than 
zinc galvanised coatings. The best results were achieved with nickel-zinc compound. 
 
Table 2 Results of neutral salt spray test 

Sample Hours Observation Further effect 

Steel substrate with no 
coating 

72 Significant amount of red rust Significant degradation 

Zinc coating 118 Trace amount of red rust noted   Slight increase in red rust 
Nickel- Zinc coating 144 Trace amount of red rust noted  Slight increase in red rust 
Alum- Zinc coating 72 Trace amount of red rust noted No increase in red rust 
Aluminium coating 72 Trace amount of red rust noted No further red rust noted 
Hot dip galvanised part 1 96 Red rust noted Slight increase in red rust 
Hot dip galvanised part 2 72 Red rust noted Slight increase in red rust 
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Figure 3 Brinell and Vickers hardness of Dymet coatings 
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The corrosion test results allow applying Dymet coating for corrosion protection of metal parts and 
structure. Particular applications are corrosion protection of automotive parts, welded seams, buildings 
and metal structures, restoration of worn zinc galvanised coatings and repair of defects on hot dip 
galvanised structures.  
 
  
ECONOMIC BENEFITS 
 
In our previous publications9 we have already given quite detailed explanations about the economic 
benefits that the Dymet technology provides to the customers. In this article we will just give one 
example in regards to payback period.  
 
The example is as follows. A company produces aluminium parts, which may have some defects. The 
defects could be found right after the casting process or after the mechanical processing of the parts. To 
fix the problems the parts should be reworked (e.g. remelted). Assume the cost of rework is $20 per part. 
The amount of parts that can be restored with Dymet technology was accepted within 10 to 25 parts a 
day. Lower cost and smaller quantities of the repaired components may not be economically beneficial 
due to high labour costs. 
 
The calculations are based on the standard 
costing system and average rates and costs used 
in the Australian industry. 
 
One of the main criteria of implementing new 
technology is a short payback period or the time, 
during which the company returns the money 
invested into this technology. In particular, the 
implementation of Dymet technology enables 
the company to restore some defected parts and 
save money on a rework. To find out when the 
savings become equal to the invested money, a 
break-even chart is built. Fig. 4 shows diagrams 
of operations cost and savings at different 
quantities (10-25) of repaired parts per day and 
different rework cost ($20 per part). 
 
Operations cost was calculated by the formula 12-13: 

Operations cost = Fixed cost + Variable cost * Quantity of repaired parts 

where fixed costs are equipment cost + tool cost. In this case tool (e.g. ventilation system) cost is zero. 
Variable costs (material cost + power consumption + labour) are added to the total cost according to the 
quantity of repaired parts. 
 
Savings is a sum that can be saved on rework: 

Saving = Rework cost * Quantity of repaired parts 

It can be seen from Figure 8 that the payback period (in the case of cost of the part repair = $20) is 3 and 
7 months when the quantity of repaired parts is 10 and 25 per day respectively (See break-even points).  
 
The above calculations have been done for demonstration purposes only. However, the implementation 
of Dymet in the industrial companies shows similar results. In particular, the payback period was in the 
range of 3-6 months. 

Cost, k$ 

 
   

Time, months
 

Figure 4. Operations cost (□) and savings (∆) at 
different quantities (10-25) of repaired parts per day 



 
Figure 6 Repair of casting defects  

in a transmission case 

INDUSTRIAL APPLICATIONS 
 
In this chapter we would like to give a few examples of the Dymet industrial applications. In fact there is 
a variety of applications found in a range of enterprises - from small workshops to large manufacturing 
companies. Our aim is to provide basic information which may let the readers to come up with new 
Dymet applications. 
 
Most of Dymet applications are determined by its major advantages – low temperature spraying and high 
accuracy. The most typical use is repair of worn and defected metal parts, particularly, thin wall (<2mm) 
parts. Fig. 5 shows a block of a jet ski engine with a broken thin wall that retains a sealing ring. It was 
possible to restore the wall by spraying an aluminium-zinc powder. It took only 5 minutes and did not 
cause any distortions or thermal stresses. Prior to metal powder spraying the surface was blasted with 
Dymet using an abrasive powder to ensure a reliable adhesion of the deposited metal to the substrate. 
The restored volume was machined at low cutting speed. The engine was re-assembled and installed 
back on the jet ski, which is currently on trial.  

 
Another typical application of the Dymet technology is in the light metal castings industry. It can be 
effectively used in the repair of defects of 
aluminium castings such as engine blocks and 
cylinder heads, alloy wheels, inlet and outlet 
manifolds and other automotive components. 
Typical defects of castings are microcracks, 
flaws, cavities, bowls, through porosity. Often 
these defects may not affect the mechanical 
properties and reliability of the products, but 
they definitely influence their appearance and, 
therefore, their commercial value. Such 
problems can be solved fast and cost-effectively 
using Dymet.  
 
Fig. 6 presents a photo of a cast case of an 
automobile transmission. The case had a crack 
on a lateral surface. The defect was fixed within 
20 seconds by spraying an aluminium powder. 
The volume of the deposited material was 0.5 – 

   
Figure 5 Ski jet engine before and after the restoration of a seal retaining wall 



0.7 cm3.). Further operations may include polishing down an excessive volume of the deposited metal 
and blasting the surface with a fine abrasive powder to match the coating with original surface. The total 
repair time is usually 1-3 minutes depending on the part complexity. Other aluminium castings can be 
fixed in a similar way. 
 
Apart from the casting parts the cast dies can also be repaired and maintained with Dymet. If in the 
plastics industry injection moulds can be easily fixed by spraying an aluminium powder, the aluminium 
cast dies require higher hardness and wear resistance. The hardness tests results presented in this article 
demonstrate the opportunity to use nickel powders for such applications too. 
 
To repair cast dies with Dymet a practical methodology was developed. The repair process includes the 
following stages: blasting the eroded surface with abrasive powder; depositing nickel powder on the 
clean surface; removing excessive amount of deposited material by grinding and polishing; conditioning 
the die in the oven at 800C for 1 hour and cooling down on the air. The thermal treatment significantly 
increases the hardness of the coating. 
 
The die shown in Fig. 7a has cracks caused by thermal erosion. The cracks deteriorate the quality of 
aluminium castings and reduce the plant productivity. Fig.7b demonstrates this die after the repair which 
was done according to the above methodology. The die was used in 1000 casting cycles and is still in the 
good working conditions. 

The above applications of Dymet are quite common, and this technology was developed for such 
applications.  There are also very unique applications. We’ve already reported about the use of Dymet in 
the production of plastic gripping parts with abrasive coatings6. Another interesting application is 
coupled with an original DataTraceDNA® technology.  
 
DatatraceDNA is an industrial technology that provides a simple, cheap and reliable means of brand 
identification and anti-counterfeiting protection. The identification compounds сan be added to a wide 
range of materials and products including paints, coatings, polymers, adhesives, cement, explosives, 
paper, and packaging. Usually they are added at a pre-manufacturing stage in raw materials. It was a 
problem to mark ready products especially made of metals, ceramic and glass.  
 
A range of tests showed that adding identification markers to Dymet powders enables their embedment 
into metals by spraying the powders. This provides an excellent opportunity to significantly increase the 
potential applications of the DataTraceDNA technology. Thus, Dymet can be applied after the metal has 
been manufactured. For example, metal weapon and aircraft parts may be marked after their 

 
a) 

 
b) 

Figure 7 Aluminium casting die before and after the restoration 



manufacture. This allows parts to be marked individually, in batches, or in any other format that may be 
desired.  
 
The Dymet technique provides a number of advantages for this marking method. Dymet is remarkably 
quick and has no significant deleterious effects to the metal crystalline structure, or to the metal thermal 
history. This deposited marks become a part of the metal structure and effectively impossible for 
someone to erase this identity by grinding it away. If any spot, even a microscopic one, is missed, the 
code remains there and can provide an identity. Fig. 8 shows glass and brake pad samples marked using 
Dymet. 

It is worth briefly mentioning some other Dymet applications: 
 Corrosion protection (protection of welding seams, restoration of zinc galv layer after welding, 

elimination of defects on zinc galvanised parts) 
 Electro-conductive coatings on steels, glass and ceramic parts 
 Repair of injection moulds 
 Rapid prototyping and on-floor modification of parts 
 Aluminizing of steels to increase their heat-resistance 
 Anti-seizure coatings on threads (drilling pipes, large bolts) 
 Restoration of sliding bearings 

Of course, this list is not finite, but it gives the reader an idea of what kind of problems can be solved 
with Dymet. 
 
 
CONCLUSION 
 
This article provides an evaluation of the use of dynamic metallisation in various industrial applications 
and gives some examples of such applications. Several aspects have been taken into consideration in this 
evaluation – the Dymet process and equipment, coatings characteristics and economic benefits to the 
user. The combination of technical and economic features of Dymet equipment such as low cost, 
environmentally friendly spraying process, portability and operational flexibility makes it attractive for 
the customers and allows it to be used in a number of industrial applications.  
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