
Ready for New Applications
Enclosed machines are the ideal solution for the ultra-fine cleaning of parts with complex shapes 
because all types of liquid chemical cleaning and drying processes can be used. In addition, new 
technologies such as cyclic nucleation and hybrid procedures are available.

Gerhard Koblenzer

The demand for ultra-fine cleaning so-
lutions for increasingly complex tasks is 
growing in all areas of industry. These in-
clude medical technology products and 
components such as valves, cooling ele-
ments and cooling pipes in the semi-con-
ductor sector, for example. New produc-
tion processes, including additive manu-
facturing, together with special coating 
and bonding procedures and the increas-
ing demand for high-quality sensors in 
the automotive industry are extending the 
range of applications where there is a need 
to remove ultra-fine particles and films. It 
is here that traditional ultrasound systems 
begin to reach the limits of their capabili-
ties. Single or multiple chamber machines 
with hermetically sealed cleaning cham-
bers offer a far wider range of options.

Problems in ultra-fine cleaning

The key risks involved in ultra-fine clean-
ing processes include cross contamina-
tion from upstream/downstream proce-
dures and the effects caused by handling 
the parts and contact with the surround-
ing environment. These become particu-
lar problems as soon as complex-shaped 
parts have to undergo ultra-fine cleaning. 
On the one hand, it is important to pre-
vent the parts from becoming contaminat-
ed with particles or films by means of pro-
cess-related and mechanical components, 
such as valves, rotating movements and 
dead spots. However, on the other hand, 
greater importance must be placed on the 
design of the system’s mechanical compo-
nents and processes because of the critical 
shapes of the parts.

In addition, the parts that are to be cleaned 
undergo preliminary processes that often 
cause significant contamination, such as 
machining or grinding. If the contamina-
tion levels are high, the filtration rate must 
be increased, together with the volume of 
liquid used for cleaning. The resulting re-
quirements include:

 ●  High volume flow rates with specific 
media

 ● Higher spray and immersion pressures
 ●  Relative movements such as pivoting, 

turning or rotating at intervals
 ●  Low pressure cleaning processes, with 

and without ultrasound.

This is not possible in open multi-tank 
systems or only with significant restric-
tions. In addition, when cleaning parts 
with coated surfaces there is the risk of 
damage being caused by the ultrasound.

Fewer cleaning and rinsing 
processes needed

The cleaning processes provided by tra-
ditional ultrasound multi-tank immer-
sion systems are based on the mechani-
cal cleaning abilities of ultrasound and, 
in some cases, megasound, combined 
with appropriate chemicals and the num-
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The benefits of enclosed chamber machines, in this case an automated top-loader, include the 
hermetically sealed cleaning chambers.
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ber and quality of the cleaning baths. The 
circulating filtration systems are designed 
to remove floating contamination from the 
surface of the liquid, filter it out and re-
turn the cleaned liquid to the machine. 
In some cases the liquid is removed from 
below the surface of the bath. The move-
ments of the parts are adapted to the ul-
trasound frequency and can include lift-
ing and lowering or rotation.
Enclosed chamber systems are used in 
the automotive supply sector and in oth-
er areas of industry. In many areas where 
ultra-fine cleaning is required, they are 
regarded as preferable to multi-tank im-
mersion machines. The reason for this 
is that the hermetically sealed cleaning 

chambers offer a wider range of func-
tions. They allow for cleaning processes 
under high or low pressure, almost un-
limited volume flow rates and higher fil-
tration rates, which makes it possible to 
remove the contamination much more 
quickly. In vacuum systems, the clean-
ing chambers can be filled with liquid 
at low pressure and this is less likely to 
have a negative impact on the cleaning 
chemicals.
The result is an improvement in the media 
quality in the cleaning and rinsing stag-
es. The option of blow-drying the parts be-
tween the phases of the process and the 
use of improved media distribution sys-
tems keeps carry-over to a minimum and 

significantly reduces the total number of 
cleaning and rinsing processes required 
for each task, particularly when compared 
with multi-tank immersion systems.

Cleaning without carry-over

Re- or cross-contamination can be almost 
eliminated, as the entire area that comes 
into contact with the cleaning media is 
itself continuously cleaned. Other bene-
fits include the fact that the media tank 
is generally 1.5 to 2 times larger than the 
cleaning chamber and that the hermeti-
cally sealed chamber can be directly con-
nected to appropriate supplies of media 
such as air and liquids.
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Where there are two or more cleaning 
chambers, the cleaning and rinsing 
stages can be completely separated, 
with no risk of carry-over. This allows 
the system to be integrated into  
a clean room environment.
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In addition, if there are two or more clean-
ing chambers, the cleaning and rinsing 
stages can be completely separated, with 
no risk of carry-over. This also signifi-
cantly increases the throughput. In this 
type of system the media tanks and the 
cleaning chambers are not connected as 
part the process and so, if necessary, they 
can be located in separate rooms. For ex-
ample, the cleaning machines can be in-
tegrated into a clean room environment 
or into the clean room transition area as 
inline chambers. The storage tanks with 
the modules for filtering and recycling the 
cleaning media can be positioned outside 
the clean room or on another floor. These 
types of systems are available in all sizes.
The integration of a vacuum-based clean-
ing process (cyclic nucleation) allows the 
inside of pipes or densely packed complex 
components, for example, to be cleaned 
easily (with the benefits of packing densi-
ty). In addition, the chamber systems are 
ideal for cleaning batches of parts and in-
dividual components, for steam-cleaning 
and steam-rinsing applications and for the 
use of all common drying processes.

Example from the semi-conductor 
industry

Open multi-tank immersion systems are 
essential for cleaning wafers in the semi-
conductor industry. However, this type of 
machine is largely unsuitable for clean-
ing valve assemblies, mechanical units, 

heat exchangers and cooling pipes. For 
these types of application, LPW has devel-
oped a front-loading, dual-chamber sys-
tem with three media tanks. After the ma-
chining process and before final assem-
bly, machined aluminium components are 
cleaned in a clean room in batches with a 
maximum size of 800 × 500 × 650 mm.
This is an excerpt from the cleaning crite-
ria for this process:

 ●  Films of organic contamination: 10 to 
100 ng/cm2 greater than C7

 ●  Particle contamination: approximately 
30 µm < 4 particles/10 cm2 under UV 
light; 0.3 µm ≤ 10,000 particles/cm2; 
0.2 µm ≤ 20,000 particles/cm2.

Other limits were specified for metallic in-
organic residues on around 40 metals and 
anions.
The components are transported auto-
matically into the first chamber in a lam-
inar flow. Here the parts are cleaned us-
ing a high-pressure agitation process at 
18 bar with a high volume flow rate and 
then rinsed with distilled media. Then the 
parts are cleaned and rinsed using ultra-
sound. The parts are subjected to prelimi-
nary cleaning with a cyclic nucleation pro-
cess in each bath. In the second chamber 
the parts undergo precision rinsing with 
ultrasound and cyclic nucleation and a fi-
nal spray rinse with ultra-pure water. This 
is followed by a hot air and cyclic nuclea-
tion/vacuum drying process and then the 
parts are automatically transported into 
the neighbouring clean room.

Conclusion

Enclosed cleaning machines allow tried-
and-tested liquid cleaning processes and 
all types of drying processes to be used for 
complex parts. In addition, all the benefits 
of new technologies such as cyclic nuclea-
tion and hybrid procedures are also avail-
able. The hermetically sealed chambers, 
which are supplied as front-loading, top-
loading or inline systems, can easily be 
integrated into clean room environments. 
The option of locating the media tanks 
away from the area where the parts are 
cleaned ensures that both current and fu-
ture requirements can be met. // 
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The enclosed machines are also ideal for ultra-fine cleaning of large 
components, such as these aluminium profiles which are 4000 × 700 × 
700 mm in size.

Cleaning chambers and fittings with surfaces that have been specially 
treated and then electropolished contribute to the quality of the 
cleaning process.
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