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METHOD FOR DETECTING RESIDUES ON A COMPONENT

The present invention relates to a method for detecting
residues on a component and particularly on the surface of

the component.

Most components still have residues from the manufacturing
after their production. These may be macroscopic or may
comprise microscopic changes of the surface. In particular,
the surfaces may be chemically contaminated. Depending on
its planned use, the component must be freed of the con-
taminations and cleaned accordingly. However, the type of
the contamination must be known beforehand for this pur-
pose. The methods explained in the following are used in

the prior art for testing the purity of component surfaces.

In a visual examination of the component with the bare eye,
it is examined whether irregularities are recognizable on
metallic, glossy surfaces. Depending on the spottiness of
the component after the cleaning, it may be decided whether
it must be cleaned once again or not. The surface is often
not accessible to a visual examination in the interior of a

hollow body, so that a visual examination is not possible.

When wiping off the surface (DIN 65078) using special media
(papers, filter papers), it is checked whether particles
remain adhering on the wiping medium. Wiping off the sur-
face is only possible when the surface to be tested is ac-

cessible, however.

In a rapid test method using adhesive strips ("Tesa film
test"), a transparent adhesive strip is stuck onto the com-
ponent. When the adhesive strip is pulled off, dirt located

on the surface (above all dust, metal dust, abrasions,
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chips) remain adhering to the adhesive strip. Subsequently,
the adhesive strip is stuck onto a white background, so
that the individual dirt particles are well visible, and
are then counted under the microscope (number) or measured

using a photometer (grayscale).

In the dissolving method in connection with a suitable
chemical detection method, the contaminations on the sur-
face are chemically dissolved. The solution may then be ex-
amined using a gas chromatogram, for example (EN ISO 9377-
2). Alternatively, the solution may be evaporated in a ro-
tation evaporator, for example, and the residue on evapora-

tion is subsequently examined in a downstream method.

The components may be washed using 2-propanol, and subse-
quently the particles are counted. A disadvantage in this
case 1s that lubricant solutions are not detected when they
pass as real solutions into the 2-propancl. Undissolved lu-
bricant escapes detection using the present invention as

does particle counting.

In detection of contamination via wettability, the differ-
ence of the surface tension with a clean or contaminated
surface is exploited (DIN 65079 (12/87), DIN 53364 (06/75),
DIN EN 828 (01/98), QVA-Z10-57-00 (08/96)). Specifically,
to detect the contamination on this basis, a Fettrot test,
a measurement using test inks, a nigrosin test, a contact

angle measurement, or the like may be performed.

It is a requirement in all of the methods cited up to this
point that the surface to be tested is well visible or that
a surface sample may be taken. The lubricant cleanliness of
surfaces in the interior of hollow bodies therefore often
may not be tested using these methods without further meas-

ures, because they are not accessible.
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The quantity of contamination may be concluded by determin-
ing the weight difference between the cleaned and the un-
cleaned component ("weighing method"). However, this method
is only advisable for small components, since only then may
the weighing be performed precisely enough. In addition,
the result of weighing is influenced, inter alia, by the
ambient humidity and the degree of dryness of a component.
Weighing methods are restrictedly suitable or unsuitable

for wet components.

Many mineral oil products contain materials which fluoresce
or display colors upon irradiation using UV light (ultra-
violet). If the suspicion exists that the residues on the
components comprise materials of this type, such a UV test
may be used for detecting the contamination. However, the
chemical composition of the lubricant limits the applica-
bility of this method. The presence of a suitable measuring

apparatus is also a reguirement.

Clean sheet steel forms an adherent copper coating in
acidic copper sulfate (CuS0O4) solution (concentration ap-
proximately 25 g/l), since copper i1s the more noble metal.
A discoloration may thus be observed in a copper sulfate
test. It is to be clarified in the specific case whether
this method may be applied with relatively noble steels.
Because of the toxicity of copper ions and the possible in-
fluence on the tendency toward corrosion of the materials
used in conductive connection to copper, copper sulfate is

precluded for use in the drinking water system.

In the "Berlin blue test", the component to be examined is
laid in an indicator solution (Berlin blue) or has a drop-
let of this indicator solution dripped on it. If the sur-
face colors blue, it is not passive. The "Berlin blue test"”
is based on the formation of chemical compounds which the
clean steel surfaces form with iron. A color reaction oc-

curs. However, this may be more difficult or impossible to
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observe on the inner surfaces of hollow components. The in-
fluence of a reaction of the material with iron (II) and
iron (III) ions may restrict the applicability of the Ber-

lin blue test, however.

In an electrolyte, electrochemical procedures, which may
provide information about the state of the surface (active
or passive), occur on a metallic conductive surface upon
the presence of a current or voltage. In anodic polariza-
tion measurement, an electrolyte droplet is applied between
component surface and counter electrode and a current
source 1is connected between component and counter elec-
trode. The time curve of the resulting voltage and the cur-
rent flowing is recorded and is used as the basis for judg-
ing the surface state. Two method variations are differen-
tiated: the two electrode technique and the three electrode
technique. The apparatus outlay required for performing the

measurements is relatively large, however.

In particular residues in the form of nitrite layers are
analyzed using glow discharge spectroscopy. However, only
relatively thick layers in the um range may be detected.
Thin contamination layers in the nm range may only be de-
tected with difficulty.

Only comparatively thick layers in the um range may also be
analyzed in comparison to other technologies using x-ray
fluorescence analysis (XFA). Nitrite layers may be detected
especially well using the method. However, only smooth sur-
faces may be analyzed using this method. The method is es-
pecially suitable for examinations in the measurement labo-
ratory, it is unsuitable for testing components on location

in production.

Contaminations in the nm range may be assayed using elec-
tron spectroscopy. However, it regquires a high apparatus

outlay which is reflected in the costs for the method. In
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production, methods of this type may typically not be per-

formed routinely because of the high outlay.

This is also true for electron microscopy and atomic force
microscopy (electron force microscopy), using which con-
tamination layers in the nanometer range are also detect-
able. Electron and atomic force microscopy also requires a
high apparatus outlay, which is reflected in the cost for
the method. In production, methods of this type may typi-
cally not be performed routinely because of the high out-

lay.

Hydrocarbon chains on the surface of components may be de-
termined quantitatively using carbon determination through
oxidation. The components to be assayed are heated to tem-
peratures from 200°C to 800°C in a furnace. The temperature
required is a function of the dirt composition. The hydro-
carbon chains of organic contaminants are decomposed and
desorbed, the carbon bonding in the furnace with the oxy-
gen-containing transport gas to form a CO/C0O, mixture. A
conductivity measuring cell, in which the gas is admixed
with sodium hydroxide (NaCH), is used for measuring the
carbon content of the transport gas. It is possible to dif-
ferentiate between different hydrocarbon chains by decompo-
sition at different temperatures because of the differences

in the carbon released.

The present invention is based on the object of allowing
the testing of surfaces which are difficult to access,

without the apparatus outlay growing.

This object is achieved according to the present invention
by the cleaning method according to Claim 1. Preferred em-
bodiments of the present invention are the subject matter

of the subclaims.
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The present invention is based on the idea of detecting a
contaminant rapidly and sensitively through visual compari-
son of a "dirt solution”™ and a reference solution. In par-
ticular a narrow area (solvent-water mixing zone) in a test
tube is observed, in which the solution of dirt particles

is especially noticeable.

The method according to the present invention for detecting
residues on a surface of a component comprises the follow-
ing steps: producing a base solution and a reference solu-
tion from water, producing a washing solution by adding
fresh solvent to the base solution, filling the component
to be tested with the washing solution, wetting the entire
inner surface of the component with a washing solution,
draining the washing solution out of the component, produc-
ing a test solution by adding the washing solution to the
base solution, comparing the test solution to the reference
solution and testing whether a turbidity occurs in the mix-
ing zone between the washing solution and the base solution

as evidence for lubricant on the surface of the component.

The method according to the present invention preferably
has one or - 1f possible - multiple of the following fea-
tures:

to produce the base solution and the reference solution, 9
ml water is placed in a test tube, the water being deion-
ized or distilled;

to produce the washing solution, 1 ml fresh solvent is
added using a Pasteur pipette to the base solution, so that
a solvent-water mixing zone arises in the upper area of the
test tube filling;

the component to be tested is filled approximately 5 to 10%
of its empty volume with the washing solution, but with not
more than 0.1 1 of the washing solution;

the component is shaken and/or pivoted after passage of a
predefined exposure time to improve the solution of the lu-

bricant from the surface;
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the exposure time is at least 10 minutes, and the shaking
and pivoting is performed 10 to 15 times, the exposure time
being doubled for complicated surfaces;

to produce the test solution, 1.0 ml of the used washing
solution is decanted from above using a Pasteur pipette
into a test tube which is filled with 9.0 ml water, the wa-
ter being deionized or distilled and the test tube not be-
ing moved during decanting of the used washing solution;
2-propanol, denatured ethanol, or acetone is used to pro-

duce the washing solution.

An advantage of the present invention is that the present
invention allows the testing of visually inaccessible sur-
faces. In the method according to the present invention,
the complex (gas chromatography) assay of an extract or a
residue of evaporation is dispensed with, the detection of
the component purity is simplified, lubricants or lubricant
components chemically dissolved in the solvent are also de-
tected, the method according to the present invention may
be used independently of the component size, it is inde-
pendent of the ambient humidity, no measuring apparatus is
necessary, 1t is independent of the chemical composition of
the lubricant, no materials are used which result in depos-
its and/or corrosion nuclei in the hollow components and on
other surfaces, the method according to the present inven-
tion may be applied to noble and base metals and to glass,
ceramic, and many polymers, chemical reactions because of a
testing method are avoided, no measuring apparatus are re-
quired, the method according to the present invention is
independent of the layer thickness of the contamination, no
analysis device is required, and the method is thus suit-

able for use on location.

Further features and advantages of the present invention
result from the following description of preferred exem-
plary embodiments, in which reference is made to the at-

tached drawing.
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Figure 1 shows the sequence of a preferred embodiment of

the method according to the present invention.

In the method according to the present invention, whose se-
qguence is shown in Figure 1, 9 ml deionized or distilled
water i1s placed as a base solution in a test tube, step 1.
Parallel thereto, in step 2, a reference sample (also re-
ferred to as a blind value or null sample) of the same com-
position is produced, i.e., as 9 ml deionized or distilled

water in a test tube.

To produce the actual washing solution, fresh solvent is
added thereto using a clean Pasteur pipette in step 3 in
such a way that a solvent-water mixing zone arises in the
upper area of the test tube filling. The quantity of the
solvent is preferably 1 ml. During the mixing, as a result
of the change of the index of refraction of the mixture, a
change of the transparency may occur, which does not repre-
sent turbidity, however, and disappears within a minute. If
a permanent turbidity forms, the solvent and/or the water
is contaminated and may not be used for performing the
test. Water and solvent are then to be replaced by fresh

substances.

The component to be tested is filled with the washing solu-
tion, step 4, an appropriate quantity of the washing solu-
tion being used. This washing solution gquantity is a func-
tion of the volume of the component. Preferably, approxi-
mately 5 to 10% of the empty volume of the component is
filled with solvent, the gquantity is not to exceed 0.1 1
for reasons of environmental protection, however. The com-
ponent is closed by a fitted stopper and rotated and turned
in such a way that the entire inner surface is wetted with
the washing solution, step 5. In order to unfold its de-
sired effect, the washing solution must act for at least 10

minutes. For complicated inner surfaces, the exposure time
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is doubled, so that all surfaces are wetted by the washing
solution. In order to ensure the wetting of the entire sur-
face, the component is preferably shaken or pivoted 10 to
15 times. The lubricant solution is thus improved by the
flow of the washing solution along the surfaces of the com-

ponent.

In step 6, the washing solution is drained out of the com-
ponent. A test solution is produced using the used washing
solution and the remaining clean base solution, step 7. For
this purpose, 1.0 ml of the used washing solution is re-
moved using a Pasteur pipette and added from above into a
test tube, which is filled with 9.0 ml of the base solu-
tion, 1i.e., deionized or distilled water. The test tube is
preferably fixed, so that it does not move and the washing
solution and the base solution may be situated one over an-

other in layers in the test tube.

If lubricant present on the component is dissolved by the
solvent, turbidity which is more or less definite occurs in
the test solution, which may be observed well in the mixing
zone between the washing solution and the base solution. It
may take up to 5 minutes until the turbidity occurs and/or
is well recognizable in the test solution. How rapidly the
turbidity occurs is a function of the type and the concen-
tration of the lubricant. With some silicone lubricants and
with lubricants based on polyfluorinated alkanes or per-
fluorinated polyethers, the method must be applied multiple

times in some circumstances.

To recognize a turbidity in the test solution, in step 8,
the test solution is preferably compared to the (clear)
reference solution, in particular in the event of weak tur-
bidities. After it has been established in step 9 whether a
turbidity exists or not, the proof is furnished, either the
lubricant is present on the component, step 10a, since in

comparison to the reference a turbidity is recognizable, or
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no lubricant is present on the component, step 10b, since
no turbidity is recognizable in comparison to the refer-

ence.

Only 2 test tubes, 2 Pasteur pipettes having a volume of
1.0 ml, a measuring cylinder having a volume of 10.0 ml,
and a beaker, as well as diverse stoppers for the component
to be assayed, are required for performing the method ac-

cording to the present invention.

It is essential in the method according to the present in-
vention that all devices used are clean and free of lubri-
cant. Contaminated devices result in false results and
therefore may not be used. In addition, only water-soluble
liquids come into consideration as the solvent. If the sol-
vent used is poorly soluble or insoluble in water, no mix-
ing zone or only a very limited mixing zone arises. A tur-
bidity may not occur even though lubricant is dissolved,
and incorrectly result in the statement "component clean™.
Solvents with poor or limited water solubility may cause a
turbidity with the water in the mixing zone and simulate a
lubricant content. The solvent used must have the degree of
purity p.a. (pro analysi). The degree of purity is speci-
fied on the chemical bottle by the producer. The use of
solvent of lower quality may result in false test results
and is not permissible. Distilled or deionized water is to
be used for the reference test and for the assay of the
solvent applied to the component. If other water qualities
are used, interference in the recognition of the turbidity
in the samples and/or in the reference may occur. Sample
and reference may then no longer be compared to one an-

other.

The present invention is suitable for small components
which may be lifted and turned easily by one person alone.

For reasons of work and environmental protection, the quan-
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tity of the solvent used is preferably limited to at most
0.1 1.

The temperature of the component surface to be cleaned may
not exceed the boiling point of the solvent used, since it
then vaporizes immediately. Temperatures of over 25° are
preferably avoided, since many solvents vaporize noticeably
then and the lubricant solution becomes worse. Temperatures
below +0.1°C are preferably also avoided, since aqueous lu-
bricant systems may then be partially or entirely frozen
and may withdraw entirely or partially from being dissolved

by the solvent.

In an experimental series, it was observed that lubricant
only partially dissoclves in the solvent. The solution of
the lubricant is thus not complete and does not replace
component cleaning. Acetone has been shown to be the most
suitable solvent in the experiment in comparison to 2-
propanol and denatured ethanol. Through IR spectral re-
cordings of the lubricants used in the acetone extracts in
the laboratory, it was able to be verified that lubricants
were at least partially dissolved by acetone and the tur-
bidities observed upon dilution of the acetone extracts
with water were to be attributed to the lubricant or lubri-

cant components dissolved in the acetone.

The advantages of the present invention are, inter alia,
that the present invention provides the result of the assay
of the degree of contamination within a few minutes. Fur-
thermore, the present invention may be applied to all sol-
vent-resistant surfaces, such as glass, steels, ceramic,
and many polymer materials. In addition, the present inven-
tion may be applied without the presence of a water or
power connection, i.e., "in the field" or in running pro-
duction. No specially trained personnel are required for
performing the lubricant detection method described in the

scope of the present invention. Laboratory instruments or
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testing devices are also not required. Some consumable ma-
terials such as solvent, deionized or distilled water, and
Pasteur pipettes are necessary. No costs are thus caused by
the application of the present invention. In addition, the
method according to the present invention displays high ef-
ficiency, in particular if the lubricant entirely or par-
tially dissolves in the washing solution. The method ac-
cording to the present invention is thus equal to other de-
tection methods which are based on dissclving, and it man-
ages without further laboratory analysis. The method ac-
cording to the present invention is also independent of the

thickness of the lubricant layer.
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Reference signs

10

production of base solution from water

production of reference solution from water

production of washing solution by adding solvent to
base solution

filling the component with washing solution

wetting the surface of the component with washing so-
lution

draining the washing solution from the component
producing test solution by adding the washing solution
to the base solution

comparing the test solution to the reference solution
qguery: turbidity in mixing zone between washing solu-
tion and base solution?

proof: 10a lubricant on component, 10b no lubricant on

component
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CLAIMS

1. A method for detecting residues on a surface of a com-
ponent, which comprises the following steps:
producing a base solution (1) and a reference solution
(2) from water,
producing (3) a washing solution by adding fresh sol-
vent to the base solution,
filling (4) the component to be tested with the wash-
ing solution,
wetting (5) the entire inner surface of the component
with the washing solution,
draining (6) the washing solution from the component,
producing (7) a test solution by adding the washing
solution to the base solution,
comparing (8) the test solution to the reference solu-
tion and testing (9) whether a turbidity occurs in the
mixing zone between the washing solution and the base
solution, as proof (10a, 10b) of lubricant on the sur-

face of the component.

2. The method according to Claim 1, wherein to produce
the base solution (1) and the reference solution (2},
9 ml water is placed in a test tube, the water being

deionized or distilled.

3. The method according to Claim 1 or 2, wherein to pro-
duce (3) the washing solution, 1 ml fresh solvent is
added using a Pasteur pipette to the base solution, so
that a solvent-water mixing zone arises in the upper

area of the test tube filling.

4, The method according to one of the preceding claims,
wherein the component to be tested is filled to ap-

proximately 5 to 10% of the empty volume with the
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washing solution, but with not more than 0.1 1 of the

washing solution (4).

5. The method according to one of the preceding claims,
wherein the component is shaken and/or pivoted after
passage of a predefined exposure time to improve the

solution of the lubricant from the surface.

6. The method according to Claim 5, wherein the exposure
time is at least 10 minutes and the shaking and pivot-
ing is performed 10 to 15 times, the exposure time be-

ing doubled for complicated surfaces.

7. The method according to one of the preceding claims,
wherein to produce the test solution (7), 1.0 ml of
the used washing solution is decanted from above into
a test tube using a Pasteur pipette, which is filled
with 9.0 ml water, the water being deionized or dis-
tilled and the test tube not being moved during the

decanting of the used washing solution.

8. The method according to one of the preceding claims,
wherein 2-propanol, denatured ethanol, or acetone is
used as the solvent for producing (3) the washing so-

lution.
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1 1  producing base solution from water

2 ™\ producing reference solution from water

producing washing solution by adding
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3 solvent to base solution

4 ~ filling the component with washing solution

wetting the surface of the component with
washing solution
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[ solution to the base solution

g8 ™M comparing the test solution to the reference solution

turbidity
in mixing zone bet-
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lubricant on component no lubricant on component

FIG. 1
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