FLUORESCENT MAGNETIC POWDERS FOR VISIBLE LIGHT APPLICATIONS
Codice IDN50
The new ASME 2010 Sect. V Art. 7 describe respectively in Appendix III : “Magnetic Particle Examination using the Yoke technique with Fluorescent Particles in an Undarkened area” and Appendix IV : “Qualification of Alternate Wavelength Light sources for excitation of Fluorescent Particles” .

It is clear that ASME have taken into account the need to use fluorescent magnetic particles also outside the “standard” conditions of darkened area (white light max 20 lx) and UV light 365 nm of minimum 10 W/m2 (1.000 mW/cm2), as indicated also by the European Standards ISO 9934-1 par. 10.2: “A higher UV-A radiation allows the acceptance of a proportionally higher environmental white light intensity, provided that it can be proved that the contrast between the indications and the background is maintained unchanged”.
When doing a magnetic testing in an undarkened area, operators normally can use coloured magnetic particles both dry and wet method (provided there is enough contrast with the surface under examination!). These particles though have several disadvantages: difficulty of application, low sensitivity, necessity to use (and often remove) the white background lacquer with black wet magnetic particles.
On the market there are also “dual colours particles” (approved by ASTM E 709) which means they are visible either under white light or black light (fluorescent), but their use has been so far very limited for the reasons we will explain later.

Fluorescent magnetic particles with their characteristics of high sensitivity, easy application, no need to apply (and then remove) any white background paint, could well be very useful in many occasions when the conditions of use of coloured particles are particularly penalizing.
The ASME Standards describe an artificial defect (“shims”, described in T-764.1.2) to demonstrate to the Inspector that the alternative procedure allows to obtain indications that are similar or better than those obtained with the “standard” procedure. This procedure would satisfy also the ISO Standards, that ask to prove that the contrast between the indications and the background is maintained by increasing the intensity of UV light when in presence of a higher than standard white light intensity.
Both in Appendix III and IV (Table III-721 e Table IV-721) are listed as “essential variables” the qualifying points of the procedure, amongst which are the magnetizing instruments and the luminance conditions: top of the list tough is the “Particle manufacturer name and product designation”.
This is an important difference to notice with for example with the initial Table 721 of ASME Sect.V that lists the essential variables of a standard magnetic test: it is only necessary to specify if particles used are: “fluorescent or visible, colour, particle size,  wet or dry”, so generically which kind of particles it is being used. When operating in non-standard conditions instead, I have to specify as top of the list the name of the product and of the manufacturer.

The reason for this is that the quality of the fluorescent magnetic particles is considered of primary importance. And quality, by all Standards, can be considered as a function of mainly two characteristics: the particle size distribution and their luminance.
Other qualitative tests as temperature resistance, fluorescence stability, anti-corrosive characteristics etc. are of course not less important, but come after an evaluation of the magnetic particles’ sensitivity, meaning their capacity to show defects with indications of the highest luminance and definition.
The best definition of the indication can be obtained by using magnetic particles of an appropriate size with respect of the type and size of the defects to be detected, as well as considering the superficial roughness of the surface under inspection.
It would be misleading to think that the lower the particle size, the better the definition: as a matter of fact, a larger distribution of particle sizes within the same magnetic powder might better highlight both very thin and medium cracks, as the ones for example that can be found on the reference block type 1 of ISO 9934-2, also approved by ASTM E 1444. This reference block has been used for the comparative tests documented as photographic evidences in this paper.
For the qualification tests of fluorescent particles in two non-standard conditions:

A) UV Light + White Light
B) Alternative Wavelength Light

The shims described in ASME V art. 7 T-764. 1.2.2 have been used, and all tests have been photographically documented.

The same shims have been used to verify the conformity of magnetic particles to be used as “dual colours”, meaning with both UV light or white light.

Another reference sample described in ASTM E 709, the Magnetic Stripe Card (ISO 7810), has been used to evaluate the performance of the fluorescent magnetic particles that we have decided to compare; all tests have been photographically documented.

Of great importance is the evaluation of the Luminescence, a parameter directly linked to the visibility of the defect and hence to the first worry of every operator: to lose a defect because non very well visible. The best visibility is given by the best Luminescence.
ISO 9934-2 describe the method of measurement of Luminescence in par. 7.5.1 with the objective to quantify the fluorescent coefficient cd/W, through an equipment and a procedure that we have used at the beginning to evaluate the fluorescence of the magnetic particles under test.
Unfortunately this method involves some practical process issues, that in our opinion cause the results to be questionable in terms of reproducibility and comparability.

For example, it is not specified how to prepare the surface of the fluorescent powder under exam. To get an even surface, the same fluorescent powder has been first put under vibration, and secondly pressed down.
The two surfaces looked quite similar to the naked eye: but the pressed one that seemed a little more plain gave us readings even 100% higher than the same sample obtained by vibration.

Furthermore, in the ISO 9934-2 Standard there is no mention of filters on the luminance sensor to correct the reading for the human eye, as for example is the case in ASTME1135.
ASTM E1135 covers in fact a similar topic: the comparison of liquid penetrant fluorescence. This standard describes the use of “ad hoc” instruments that eliminate all of the uncertainties above described, by describing precise measurement positions, UV irradiation, primary and secondary filters on the measurement sensor, a sample holder containing filter paper wet with penetrant: all this brings to the best repeatability, with results always varying of less than 5%.

NDT ITALIANA has developed many years ago an instrument, the S-291 PHOTOFLUOROMETER, that has been approved and listed in ASTM E 1135.

So we have tried to use it to compare fluorescent magnetic particles, by using the same sample holder and a sample of magnetic powder which has proved to be simple to prepare, reproducible and conservable.
We think it is useful, in particular for all owners of Photofluorometer NDT S-291, to describe the preparation procedure for the samples of fluorescent magnetic particles under examinations:
Cut a Mylar tape in two rectangles of 50 x 40 mm. Mylar tape is suggested as it is a non-fluorescent tape; it can be found in many technical or nautical stores.

Draw on a white paper an 18 mm circle, using the circular window of the sample holder, corresponding of the reading area.
Place one of the two Mylar tape rectangles at the centre of the drawn circle, sticking face up. Apply a uniform, even layer of magnetic powder over the tape, to cover an area slightly larger than the reading circle. Place the second rectangle of the same size over the first one, in order to seal the magnetic powder inside. Cut the edges in case the sample does not fit perfectly inside the S-291 sample holder, and identify all sample with the name of the powder inside.

The samples of fluorescent magnetic powders in the table below have been prepared with the technique described. The powders and manufacturers chosen have been considered significant of all the world industry; codes have been used to hide the real commercial product names.
Table 1            
	Code
	White Light color
	Declared Particle Size

	G 8
	Dark green
	Fine

	G 9
	Medium green
	medium

	G 6
	Red
	medium

	M 1
	Brown
	fine

	M 4
	Medium green
	medium

	L
	Light green
	medium

	A
	Brown
	fine

	K
	Light brown
	fine

	C 1
	Brown
	fine

	FW 1
	Medium green
	fine


(FW 1 is part of the Elite line, produced by NDT ITALIANA)

The colour under white light of powders has been listed in the table above, but it has shown not to be significant of the quality of powders.

The samples have been read with photofluorometer NDT S-291, setting the first one called “G8” at 100; the measured values have been inserted in Table 2.
Table 2                                        
	Code
	% Measured
	% Difference

	G 8
	100 (set at 100 as reference)
	0

	G 9
	180
	+80

	G 6
	60
	-40

	M 1
	70
	-30

	M 4
	140
	+40

	L
	300
	+200

	A
	40
	-60

	K
	90
	-10

	C 1
	50
	-50

	FW 1
	220
	+120


You can see there is a great change in values. This width of reading have also been  confirmed by our results in cd/W using the ISO 9934-2 method.

ASTM E1135 can help us in understanding when it explains us at point 5.2 ‘’Because the eye responds logarithmically rather than linearly to changes of brightness, differences in brightness must be fairly large to be significant. Differences of 25 % are obvious, 12 % noticeable, and 6 % detectable by the eye. Experts may sometimes detect 3 % differences, but these are not usually significant to the average observer.”
If only a 25% difference of brightness is obvious to the human eye, how will powders that give us readings much higher or lower than this percentage perform, in the every day use?

At this point we decided to evaluate all powders on a “real” sample with standard defects.

We have then used first the reference block type 1 ISO 9934-2, approved also by 
ASME E 1444.

All photographs of this paper have been taken with a Nikon camera model D700, lens Micro-Nikkor 105/2.8, always specifying the intensity and type of  light used. The photographs at 100x enlargement have been taken with our Micro-camera code 17.200 with dedicated lenses.
 All powders have been diluted in the same liquid carrier at the same percentage of 1%; higher of lower concentrations seem anyway to influence mainly the duration of recirculation baths rather than the performances of the powders.

The first set of photographs of reference block type 1 (identified “A”) have been taken with a UV light of 15 W/m2 and white light under 20 Lx: clear differences of indications can be seen on the real defects.
All the powders that had measured values between -30% and +80% from the “100 sample” give indications that are only little noticeable; while the 2 powders with the lowest luminance (under -30%) confirm on the real defects very low indications in terms of visibility and contrast, easy to see by naked eye.
For what concerns the 2 powders with the highest luminance values, it is confirmed that between +80% and +200% the visibility of defects is proportionally growing.
The powder coded “L”, that has the highest luminance, has also the disadvantage of a very fluorescent background, which results in an overall lower visibility of defects, due to the lack of contrast and the “dazzle effect” on the operator.

All powders under UV light  show a yellow-green fluorescence, with no significant visibility differences between those more yellish or greenish.

The set of photos identified as “B” have been taken by applying the same magnetic particles to another reference sample described in ASTM E 709,  the Magnetic Stripe Card 

(ISO 7810), with results similar to those of the “A” set of tests. This test has also allowed for a quantitative evaluation of sensitivity of magnetic powders, thanks to a graduated sensitivity line from 1 to 10 on the card.
The powder coded “G6”, red under white light, also shows a reddish fluorescence under UV light and is sold by the manufacturer as “dual use”, meaning usable also under white light. 

Considering that the International Standards do not specify which colour the “dual use” particles have to be, we have thought to compare the “G6” powder with our green (fluorescent) powder Elite FW1, also considering as standard  for tests under white light our black powder Elite BW2 with white background paint Elite WBL5.

To do so we have used the requested sample defects “shims” with white light 500 Lx (ISO 3059). All powders have been diluted according to the manufacturer’s instructions: G6 8 g/l, FW1 2 g/l, BW2 10 g/l. These concentrations obviously imply significant economic evaluations.
The results of this test, illustrated in the “C” set of photos, confirm the possibility to use both particles of red colour and of green colour like Elite FW1 under white light, as an alternative to the use of black particles and white background paint, of course always provided there is enough contrast with the colour of the surface under examination.

On the every day use it is easy to find red oxidised steel that gives very little contrast with red magnetic particles; it is difficult to understand why some producers have chosen this colour. Maybe it is just for similitude with the red liquid penetrants, but these requires of course the use of the white developer.

Next, we have evaluated fluorescent powders under UV and white light combined, still using the sample defects “shims”, with UV light 30 W/m2 (halfway between the min and max prescribed for use in standard conditions) and 2.000 Lx white light, values that could well be found in an average situation on the field.
These qualification test will have to be repeated only if the value of UV intensity (minimum) or white light (maximum) change.

The results of this test, illustrated under the “D” set of photos, confirms that the powders with the highest luminescence in tab.2, like Elite FW1, satisfy the requirements for Qualification. The powders with the lowest luminance are nearly invisible, while for what concerns the powders with medium luminance their intensity tends to vary considerably according to the intensity of respectively the UV and white light.
Lastly, we have evaluated all samples of fluorescent magnetic powders with an “alternative wavelength” to the standard UV 365nm: a light of 400 nm or longer as requested by the ASME, in particular a LED blue light at 450nm.

To get an homogeneous evaluation, we have modified our FOTOFLUOROMETER S-291 installing both a 365 and a 450 nm LED, usable in alternative and with the possibility of adjusting the intensity in order to get the same reading set at 100 as for the G8 sample used as standard.

All values read are in Table 3 below.

Table    3                                    

	Code
	UV Light 365nm
	Blu Light 450nm

	G 8
	100        (set at 100 as reference)
	100

	G 9
	180
	180

	G 6
	60
	100

	M 1
	70
	80

	M 4
	140
	180

	L
	300
	500

	A
	40
	50

	K
	90
	100

	C 1
	50
	60

	FW 1
	220
	400


It can be observed that most of the samples maintain under Blue light values similar or slightly higher than those under UV light apart from 3 samples: G6, L and Elite FW1 which give values of luminance much higher under blue LEDs light.
To practically compare these results on a test piece with real defects, we have again used ref. block type1 ISO 9934-2, also approved by ASTM E 1444. The results of this test (photo set “F”) confirms the better visibility of the sample Elite FW1 also under Blue light; in fact, this powder has been specifically manufactured to optimize its fluorescence under UV but also Blue light.
We have then undertaken the qualification tests as prescribed by ASME 2010 Sec.V Art. 7 Appendix IV : “Qualification of Alternate Wavelength Light sources for excitation of Fluorescent Particles” .
The results of this test, illustrated under the letter “G”, confirms that the fluorescent magnetic powder Elite FW1 can be used with analogous performance even under Blue light.

When using a Blue light the operator has to wear yellow filter glasses as prescribed and sold by the Blue light producers.
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