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Comparison of NIR powders to conventional fingerprint powders
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Highlights
e NIR powders were compared to conventional black and luminescent powders
e Black and GREENcharge™ powders are the most effective powders on the surfaces tested
e NIR powders do not offer significant advantage on conventional substrates
e Universal Powder outperformed foNATURAL 1® in NIR luminescent conditions

Abstract

Fingerprint powders remain one of the most common detection techniques used at the crime scene.
However, powder efficiency and contrast can be hindered when applied to highly patterned
backgrounds. This problem can be overcome using powders that are luminescent in the near-
infrared (NIR) region of the electromagnetic spectrum. Despite being commercially available, those
powders have been the focus of only a small number of studies, limited to a few substrates or
donors. Their performance and advantages over common techniques are still to be thoroughly
investigated.

This study aims at assessing the performances of two NIR powder (foNATURAL 1® and Universal
Powder an in-house developed powder) against two conventional powders, a black and a
luminescent powder (Sirchie Black, GREENcharge™) under various optical conditions (white light,
luminescence and NIR). The powders were compared on four substrates using fingermarks of four
different ages from five donors. A total 900 fingermarks were collected for each pairwise
comparison.

NIR imaging provided good background suppression and a high contrast, however it was shown that
conventional powders remained the most effective powdering methods on the substrates tested as
sufficient contrast could be achieved under white light or in luminescent mode in the visible region.
The results showed that Universal Powder performed similarly to conventional powders, but poor
performances were obtained on most substrates with fpNATURAL 1°. Based on the results obtained,
itis recommended to use NIR powders only on substrates or conditions where traditional powders
are known to perform poorly.

Introduction

Powdering is one of the oldest and most common methods of latent fingermark detection for non-
porous substrates [1]. Fingerprint powders originally relied on absorption to produce contrast
between the mark and the substrate [1]. While these powders are suitable for most substrates, if the
substrate is patterned or has a high contrast background (i.e. a barcode) the effectiveness of
traditional powders is diminished. Luminescent powders can reduce substrate interferences and have
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been shown to be effective in providing superior contrast when compared to traditional powders [1].
However, some difficult substrates such as polymer banknotes or soft drink cans still produce
background interferences, which can prevent a developed fingermark from being visualised. Recently,
there has been an increased interest in visualisation in the near-infrared region (NIR) for latent
fingermark development. Previous studies have shown that imaging in the NIR can reduce the
potential interferences from a substrate [2-4]. NIR imaging of developed fingermarks is broken down
into two main areas, upconverters and NIR luminescence. Upconverters rely on anti-stokes
illumination where the upconverter is excited with NIR radiation (usually a high powered laser) and
emission is visualised in the visible region [5-11]. Despite the sustained interest in upconverter
powders [6] there are significant limitations when it comes to producing the luminescence and
imaging the powders in an operational context. A high powered laser is usually required to produce
luminescence, those lasers are expensive and their use involve hazard if not wearing appropriate
goggles. Upconverter materials are not commercially available and required specialised synthesis
procedures. Moreover, the performances of upconverters are yet to be validly compared against
conventional techniques. As a result very few upconverter powders have made it past the pilot stage
and none are currently used in practice. NIR luminescence involves the excitation of a NIR luminescent
dye with either visible light or NIR radiation to produce enhancement, while observation is located in
the NIR region of the electromagnetic spectrum (700nm to 2500 nm) [2, 12-18]. NIR luminescence
methods can provide similar levels of background suppression, while still using standard forensic
imaging equipment. NIR imaging was first applied to traditional fingermark methods and found that
while the background interferences were supressed, the NIR luminescence of conventional methods
was weak [2, 3]. Based on this NIR luminescent laser dyes were then applied as cyanoacrylate stains
with varied success, while the NIR alternatives can provide superior background suppression, the
improvement when compared to conventional methods remains minimal [2, 4].

NIR luminescent methods have since focussed on fingerprint powders, where most of the research is
currently being conducted. A study performed by Chadwick et al, combined a NIR luminescent laser
dye (Styryl 11) with Rhodamine 6G and coated it onto an aluminium oxide nanopowder. The
combination of the two dyes allowed for a visualisation in both the NIR and visible regions and was
found to provide better development on older marks and marks on textured surfaces [12]. Since the
initial studies on NIR powders, two commercial products have become available, Foster+Freeman
currently sell foNATURAL 1® and fpNATURAL 2® which use Spirulina and Egyptian blue respectively as
the base for these NIR powders[15, 16]. Previous studies have shown these powders to provide
excellent contrast on difficult substrates such as polymer banknotes and aluminium cans, however
the studies have been quite limited in their scope and a full comparison to conventional methods has
not been performed [15, 16]. foNATURAL 2®, also allows for NIR-NIR imaging, where the powders are
illuminated with NIR light (730-800 nm) and observed with a 815 nm filter, this has been shown to be
effective in visualising fingermarks for this powder. However NIR imaging does have some drawbacks,
specialised lighting and imaging equipment is needed, alternatively existing DSLR equipment can be
used after removal of the IR filter which can make scene imaging difficult. At this point NIR imaging is
primarily performed in the laboratory.

While these new products have come onto the market, the studies into their effectiveness have been
quite limited to either a single surface, powder or limited donor pool. The aim of this study is to
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determine the effectiveness of two NIR powders; Universal Powder (a further development of the
powder published by Chadwick et al.) [12] and fpNATURAL 1® when compared to two conventional
powders; Black and GREENcharge™ on a range of common surface types. While foNATURAL 2® has
been shown to be a very effective NIR luminescent powder, this study will only focus on the NIR
powders that are excited using visible light and give NIR luminescence. Since the excitation of
fpNATURAL 2° requires a dedicated NIR light source, it was not included in this study.

Materials and Methods

General Overview:

In order to understand the effectiveness of each powder, three commercially available powders
Sirchie Black, GREENcharge™ and fpNATURAL 1® were compared to an in-house developed powder
Universal Powder. All powders were applied to natural fingermarks and compared to each other under
white light and their respective optimal luminescent conditions. Developed split marks were then
digitally stitched back together and scored by three independentassessors using a modified University
of Canberra scale [19].

Materials

Substrates

Four substrate types were selected for the study (Figure 1). All substrates were cleaned with ethanol
and allowed to air dry prior to fingermark deposition in order to remove any potential contaminating
fingermarks.

Table 1: Substrates used in this study

Substrate
Livingstone Premium Pathology Grade Glass

Microscope Slides

Aluminium Soft Drink Cans
Coles Snap Seal Polyethylene Bags

Johnson Storm Grey Ceramic Tiles

Powders

Four powders were used in this study. Black and GREENcharge™ (magnetic) were Sirchie products,
fpNATURAL 1® was purchased through Foster+Freeman. Universal Powder is a combination powder
of the STaR 11 powder published in [12] and GREENcharge™ magnetic fingerprint powder. The
powders are mixed in a 1:20 ratio of STaR 11 aluminium oxide powder and GREENcharge™ magnetic
powder. The combination of these powders, allows for visualisation in the NIR region, but also extends
across the majority of the visible spectra. This provides the examiner with a wider range of
visualisation options than other powders currently available. All purchased powders were used as per
the current manufacturer instructions and appropriate type of brush or magnetic applicator.
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Methods
Fingermark Deposition

Five donors (two female, three male aged 20-35) were asked to deposit three natural marks on each
of the substrates listed in Table 1 in a three series depletion. For the glass and ceramic substrates, two
slides or tiles were placed side by side and donors were instructed to deposit with their middle finger
on the seam between the two surfaces. For the plastic and aluminium substrates, three fingers were
placed on the substrate and were cut in half prior to development. Following deposition, the marks
were aged for five time periods (fresh, one, three, seven and fourteen days). This led to a total of 900
fingermarks collected for each pairwise comparison. Marks were kept in a controlled laboratory
environment for the period of ageing. After ageing, marks were split in half and each side was
powdered with a different powder.

Fingermark Imaging

All developed marks were first imaged under white light and for the luminescent powders they were
also imaged at their optimal visualisation conditions (Table 2Error! Reference source not found.). All
white light imaging was conducted using a Video Spectral Comparator (VSC) 6000 (Foster+Freeman
Pty Ltd) to provide a controlled and consistent image for all substrates. While luminescent powders
are not marketed for their contrast under white light, it was decided as part of this study to assess
how visible the developed marks were under white light to make an assessment on how easily these
powders could be used at a large crime scene. All luminescent imaging was conducted using a
Poliview® |V forensic imaging system (Rofin Australia Pty. Ltd., Australia), with a Polilight PL550XL.
Different combinations of excitation and emission filters were trialled and the optimal visualisation
conditions are listed in (Table 3) In order to conduct all the required comparisons images were digitally
stitched together using Adobe Photoshop 2020 to compare each developed mark. This led to a total
of 4500 images.

Table 2: Comparison guide for powders used in this study

Visualisation conditions

White . .
. White White . . -
. light . . Visible Visible
Comparison light light
Vs . . Vs Vs
Vv '}
White . . Visible NIR
. Visible NIR
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Table 3: Visualisation parameters used in this study for all powders

Visualisation conditions
White light | Visible Luminescence NIR region
Powder Y o
450nm excitation 450nm excitation
555nm bandpass filter | 715nm longpass filter
Black / n/a n/a
GREENcharge™ / / n/a
FPNATURAL 1°® v n/a v
Universal Powder / / /

Fingermark Analysis

Images were then compared and given a quality score by three independent assessors based on an
adapted version of the University of Canberra scale (Table 4) [19]. The independent assessors were
fingermark researchers, not fingerprint experts. Score were then collated and median values were
determined for each comparison using Microsoft Excel and graphs were generated. Results were then
presented as a percentage value of the total number of comparisons conducted.

Table 4: Adapted University of Canberra scale used in this study [19]

Score Qualitative Equivalent
2 Significant increase in enhancement with Technique A when
compared with Technique B
1 Slight increase in enhancement with Technique A when compared
with Technique B
0 No difference in enhancement with Technique A when compared
with Technique B
-1 Slight decrease in enhancement with Technique A when compared
with Technique B
-2 Significant decrease in enhancement with Technique A when
compared with Technique B
No Detection Neither technique developed any mark

Results and Discussion

General Overview

From this study, each comparison was first conducted under white light followed by the optimal
luminescent conditions. While the luminescent powders are designed to be imaged in luminescent
mode, if they are to be used at a crime scene, the hope is that they are visible under white light to
make it easier to recognise when a mark has been developed and where to best image the mark. In
most cases all powders were able to provide some visualisation of marks under white light, however
the luminescent powders tended to provide lower contrast and poor quality when viewed under white
light. This was evident when looking at the number of no detection score for the three luminescent
powders under white light, which ranged from 10-65%. This number decreased to 4-10% across all
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comparisons once the powders were viewed under luminescent conditions. Five donors were used in
this study, as previous studies have indicated donors have a significant impact on the effectiveness of
a fingermark development technique, however this tends to indicate more about the donor ability to
deposit fingermarks than it does about the technique efficiency [20]. Similarly, while different age of
marks and depletions were collected, all powder comparisons followed similar trends of increasing
number of no detection marks as the age of the mark and depletion number increased. Based on this
for clearer comparison between the powders, the results presented have all donors, depletions and
ages combined.

Black Powder Comparisons

When comparing black powder to the luminescent powders, the best results for black powder were
observed when both techniques were viewed under white light, however when compared under the
techniques optimal conditions the differences between the powders becomes less apparent. As seen
in Figure 1, when compared under white light the black powder provided much better development
when compared to all other powders. There are some instances where the luminescent powders
provided some advantages which likely came from samples with a high degree of background
powdering from the black powder. When black powder was compared to the luminescent powders at
their optimal luminescent conditions, there is a noticeable decrease in the number of 1 and 2 scores
and an increase in the 0 and - 1 scores. For example FpNATURAL 1°® (FP) when examined under white
light 10% of specimens had a score of 0, however when compared in the NIR, the number of 0 scores
increases to 48%. When Universal Powder (UP) was compared to black powder in the visible region,
black powder provided better enhancement for 44% of the marks, however when the same marks
were viewed in the NIR, this decreased to 12%. This demonstrates an advantage of Universal Powder
as it can improve the quality of the marks recovered depending on the visualisation condition. Of all
the luminescent powders tested, GREENcharge™ (GC) gave slightly better development overall with
41% of samples providing greater enhancement when compared to black powder. UP and FP gave
33% and 27% respectively greater enhancement when viewed in the NIR, while UP in the visible region
only gave 8% improvement. Based on these results, when compared at their optimal visualisation
conditions, the luminescent powders provide similar performance to black powders. This would imply
that there is limited advantages to using luminescent powders since black powder is shown to be very
effective. On the surface this result is not unexpected, only one of the substrates chosen (aluminium
soft drink cans) would be challenging to visualise using black powder due to its coloured and patterned
background. Individual substrate results are explored in later sections to understand these
differences.
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Figure 1: Comparison of black powder (B) to GREENcharge™ (GC), foNATURAL 1® (FP) and Universal Powder (UP) under all
visualisation conditions. Positive scores indicate that black powder performed better, negative scores indicate that t he
luminescent powders performed better.

Luminescent Powders

When the luminescent powders were compared to each other (Figure 2), the largest number of no
detections come from when they are viewed under white light. This result is not surprising since these
powders were optimised for luminescent visualisation. This does identify a potential issue that marks
may be missed or looked over if they are not easily visible under white light, particularly with the NIR
powders where the luminescence would only be visible with specialised cameras/imaging equipment.
Similar to the comparisons with black powder, once compared under the appropriate luminescent
conditions, the number of no detection scores decreased, and the number of 0 scores increased.
When compared under the luminescent conditions, UP and GC performed very similarly, with 44% of
developed marks showing no difference, 22% of samples indicated that GC had slight improvement
over UP, while 25% of samples indicated that UP has slight improvement over GC. Since both
techniques are visualised at the same wavelengths, the differences in performance may be substrate
dependant. When GC is compared to FP, ~50% of samples indicated that GC performed better than
FP, with only 8% samples showing that FP performed better than GC. This indicates that while FP can
reduce interferences from the substrate, on common surfaces the performance of that powder is
limited. When GC was compared to UP in the NIR, the performance of UP did decrease relative to
when it was imaged in the visible region. This could indicate that not as much contrast was produced
in the NIR, when compared to the same mark visualised in the visible region.



225

226
227
228

229

230
231
232
233
234
235
236
237
238
239

GREENcharge™
100 T - I

: .

GCvs FP GCvs UP GCvs UP GCvs FP GCvs UP

80

70
60
50
40
30
20

10

WHITE VIS NIR

B No Detection m-2 m-1 WO 1 m2

Figure 2: Comparison of GREENcharge™ (GC) with foNATURAL 1°® (FP) and Universal Powder (UP) under all visualisation
conditions. Positive scores indicate that GREENcharge™ performed better, negative scores indicate that the NIR powders
performed better

NIR Powders

When the two NIR powders were compared to each other (Figure 3), there is a clear indication that
Universal Powder performed better than FP under most visualisation conditions. While there was
some improvement with FP when shifted into the NIR, the performance of Universal Powder was still
stronger than FP. Overall when examined under the visible and NIR region Universal Powder gave
better development in 59% and 46% of the samples tested. This is a strong indication that Universal
Powder is the preferred NIR fingerprint powder from this study. When looking at the developed marks,
FP did not tend to adhere well to weak or aged marks which resulted in more background powdering
and poor contrast when compared to UP. There were several instances where FP did give strong
luminescence and clear ridge detail, however these cases were quite rare.
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Figure 3: Comparison of foNATURAL 1°® (FP) and Universal Powder (UP) under all visualisation conditions. Positive scores
indicate that foNATURAL 1°® performed better, negative scores indicate that the Universal Powder performed better

Surface Comparison

In order to determine if there was any influences from the substrates that may provide some
additional information into the performance of each powder, each surface was separated out from
each other and only the optimal visualisation condition comparisons were included for analysis (Table
5Error! Reference source not found.). This is to reflect the best case comparison for each powder
combination.

Table 5: Optimal visualisation conditions for comparison based on surface type

Powder Optimal visualisation conditions

Black White light

GREENcharge™ | Ex 450 nm, em 555 nm bandpass filter
®

prATURAL L Ex 450 nm, em 715 nm longpass filter

Universal Powder

Aluminium Cans

Aluminium cans were chosen as a substrate as these provide a strongly patterned/coloured
background which has previously been shown to be an effective surface to showcase the advantage
of visualising in the NIR. Interestingly this did not appear to be the case in this study (Figure 4, Figure
5). Both black powder and GC were shown to be quite effective on this surface with very little impact
on fingermark quality. This can be seen in the results for black powder vs GREENcharge™, which had
zero instances of no detection which indicates that a visible mark could be imaged for all specimens
tested. When the NIR powders were compared to black powder, there was found to be an advantage
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with each powder giving better development in ~34% of samples. When the luminescent powders
were compared on this surface, there was an increase in the number of no detections (4-12%) and
there was an observable difference between each powders performance. FP gave better development
in 10% and 7% of samples when compared to GC and UP respectively. This result is interesting since
an advantage of NIR imaging is that is allows for the suppression of the background. However in this
instance the powder had difficulties adhering to the mark on this surface which may have impacted
the ability of the powder to be visualised.

Aluminium
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Figure 4: Comparison of all powder black (B), GREENchargeTM (GC), foNATURAL 1® (FP) and Universal Powder (UP) on
aluminium cans. A positive score indicates that the left technique performed better, a negative score indicates that the right
technique performed better
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Figure 5: Representative comparison images for fingermarks developed on aluminium cans for: A: GreenCharge™ (GC) vs
Black Powder (B), B: foNATURAL 1°® (FP) vs Black powder (B), C: Universal powder (UP) vs Black powder, D Green Charge
(GC) vs foNATURAL 19, E: GreenCharge™ (GC) vs Universal Powder (UP), F: Universal Powder (UP) vs foNATURAL 1°®

Ceramic Tiles

Ceramic tiles were chosen as it represents a fairly common substrate that can be powdered at crime
scenes. All powders were able to develop fingermarks fairly well with very few marks being given a
‘no detection’ score (Figure 6). This indicates that all powders are appropriate for this surface type. In
terms of the preferred method, black, GC and UP performed very similarly with comparable amount
of positive and negative scores across the comparisons. When compared to black powder, FP gave
similar performance, however when compared to GC, there is a clear difference between the powders
on this surface, with GC giving better development in ~44% of specimens tested. Based on these
results, it would indicate that the NIR powders do not provide any significant advantage over current
methods, if a NIR powder was required, then Universal Powder would be the preferred NIR powder
method (Figure 7).
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Figure 6: Comparison of all powder black (B), GREENcharge™ (GC), foNATURAL 1° (FP) and Universal Powder (UP) on
ceramic cans. A positive score indicates that the left technique performed better, a negative score indicates that the right
technique performed better
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Figure 7: Representative comparison images for fingermarks developed on ceramic tiles for: A: GreenCharge™ (GC) vs Black
Powder (B), B: foNATURAL 1° (FP) vs Black powder (B), C: Universal powder (UP) vs Black powder, D Green Charge (GC) vs
foNATURAL 1%, E: GreenCharge™ (GC) vs Universal Powder (UP), F: Universal Powder (UP) vs foNATURAL 1°

Glass

Fingermarks on glass gave the highest number overall of no detection scores (Figure 8), which when
examined further, tended to be from the aged marks (7-14 days). As with ceramic, GC had very strong
performance when compared to all techniques. Black powder tended to provide very little advantage
over the luminescent powders, this may have to do with the amount of background powdering which
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was more apparent for black powder. Unlike other common surfaces, the luminescent and NIR
powders actually outperformed the traditional black powder (Figure 9). This indicates that even on
surfaces where background interferences are not present, there is an advantage to imaging under
luminescent conditions to enhance contrast. GC tended to be the best performing luminescent
powders, with 26% and 22% of specimens having a positive score when compared to FP and UP
respectively. When comparing the NIR powders to each other, UP did provide better enhancement
for 47% of developed marks. Further indicating that UP is the preferred NIR powder from this study.
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Figure 8: Comparison of all powder black (B), GREENcharge™ (GC), foNATURAL 1° (FP) and Universal Powder (UP) on glass.

A positive score indicates that the left technique performed better, a negative score indicates that the right technique
performed better
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Figure 9 Representative comparison images for fingermarks developed on glass for: A: GreenCharge™ (GC) vs Black Powder
(B), B: foNATURAL 1°® (FP) vs Black powder (B), C: Universal powder (UP) vs Black powder, D Green Charge (GC) vs
fPNATURAL 1%, E: GreenCharge™ (GC) vs Universal Powder (UP), F: Universal Powder (UP) vs foNATURAL 1°

Polyethylene Bags

Plastic, while not commonly powdered in case work, was tested in this study to determine the
effectiveness of these powders on a commonly encountered substrate (Figure 10). GC gave the best
performance out of all the powders tested giving better development across all the comparisons. FP
was the poorest performing powder with very few instances of providing better development when
compared to other methods. This is clearly illustrated in the comparison between GC and FP with only
9% of specimens indicating that FP performed better. This is further illustrated in the comparison
between the NIR powders, where FP only gave better development 7% of the specimens tested.
Similar to ceramic, there is little value in using a NIR powder for this type of surface, since the
conventional method, in this case GC provides superior development to the other methods tested in
this study (Figure 11).
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Figure 10: Comparison of all powder black (B), GREENcharge™ (GC), foNATURAL 1® (FP) and Universal Powder (UP) on
polyethylene bags. A positive score indicates that the left technique performed better, a negative score indicates that the
right technique performed better
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Figure 11: Representative comparison images for fingermarks developed on plastic for: A: GreenCharge™ (GC) vs Black
Powder (B), B: foNATURAL 1° (FP) vs Black powder (B), C: Universal powder (UP) vs Black powder, D Green Charge (GC) vs
fPNATURAL 1%, E: GreenCharge™ (GC) vs Universal Powder (UP), F: Universal Powder (UP) vs foNATURAL 1°®

General discussion
The recent development of NIR powders have focussed on specific surface types, such as polymer
banknotes [13, 15, 16], outside of these specific surfaces there has been limited research into their



347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

362
363
364
365
366
367
368
369

370
371
372
373
374
375
376
377
378
379
380

381
382
383
384
385
386
387
388
389

performance on more common surfaces. This study has highlighted a few advantages and limitations
of the NIR powders, that while they may not replace the conventional methods, they can provide a
suitable alternative in certain circumstances. An interesting note from this study was that despite the
aluminium cans having a highly patterned background, the background did not always interfere with
the visualisation in the visible region. This was seen in the results for GREENcharge™ on aluminium,
where it outperformed fpNATURAL 1® in over 30% of samples tested. This tended to be a common
trend with fpNATURAL 1®, that while the imaging in the NIR did give a strong background suppression
and high contrast, the issue was more with the ability of the powder to adhere to the fingermark. It
was noted by the users that it was very difficult to see if fpoNATURAL 1® was adhering to the mark
when they were powdering, which meant that they occasionally over powdered or gave higher
degrees of background development. This indicates a limitation with any powder that is not clearly
visible under white light, if the user cannot see the mark when they are developing it, it can make it
difficult to judge if more powder is needed. This was also an issue for GREENcharge™ and Universal
Powder, however the darker colour of those powders makes it easier to visualise under white light so
the users could more effectively judge when to stop powdering.

Based on previous studies [13, 16], fpNATURAL 2® appears to provide better contrast and
development when compared to fpNATURAL 1®. Unfortunately due to the costs associated with
purchasing the NIR sources in order to use fpNATURAL 2°® it was not able to be compared in this study.
While this may limit the conclusions that can be drawn on the effectiveness of available NIR powders,
finding powders that are compatible with current illumination methods are more likely to be
incorporated into the current workflow. A study comparing the different powders using conventional
light sources may provide suitable alternatives without compromising the quality of foNATURAL 2°®
enhancement.

Another aspect of this project was to examine the performance of Universal Powder and assess its
ability to develop marks. Based on the results presented here, it indicates potential for further
research. It performed similarly to the commercial powders on most surfaces and was found to be the
preferred NIR powder over fpNATURAL 1°®. The performance of this powder is largely impacted by the
incorporation of GREENcharge™ into the STaR 11 powder, which notonly makes it a magnetic powder,
but also broadens the visualisation conditions to include most of the visible spectrum and into the NIR
region. This provides the user with a choice in which visualisation condition to capture the fingermark
image. This was illustrated in Figures 1 to 3 where the performance of Universal Powder did change
depending on the visualisation conditions. Further work should be conducted on this powder to assess
its ability to develop mark on polymer banknotes and compare to both fopNATURAL 1® and fpNATURAL
2°® on this surface type.

Conclusions

This study aimed to compare the effectiveness of a range of powders and assess their ability to
develop marks on a range of common and challenging surfaces. In particular this study wanted to
examine the performance of two NIR powders, fpNATURAL 1® and Universal Powder, and determine
the advantages of these powders could be applied to other surface types. Overall it was shown that
both black and GREENcharge™ powders remain the most effective methods for powdering on the
surfaces tested in this study. Despite the aluminium cans having high levels of background patterning,
suitable contrast was still able to be obtained in the visible region or under white light. Universal
Powder did have similar performance to the conventional powders on the tested substrates, however
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did not provide a significant improvement, whereas fpNATURAL 1® gave poor performance on most

of the surfaces tested. Based on this study, NIR powders should only be applied to surfaces where it

is known that traditional methods will not work.
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