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Validation of DFM Film Thickness Measurements

Summary

Several studies have been conducted comparing DJH DFM™ measurement technology primarily against
DJH™ lab DFT measurements. The studies reported here were conducted jointly with Tata Steel (UK),
Euromax (Netherlands), and Yieh Phu (Taiwan). The results here are relevant to four DFM instruments
including DFM-Alpha, DFM-Ultra, DFM1, and Phaeton since all of these use the same measurement
principle, measurement approach, similar measurement hardware, and the same software algorithms.

These studies covered a broad range of paint types including metallic pigmented, polyamide bead textured,
pearlescent, fluoropolymer, architectural, and wrinkle finish paints across a broad range of gloss levels and
colours.

The DJH and DFM thickness instruments perform fundamentally different functions, yet the results are
directly comparable. DJH technology represents the industry standard for lab measurement for QC
purposes; it verifies and validates coil thickness measurements in a laboratory environment. Its strengths
include high accuracy and the ability to measure both the primer and topcoat with one sample. DFM
technology provides fast results from the start of a production run even before the first sample is cut from
the start of a coil, and ongoing thickness data throughout every coil. DFM multiple measurements delivers a
rolling average, maximum and minimum thickness data, and it quickly identifies any drift in thickness that
may occur for a variety of reasons. Primer thickness measurements by DFM require a short primed only
section at the start of a coil.

Phaeton™ is a lab instrument that uses DFM technology — it rapidly measures full width samples from edge
to edge with measurements spaced at 2 to 3mm intervals across the strip.

The studies here show excellent correlation between DFM and DJH measurements for smooth pigmented
finishes with a coefficient of correlation (excluding textured finishes) typically around 99%.

Wrinkle finish and textured finish paints show variation between the two measurement methods. The DJH

instrument gives readings on the low side compared to DFM; the latter are considered to be more accurate
because its thickness algorithms use data across a large number of peaks and troughs of the textured paint
finish. The DJH method only uses one peak or trough in the paint topography.

Small variations between DFM and DJH measurements occur; in some cases, differences of about one
micrometre are seen. The difference is due to a combination of factors; the main one being the natural
point to point variation in coating thickness. Studies have shown that coating thickness typically varies by
plus or minus 1.5 micrometres (or more) across even a short distance on a coated product. DJH relies on
fewer localised measurements meaning there is less characterisation across a sample; random selection of a
high or a low region does occur. Conversely, DFM takes many readings and is better able to characterise
average thickness across a larger sample area. Where differences occur the DJH reading is within one
standard deviation of the DFM measurement range. Mostly, the difference in readings between these two
methods is less than 0.5 micrometres. Other factors that influence DJH measurements include the difficulty
of correctly identifying the exact location of the upper and lower interface, e.g., the metallic coating/primer



interface around the crater, although this has been addressed in new DJH software upgrades. Lastly, on very
rare occasions it is possible that a small amount of primer at the metallic coating interface is torn off the
substrate within the DJH crater leading to DJH readings slightly on the low side. This phenomena is
explained in more detail later. The upgraded DJH software removes human judgment in locating the critical
interfaces within the crater. This software had not yet been launched at the time of these studies.

DJH Designs is able to help coil coaters characterise coating thickness variation of their products and provide
methods to reduce variation, thus producing a more uniform product. This invariably improves quality and
saves money.

The DFM method has also been validated via extensive on-line use of DFM-1 and DFM-Ultra, now in use
since early 2011. Results are included comparing DFM1 and lab measurements for 17 coils painted by
Colourcoil in Malaysia. To date 13 DFM instruments have been sold; eight are installed and the remaining
five will be installed in May, 2018. All clients are reporting perfect correlation with lab thickness
measurements, although in reality the lab results will be less reliable than the on line DFM measurements.
To date, DFM1 and DFM-Ultra have measured just over 1 million tonnes of product worldwide. Our sales
forecast predicts that DFM technology will be measuring around 1.6 million tonnes of coil coated products
annually by the end of 2018.

DFM Basics

DFM on-line instruments are fully automated, therefore easy to use requiring no operator skill. The
technology produces coil and production reports, and has a comprehensive database all of which are easily
exported. The only manual inputs are Target Thickness and Product Category (e.g. architectural). DFM has
an upper thickness limit of around 150micrometres, however this is also dependent on line speed. DFM
operates at all known coil line speeds. One limitation is that it needs pigments in the coating to obtain
accurate measurements. DFM looks set to become the new on-line industry standard for QC monitoring.

The DFM on-line instrument is initially set up, that is during installation, to measure at predetermined set
intervals. Inputs from the coating line tell DFM when painting commences and when it finishes therefore
DFM knows when to start and when to stop measuring. It also receives line speed information and knows
the strip length from the coater to the instrument location. At the start of each coil DFM will perform an
intense measure cycle of say 15 measurements in the second metre from the start of painting; the first
metre is not representative, so it’s avoided. After the initial intense readings most clients set DFM to make
measurements every 30 to 90 seconds. During a coil the DFM instrument shows the last three
measurement, it shows the averaged value for the most recent 3 to 4 readings, and it shows a rolling graph
of the last ten readings with upper and lower control bands.

The differentiating features within the DFM instrument range are:

DFM1: scans across the strip; edge to edge and measures strip width as well as thickness
DFM-Ultra: has a fixed measuring position; often clients install two units — one for each edge
DFM-Alpha: the first on-line instrument with an intelligent low cost closed loop control system

Studies of DFM verses DJH Thickness Measurement

1. Tata Steel (UK) 2012
2. Tata Steel (UK) 2014



3. Euromax (Netherlands)
4. Yieh Phu (Taiwan)

1. Tata Steel Study - 2012 Study, 5 Samples by Metallographic X-section, by DFM, and by DJH

Sample ID QA No Coil ID Comment
Green 12KR211 456723 Nominal DFT = 25um
Architectural
PES
Plastisol 12KR295 287603 Nominal DFT = 200um
White Liner 12KR051 T1002 Nominal DFT = 16um
Anthracite 12KR153 465023 Nominal DFT = 50um
Prisma Textured
Finish
Plastisol Backing 12KR162 NA Nominal DFT = 12um
Coat

Each sample was measured via metallography and by DJH in 3 regions:
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DFM measurements covered a somewhat wider surface region across the samples.

DJH Bore - one single hole in the zone (but result is the mean of eight measurements around the hole)
Micro X Section - 10 data points in 5 positions (over ~30 mm of sample from each zone)
DFM = zonal average (~ 35-45 data points over 120 mm of sample)

Results:

QA No Average Total Film Build [um] Across the Whole Sample




DJH Bore (ex Shotton)

X Section (Ex STC)

DFM

All Data - Mean (SD), [n=3]

All Data - Mean (SD), [n=25-30]

All Data - Mean (SD) [n= 105-136]

12KR211

24.7 (1.2) 27.0 (1.9) 24.5 (1.56)
12KR051 20.0 (0) 21.3 (4.4) 19.4 (1.41)
12KR153 37.7 (2.9) 41.8 (4.4) 37.25 (3.57)
12KR162 8 (0) 10.4 (1.6) 7.96 (1.29)
QA No Total Film Build [um] for Each Sample Zone
DJH Bore (ex Shotton) X Section (Ex STC) DJH Phaeton
E1Zone C Zone E2 Zone E1Zone C Zone E2 Zone E1Zone C Zone E2 Zone
12KR211 24 26 24 28.0 27.4 255 24.9 24.8 24.0
12KR051 20 20 20 22.2 20.3 21.5 19.8 19.3 19.0
12KR153 36 36 41 433 37.8 435 37.3 35.1 38.3
12KR162 8 8 8 10.6 10.2 10.5 8.1 7.8 7.7
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DFT - 12KR051 [White Liner]
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DFT - 12KR162 [6666 Backer]
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Conclusion:

DFM and DJH readings showed good agreement with average differences ranging from 0.1 to 0.8
micrometres.

The textured sample 12KR153 showed greater variability which is expected for a textured finish.

Note that the plastisol coated sample proved to be too thick for measurement by the DFM method. The
upper limit is in the order of 150 micrometres. This depends on line speed.

There was a significant difference seen by metallographic cross section. This technique is vulnerable to
precise sample preparation and polishing procedures which make the method less reliable.

2. Tata Steel Study - 2014 - 16 Samples by DFM and DJH Measurements

Samples included Prisma® coated steel, textured finishes and general coloured architectural coatings. Each
sample was measured in three regions via DFM and in one region via DJH.

The DJH results are for one drill hole with eight measurements around each hole; the DFM results are the
average of about 30 readings for each of the three regions.



The following two tables provides a summary and overview of the results.

Sample ID 588913 221702 107602 426502 284002 177203 600833 673782
Scan Id 1 2 3 4 5 6 7 8
Comment/Finish Textured Architectural  Architectural Architectural Architectural Textured Backing Architectural
Type Coating Finish Finish Finish Finish Coating Coat Finish
DFM minus DJH
Difference 2.6 0.1 -0.1 1.1 0.3 1.4 0.3 0.7
DJH Borer Results 28.0 24.2 214 18.5 20.2 27.9 8.5 4.4
DFM Average 30.6 24.3 21.3 19.6 20.5 29.2 8.8 5.1
DFM Std Dev 1.2 0.9 0.8 1.1 1.0 1.3 1.1 1.2
DFM Sample
Region 1 30.5 24.3 21.0 19.1 20.7 28.9 8.5 4.9
DFM Sample
Region 2 304 24.3 21.4 19.8 20.6 29.1 8.9 5.6
DFM Sample
Region 3 30.9 24.4 21.5 20.1 20.3 29.8 9.3 4.6
The two textured coatings show lower readings for DJH compared with DFM readings. A complete
explanation for this is given later.
Sample 4 also showed a difference of 1.1 micrometres however the lower DJH result was within one
standard deviation of the average DFM result. The difference may simply be due to measurement of a
thinner part of the coating for this DJH reading.
675863 / 814073 /
Sample ID 117782 565933 154023 734543  S5842 S5867 S$5993 S$7666
Scan Id 9 10 11 12 13 14 15 16
Poor Poor
Prisma Prisma Prisma Primer - Primer -
Comment/Finish Architectural  Architectural Textured Architectural Metal Metal Architectural  Architectural
Type Finish Finish Finish Finish Interface Interface Finish Finish
DFM minus DJH
Difference 0.2 -0.5 1.6 -0.9 -1.0 -1.3 -1.0 0.0
DJH Borer Results 37.4 44.7 38.3 18.3 27.4 24.0 28.8 22.2
DFM Average 37.7 44.2 39.9 17.5 26.4 22.7 27.8 22.2
DFM Std Dev 2.0 1.9 3.2 0.6 0.7 1.2 1.0 1.5
DFM Sample
Region 1 37.5 44.0 38.5 17.5 26.2 22.8 27.4 224
DFM Sample
Region 2 38.6 44.8 40.5 17.5 26.6 22.4 27.8 22.0
DFM Sample
Region 3 36.5 43.6 40.6 17.3 26.3 23.0 28.1 22.2

The second table of results here shows the expected lower reading from DJH for sample scan 10, which is a
textured coating. Sample 14 showed a ‘ratty’ interface between the primer and the metallic coating,
however even here the DJH result is within one standard deviation of the average of DFM measurements.




DFM verses DJH Measurements

DFM Readings
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The graph here plots DFM verses DJH measurements. As can be readily seen there is excellent correlation
between the two methods despite some low readings for textured finishes with DJH.

3. Euromax (Netherlands) Study of 8 Samples by DFM and by DJH Measurement
This study looked at 8 very diverse samples covering metallic, highly textured, and high gloss finishes.

The following table is an extract of results for the 8 samples. Excluding sample 2 which is highly textured, all
DJH results are within one standard deviation of the DFM results. An interesting and detailed commentary
for a selection of samples after the table below.



SILVER GREY
SMOOTH GREY SILVER  GREY HIGH FLAT ULTRA
GREY TEXTURED ZZ)ZI:I_[::ZD TEXTURE METALIC S\;-ISI)I?'SE GREY HI
SMOOTH GLOSS

Scan # 1 2 3 4 5 6 7 8

DFM 3.8 25.5 20.3 23.0 25.6 24.5 19.6 20.6

DFM Std Dev. 0.67 1.14 2.49 1.90 1.19 1.31 1.25 1.13

DJH 4.1 20.7 17.8 225 26.9 233 18.7 19.4

Delta 0.38 -4.79 -2.57 -0.51 1.29 -1.26 -0.97 -1.17
Individual

DFM 3.49 26.41 18.21 24.83 26.01 24.17 19.27 20.27

Measurements 3.21 26.4 19.87 21.6 24.97 2331 20.17 20.47

3.15 25.53 18.87 24.32 24.11 24.24 20.53 21.19

3.31 25.93 17.49 22.56 27.17 23.47 19.72 20.89

3.67 24.27 24.66 19.49 25.89 22.56 17.45 20.71

3.04 25.37 20.48 22.88 25 24.38 17.42 20.84

3.65 25.36 19.96 21.65 24.78 25.32 20.47 19.95

3.58 25.32 21.4 27.75 24.09 23.97 17.29 19.36

3.55 25 19.09 23.52 26.13 23.14 20.91 20.53

2.79 25.81 22.89 20.35 24.37 24.05 19.88 21.55

3.05 23.7 23.52 24.99 25.18 24.2 18.01 19.7

3.72 25.28 20.15 22.87 25.78 24.05 18.75 21.56

5.2 24.96 21.02 25.04 24.68 25.23 19.38 18.78

3.71 25.44 19.52 20.94 24.85 22.73 20.14 21.06

5.32 27.1 17.53 21.64 26.04 24.48 18.73 20.52

4.31 24.76 17.12 24.09 26.5 21.69 17.84 20.14

4.01 26.95 18.91 20.18 26.29 24.98 20.87 19.89

2.78 26.25 22.87 20.95 24.66 23.39 20.27 21.03

4.19 25.92 18.49 23.14 25.1 25.63 20.17 21.04

3.75 23.81 24.33 21.96 24.6 27.13 20.49 21.49

3.38 25.69 21.88 23.08 27.14 23.14 19.89 22.04

2.98 26.88 17.74 21.73 27.41 24.59 18.46 20.98

3.38 24 17.16 24.95 25.17 25.56 18 18.98

4.79 24.33 19.16 22.06 26.99 23.61 19.57 22.03

2.84 25.55 22.43 20.98 24.75 25.44 21.08 22

3.85 24.09 21.47 21.83 25.37 25.82 19.97 21.64

4.41 26.18 17.4 21.85 27.07 23.92 20.02 21.34

3.92 26.72 24.5 21.93 24.04 24.36 16.88 19.33

4.71 25.53 19.25 21.48 25.33 26.41 19.69 21

3.88 25.57 21.32 25.46 25.6 27.96 22.38 22.47

3.86 24.37 16.19 25.12 26.36 24.04 18 17.99

3.32 24.09 25.97 22.12 26.66 23.38 20.33 22.28

5.02 26.67 18.49 26.91 25.27 25.78 20.38 19.6

3.94 23.62 18.59 22.09 28.3 25.83 21.21 19.64

More detail is given below for the first three samples. These samples show additional information pertaining
to the DJH crater, and the DFM graphical data analysis used for thickness value extraction.



Sample 1

This is a primed only sample as seen by DJH. The immediate issue of clearly identifying the location of the

primer — substrate interface is evident. Close examination shows that the reference marks are just within

the metallic region for more than half of the eight positions. Another operator might have gotten a slightly
lower primer thickness.
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The above image is an extract from the DFM data with each of the evenly spaced large spikes representing a
thickness measurement. On the actual sample, these spots would be around 2.5mm apart. The lower lines
between the large spikes represent the surface of the primer between the measurement spots. The
difference in thickness between DJH and DFM was 0.3 micrometres for this sample.



Sample 2

Here we see the DJH crater for this highly textured paint. It's immediately clear that the eight reference
marks at the paint surface have not achieved an accurate position to define the upper surface (or the
average surface height) of the paint coating. All of the reference marks have paint above them and all are
on the low side. This explains why DJH readings of textured paints are difficult to achieve and why they are
nearly always on the low side.
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The image here shows the DFM extraction of thickness readings for the same sample. The small spikes
between the tall ones represent the surface roughness of the paint, valleys and troughs. All of this data is
used to obtain a good average values for the entire topography of paint surface. DFM is able to measure the
mean, maximum and minimum peak to trough height for textured coatings.



Sample 3

The image (above) of the DJH bore hole shows the same issue as the previous one. This is a highly textured

metallic pigmented finish.
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Here we see the surface data for the same sample as seen by the DFM image. The large spikes represent the
individual thickness readings but note that the surface roughness of this coating is very extreme (also seen in
the DJH image). Some of the spikes here between the large ones that represent actual thickness readings
would confuse the DFM algorithms that extract thickness values except for the fact that the DFM algorithms
determine the exact location for each measurement position and this means all extracted thickness values
are correct.
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Detailed data for these eight samples is available on request.



The graph here shows the excellent correlation for DFM and DJH for these eight samples.
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The graph here shows DJH readings on the vertical scale verses DFM readings on the horizontal scale

4. Yieh Phu Study of 28 Samples by DFM and DJH Measurement - 3 Zones for Each Sample

Single spot DJH measurements were made (with 8 readings at each measurement spot) in each of three
areas of the 28 samples. About 40 DFM measurements were made in each of the same three areas for each
sample.

The results are consistent with the other studies in that DFM correlates well with DJH, and DJH reads
somewhat low with wrinkle finishes.

Regarding correlation between the two methods, all DJH results are well within one standard deviation of
the DFM measurements.

An assessment was made of the difficulty of establishing the exact positions of the interfaces within the DJH
crater; results are tabulated below. It is worth mentioning that the latest DJH software has automated
identification of the primer/metallic coating interface and the upper surface of the coating around the
crater’s upper circumference. Unfortunately this DJH upgrade was not available at the time of these
evaluations. The new software is a big step up as it eliminates most if not all of the human judgement
involved in conducting the DJH measurements. It tightens up on finding the location of interfaces within the
crater.



The table below provides the DFM and DJH thickness measurements for three sample positions on thirteen
architectural finish (smooth) samples. The average absolute difference between the two methods was 0.6
micrometres. The maximum difference was 1.1 micrometres (on two samples). As stated previously,
coating thickness will normally vary by greater than plus or minus 1.5 micrometres across even a short
distance of a coated product. Differences seen here are consistent with excellent correlation between the
methods. The correlation is best seen by looking at the entire sample set, that is, the graph of DFM verses
DJH measurements across all samples —shown beneath the results tables.

Results for Smooth Samples:

SCAN | DFM - POSITION POSITION POSITION DJH - POSITION POSITION POSITION Sample
# Hm A B C um A B C Difference  Description
2 23.5 235 235 0.0 23.0 22.7 23.2 23.0 0.5 Smooth faun -2
Smooth
3 23.9 236 24.3 0.0 23.0 21.6 22.7 24.6 1.0 dark/brown
4 25.3 24.7 25.6 25.7 24.2 235 24.1 25.0 1.1 Smooth dark - 2
5 18.3 18.3 18.3 18.5 19.2 18.8 18.8 20.1 -0.9 Smooth white - 1
7 25.7 26.6 25.5 25.0 26.2 26.3 26.7 25.6 -0.5 Smooth-red-2
8 42.1 42.0 42.0 42.2 41.8 41.0 43.2 41.2 0.3  Smooth light - 2
9 42.1 423 42.1 41.8 42.2 43.6 424 40.6 -0.1 Smooth light - 2
10 25.0 25.3 25.0 24.7 23.9 24.4 22.7 24.7 1.1 Smooth dark - 2
18 25.2 24.4 253 25.8 25.6 25.2 25.8 25.8 -0.5 Smooth white - 1
19 30.7 30.4 30.8 30.9 31.3 31.3 30.6 32.0 -0.6  Smooth white - 2
20 25.7 254 253 26.3 26.1 25.4 26.7 27.6 -0.4 Smooth grey - 2
30 48.2 47.2 48.5 48.8 47.7 47.2 48.2 47.6 0.5 Black beaded - 2
28 21.1 21.3 21.5 20.5 20.4 20.7 20.7 19.9 0.6 Smooth white - 2

Graphing these shows excellent correlation between DFM and DJH across these diverse samples.

DFM vs DJH Measurements for Smooth Samples
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The following table shows results for the fifteen textured wrinkle finish samples. The average absolute
difference for these samples is 2.3 micrometres. DFM measurements are an average 1.7 micrometres higher
than DJH readings.

SCAN | DFM - POSITION POSITION POSITION DIJH - POSITION POSITION POSITION Sample
# Hm A B C um A B C Difference  Description
Black - PA beads-
29 19.4 18.9 19.4 19.9 17.4 18.2 16.7 17.5 19 1
6 23.6 23.1 24.2 23.6 25.1 25.0 25.8 24.5 -1.5 Rough PA beads
WRINKLE - light -
11 25.4 255 25.2 0.0 22.0 24.4 21.8 19.7 34 2
WRINKLE - light -
12 22.2 223 22.1 22.2 21.3 20.3 21.8 21.8 09 3
14 22.2 21.0 23.1 225 19.1 18.4 20.0 18.9 3.1  Wrinkle black - 2
25 23.9 23.0 243 245 25.7 27.9 27.8 213 -1.7  WRINKLE Black - 2
17 21.0 20.8 21.2 21.0 18.7 18.8 17.7 19.6 2.3 WRINKLE dark - 2
WRINKLE green -
13 22.8 22.4 233 22.8 19.7 20.2 19.4 19.4 32 2
27 22.9 22,5 23.0 23.2 22.7 21.3 21.9 24.8 0.2 Wrinkle finish
16 29.5 29.2 29.8 29.5 26.1 29.4 23.7 25.3 3.4  WRINKLE light - 2
22 22.0 21.8 22.5 21.8 21.7 21.8 21.7 21.7 0.3  WRINKLE grey - 2
21 23.7 239 23.8 235 20.6 21.5 20.9 19.5 3.1  Wrinkle red -2
26 20.1 19.7 20.2 204 17.9 17.4 19.1 17.1 2.2 Wrinkle silver - 2
WRINKLE white -
23 24.0 243 243 235 18.8 19.4 17.7 19.3 52 2
24 20.6 20.5 20.6 20.6 21.5 23.6 19.7 21.3 -1.0  Black PA Irregular

The DJH crater micro illustrates the difficulty of identify the location of the paint surface around the top
circumference of the DJH crater.




The graph below shows DFM results on the horizontal scale and DJH results on the vertical scale. The results
show correlation but have more spread. The DJH measurements here required considerable human
judgement. Itis not clear how the new automated DJH software would perform with these textured
finishes; but an improvement is likely.

DFM vs DJH Measurements for Textured Samples

60.0

60.0

The table here provides information in locating the DJH crater upper and lower interfaces.

New DJH software eliminates this issue.

SCAN
# Sample Description DJH Top Interface DJH Bottom interface
2 | Smooth faun -2 Low difficulty Medium difficulty
3 | Smooth dark/brownish - 3 Low difficulty Medium difficulty
4 | Smooth dark - 2 Low difficulty Low difficulty
5 | Smooth white - 1 Low difficulty Med - high difficulty
6 | Rough PA beads - rough Medium difficulty Low difficulty
7 | Smooth -red -2 Low difficulty Low difficulty
8 | Smooth light - 2 Low difficulty High difficulty
9 | Smooth light - 2 Low difficulty High difficulty
10 | Smooth dark - 2 Medium difficulty Med - high difficulty
11 | WRINKLE - light - 2 High difficulty High difficulty
12 | WRINKLE - light - 3 High difficulty High difficulty
13 | WRINKLE dark green - 2 High difficulty Medium difficulty
14 | Wrinkle black - 2 High difficulty High difficulty
16 | WRINKLE light - 2 High difficulty High difficulty
17 | WRINKLE dark - 2 High difficulty High difficulty
18 | Smooth white -1 Low difficulty Low difficulty
19 | Smooth white - 2 Low difficulty Medium difficulty
20 | Smooth grey-2 Low difficulty Medium difficulty
21 | Wrinkle red -2 High difficulty Medium difficulty
22 | WRINKLE light grey - 2 High difficulty low - med difficulty
23 | WRINKLE white - 2 High difficulty low - med difficulty
24 | Black PA Irregular High difficulty High difficulty
25 | WRINKLE Black - 2 High difficulty High difficulty
26 | Wrinkle silver - 2 High difficulty low - med difficulty
27 | Wrinkle finish Not analysed unknown
28 | Smooth white - 2 Low difficulty Low - med difficulty
29 | Black - beads? -1 High difficulty High difficulty
30 | Black - beads? -2 Medium difficulty Medium difficulty




Sample scan 16 from the table above was identified as having a difficult interface between the primer and
the metallic coating. This is illustrated in the micro image below. The lower primer interface here looks like
some primer may have been ripped off and away from the metallic substrate during drilling. This
phenomena is extremely rare and explained more below. The observation is made for the purpose of
explaining small differences between DFM and DJH measurements. The differences may also simply come
back to actual differences in thickness on different parts of the sample. It would require an experienced
operator to make this measurement; again the new DJH software will improve dramatically on the result.

The two schematic diagrams here illustrate the phenomena of primer removal at the substrate interface.
This is not a common phenomenon, but is seen from very occasionally.

Possible area for paint chipping is
seen on some samples leading to
a low reading for the DJH test




Sample scan 20 was identified in the above list as having medium difficulty in locating the interface between
the primer and the metallic coating. This is seen in the micro image on the left side. Sample scan 7 was
identified as having a very easily located primer/metallic coating interface and this is seen clearly in the
micro below on the right — the red coated sample. The line delineating the primer/metallic coating is clear
and sharp. The purpose of the comment is to explain the very small differences seen between DFM and DJH
measurements.

Production Line Feedback and Validation of DFM Measurements and Savings

We have also recently received a comparison of DFM1 results verses lab measurements for 17 coils and
these are shown in the table below. This data came recently from Colourcoil in Malaysia, one of our early
DFM1 customers. The comparison to make is between the Operator and Driver columns marked DFM and
MIROMETER. Mostly the results are a perfect match but in a few instances there is a small variation. In
comparing the data it is important to remember that the two measurements are not for the same spot, but
are for the same area or part of the coil. Another good point of comparison is in the bottom row showing
average thickness. DFM1 averages are within 0.1 micrometres of the lab average results — not bad
considering the lab results were done carefully using a micrometre technique. The table also shows
measurements made by Akzo using the DJH instrument. Therese show greater variability however a past
investigation has shown these to be less reliable.

Presently we have 8 DFM units installed globally and another four units will be installed in the USA in April
this year. One of our US clients has purchased 6 DFM instruments and has installed them on four paint lines.

To date DFM technology has measured around 1,000,000 million tonnes of prepainted coil and by year end
DFM technology will be measuring in excess of 1.6 million tonnes annually.



CASSEY GREEN DTF COMPARISON-CCI VS AKZO

CCI DFT AKZO DIH
= BACK COAT + PRIMER THEORITICAL USAGE DFM VICROMET] e P
OPERATOR | MIDDLE | DRIVER | TOP PRIMER ' [TOP fINISH. - |OPERATOR [DRIVER - *JOPERATOR [MIDDLE JORIVER? iATIMER
BE18 6138 A2 8 8 10 6.2 19.8 22.2 22.1 22 22 23 14.6 4.6
BE18 6138 A3 10 10 10 49 18.2 22.8 22.2 22 23 22 13.7 4.5
BE18 6139 A2 | 12 10 10 4.7 17.5 22.5 23.2 23 22 23 15.6 4.4
BE18 6139 A3 11 10 10 4.0 17.6 23 23.1 23 22 23 15.2 41
BE18 6140 A2 3 10 10 5.7 17.7 25.1 21.9 22 23 23 223 4.6
BE18 6140 A3 10 10 10 48 17.0 23 21.9 22 22 23 17.7 4.8
BE18 6141 A2 9 10 10 6.0 18.2 22.5 223 23 23 23 17.4 3.8
BE18 6141 A3 10 10 11 5.2 19.9 24.6 24.6 25 24 24 16.9 5.1
BE186142 A2 10 9 9 6.0 18.3 22.4 24.2 22 22 24 17.6 6.3
BE18 6142.A3 10 11 11 4.0 18.0 23.1 22.8 24 23 23 15.8 5.8
BE18 6143 A2 10 11 11 8.1 18.5 23.7 24.1 23 22 23 NOSAMPLE | NOSAMPLE
BE186143 A3 11 12 11 4.2 17.1 231 23.8 26 25 24 NOSAMPLE | NO SAMPLE
BE18 6144 A2 10 10 10 5.9 17.6 23.4 22.6 24 23 24 19.1 5.6
BE186144 A3 8 9 8 5.7 17.6 238 23.3 23 23 23 20.8 46
BE186145A2 10 10 11 5.9 18.9 23.4 25 25 23 25 19.7 44
BE186145A3 8 8 8 5.0 17.4 23 23.2 24 23 22 17.1 5
BE186157 A2 12 10 10 6.0 18.0 23.1 23.5 23 24 23 18.3 4.8
AVERAGE 10 10 10 5.1 18.1. 23.2 23.1 23.3 22.8 23.2 17,5 4.8
*Number highlighted in yellow below spec
D CCISPEC. R AKZOSPEC!
PRIMER [ TOP PRIMER | ToP
564 574 | 17-19u
5 ] BACKCOAT/PRIMER.
PRIMER [ BACKER PRIMER | BOTTOM
5-611 574 571 | 4-6
CCITHEORITICAL USAGE/DFM/MICROMETER= Average Finish & Primer achieved DFT target
Prepared by: Johnny K
230118
DFM™ — CLIENT FEEDBACK FROM THE DAY AFTER
all results in mils
Date Customer Discription DFM (Center) HH @ DFM Lab Awg Cir
9/06/2011 A white primer 0.52 0.5 0.52
9/07/2011 B amber translucent 0.4 0.4 0.41
9/07/2011 B white primer 0.39 0.39 0.39
91072011 Cc Red 0.74 0.75 0.73
9/10/2011 D White 0.81 0.81 0.81

RESULTS INDEPENDENTLY MEASURED BY US BASED CLIENT




Feedback from all coil paint line clients is positive. Clients in Malaysia, New Zealand, the USA, and Europe
have all said that measurements match what they are seeing from lab results and they have complete
confidence, and rely on the DFM instruments.

At the time of writing, the closed loop control system, the key feature of DFM-Alpha is yet to be fully
evaluated.

Conclusion

The studies validate the strong correlation between DFM and DJH thickness measurement readings. By the
studies, the DFM measurements are seen to be accurate and validated by laboratory DJH thickness
measurements.

Each instrument type has its unique purpose. DJH remains the industry standard lab QC validation
instrument, while DFM provides analytic, real time QC monitoring during production.

DFM technology provides a superior approach for measurement of textured coatings.

The main benefit of DFM on-line instruments is the speed of obtaining thickness feedback and the ability to
see what is happening with thickness throughout the painting process. Any drift in thickness is quickly
identified and corrected. This leads to major savings, improved quality, and the elimination of classes of
defect related to or caused by poor thickness control. A typical payback period of 6 months or less is
realistic for nearly all coil paint lines.
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