APPENDIX 4-E LABORATORY TEST PROCEDURES AND PERFORMANCE DATA

Table 4-E.11 Image Analysis Results for Performance Demonstration Sites and Laboratory Runs (continued)

Dot Standard Dot Standard
Ink Product Location of Area Deviation Perimeter Deviation
System Film Line Site Sample?® Color (micron?) Area (microns) Perimeter
Water- PE/EVA #W3 2 w magenta 551.35 68.40 92.30 7.60
based cyan 1022.00 3255 127.35 7.95
X magenta 846.70 88.55 113.65 9.00
cyan 909.40 103.35 115.25 7.10
y magenta 554.05 37.25 96.40 6.45
cyan 950.95 72.60 116.90 5.30
z magenta 871.20 93.55 126.10 11.05
cyan 761.85 99.60 115.00 10.70
3 w magenta 690.00 58.80 100.90 6.20
cyan 891.65 67.25 117.25 6.85
X magenta 824 .20 58.10 107.95 460
cyan 984.35 51.40 126.15 8.75
y magenta 613.45 47.20 94.05 4.05
cyan 776.05 54.65 109.10 3.90
z magenta 47140 37.65 84.80 6.55
cyan 709.30 36.75 104.25 5.056
OPP #W1 4 w magenta 830.25 47.45 121.05 8.10
cyan 829.35 54.70 114 .45 6.50
X magenta 829.65 61.60 117.20 5.90
cyan 700.10 4460 107.90 5.45
y magenta 850.90 4550 113.65 5.20
cyan 758.65 34.35 110.60 5.35
z magenta 840.70 49.90 114.20 5.35
cyan 836.75 4415 115.15 5.55
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Table 4-E.11 Image Analysis Results for Performance Demonstration Sites and Laboratory Runs (continued)

Dot Standard Dot Standard
Ink Product Location of Area Deviation Perimeter Deviation
System Film Line Site Sample?® Color (micron?) Area (microns) Perimeter
#W2 1 w magenta 450.70 69.85 110.75 18.50
cyan 397.94 28.70 81.55 4.25
X magenta 361.65 79.80 111.45 13.50
cyan 354 .55 29.90 85.35 4.85
y magenta 347.10 56.10 84.15 16.25
cyan 292,60 31.45 78.30 7.85
z magenta 326.90 39.35 84.15 16.25
cyan 309.75 3540 81.23 12.05
Water- OPP #W4 9A w magenta 701.65 42.90 101.40 3.90
based cyan 535.65 106.45 90.55 12.25
X magenta 716.85 47.35 111.45 445
cyan 861.10 100.10 82.70 14.00
z magenta 728.26 41.40 112.90 8.80
cyan 849.65 110.55 114.15 8.35

a8Samples were taken atfour locations from the printed sample:
w = beginning ofthe run
x= 30 minutes into the run
y= 60 minutes into the run
z=end ofthe run
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Jar Odor
Purpose
The purpose of this test is to evaluate the type and strength of the odor produced by the
ink film on the substrate. The jar odor test is based on methods developed by Western
Michigan University.
Equipment
Glass jars (eight ounces) with screw caps having foil liners.

Oven

Procedure
1. Clean the jars and dry them in an oven.

2. Collect samples from the interior of the rolls.

3. Place the printed sample in a jar and seal the jar with the screw cap.

4. Place the jar in the oven at 100°F for two hours.

5. Repeat the procedure for a sample of unprinted substrate as the test control.
6. Open the jar and sniff inmediately. Record qualitative assessment of odor.
Results

The jar odor test was measured in the laboratory with samples collected from each site.
Samples for testing were cut from two locations as indicated by the following symbols:

unprinted area (control)
printed area

w4
1

Results are presented in Chapter 4.
Mottle/Lay

Purpose

The purpose of this test was to evaluate the mottle of the printed substrate. Mottle is the
non-uniformity in appearance, or variation in density, of an ink film layer. The mottle/lay
test is based on methods developed by Western Michigan University.

Equipment

The Tobias Associates Model MTI Mottle Tester is used to measure mottle. The MTI
Model is made up of four main component: a probe or measurement head, a rotating
drum that carries the sample, a microprocessor that performs all control and analysis
functions, and a video display monitor.
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Procedure

1. Calibrate the Mottle Tester before use. Calibrate by placing the calibration standard

on the scanning drum with the “center line” marks aligned with the “scan start” mark.
Follow the instructions through the main menu of computer. There are two standards for
calibration: a white area for setting the ZERO (high reflectivity) and a black area for
setting CAL (gain adjustment).

2. For testing, use samples of all substrates (LDPE, PE/EVA, OPP) with two samples
from each of the front, middle, and end of the runs. Perform testing on all five colors.
Use approximate sample widths of 38 mm (2 inches) with a scannable length of 100 mm
(4 inches). This will produce 500 data points, 0.2 mm per point. The scannable length is
the length of the sample that is free from any marks or obstructions. Samples must be
cut from solid (100% coverage) area.

3. Samples should be mounted to the drum with masking tape, making sure that the tape
is out of the scanning area.

4. Set the scan parameters and then select operating functions from the main menu.
Follow the instructions manual for an explanation of menu options.

Results

This test was accomplished by using a Mottle Tester (a device specifically designed for
this test) to measure the difference in reflective density of a printed sample. For this test,
a twelve inch square sample was attached to the Mottle Tester and scanned. Multiple
density measurement points (250 - 500) were collected during twenty linear scans over
the sample area. The result is a Mottle Index which is derived from these measurement
points.

Mottle was measured in the laboratory with samples collected from each site. Samples
were cut from three locations during the run as indicated by the following symbols:

w = beginning of run
x = 30 minutes into run
z = endofrun

The test image had areas printed with green and blue which were used to test for mottle.
Table 4-E.12 shows the Mottle Index and standard deviation for these two ink colors
from each site. When a site number begins with an “L,” the data were taken from a
laboratory run conducted at Western Michigan University, not from a volunteer printing
facility.
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Table 4-E.12 Mottle Index for Performance Demonstration Sites and
Laboratory Runs

Location

Ink Product of Mottle Standard
System Film Line Site Sample? Color Index Deviation

Solvent- LDPE #S2 5 w green 59.0 35

based blue 302.5 46.5

X green 93.5 17.0

blue 286.5 36.0

z green 64.5 7.0

blue 875.0 535.5

7 w green 455 4.0

blue 216.5 18.5

X green 46.0 6.5

blue 311.0 26.0

z green 34.5 3.5

blue 2585 285

Solvent- LDPE #S2 L5P w green 2195 9.0

based X green 193.0 15.0

z green 262.0 62.0

PE/EVA #S2 5 w green 71.5 55

blue 288.5 255

X green 87.5 28.0

blue 276.5 49.0

z green 74.0 9.5

blue 306.0 30.5

7 w green 89.5 4.0

blue 410.0 63.0

z green 45.5 35

blue 349.0 27.0

L7 w green 362.5 26.0

X green 357.5 31.9

z green 3494 21.7
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Table 4-E.12 Mottle Index for Performance Demonstration Sites and
Laboratory Runs (continued)

Location

Ink Product of Mottle Standard
System Film Line Site Sample?® Color Index Deviation

OPP #S1 9B w green 43.0 4.0

blue 257.0 20.5

X green 44 5 6.0

blue 353.0 355

z green 43.5 5.0

blue 408.5 37.5

#S2 10 w green 79.5 45

blue 380.5 27.0

X green 111.5 7.5

blue 420.5 33.0

z green 97.5 7.5

blue 401.5 32.0

L4 w green 107.5 10.0

X green 137.5 13.0

z green 116.5 11.0

uv LDPE #U2 6 w green 87.5 7.0

blue 320.5 240

X green 73.0 55

blue 281.0 28.0

z green 58.5 35

blue 251.5 30.5

PE/EVA #U2 6 w green 62.5 11.0

blue 3125 57.0

X green 56.5 3.0

blue 474.0 93.5

z green 57.0 4.0

blue 424.5 101.5

uv PE/EVA #U3 8 w green 48.0 35

blue 379.0 29.0

X green 50.5 6.0

blue 508.0 57.5

z green 53.0 6.0

blue 599.5 74.0

uv LDPE #U1 11 w green 68.5 55

(no slip) blue 629.0 106.0

X green 47.0 5.0

blue 3825 43.0

z green 51.0 5.0

blue 446.0 50.0

4-E, page 56



APPENDIX 4-E LABORATORY TEST PROCEDURES AND PERFORMANCE DATA

Table 4-E.12 Mottle Index for Performance Demonstration Sites and
Laboratory Runs (continued)

Location

Ink Product of Mottle Standard
System Film Line Site Sample?® Color Index Deviation

Water- LDPE #W3 2 w green 122.0 75

based blue 1144.0 84.5

X green 114.5 6.5

blue 999.0 50.5

z green 155.0 11.0

blue 763.0 42.5

3 w green 82.0 9.5

blue 491.5 34.0

X green 87.5 55

blue 588.5 50.5

z green 79.0 75

blue 605.5 49.0

L1 w green 389.0 27.0

X green 399.0 26.0

z green 379.0 28.0

PE/EVA #W3 2 w green 90.0 5.0

blue 1324.0 89.5

X green 75.0 6.5

blue 658.5 74 .5

z green 107.5 9.0

blue 1116.5 99.0

3 w green 87.0 55

blue 793.5 455

X green 95.0 6.0

blue 966.0 57.7

z green 95.5 55

blue 838.5 71.5
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Table 4-E.12 Mottle Index for Performance Demonstration Sites and
Laboratory Runs (continued)

Location

Ink Product of Mottle Standard
System Film Line Site Sample?® Color Index Deviation

Water- PE/EVA #W3 L6 w green 227.0 14.0

based X green 203.0 12.0

z green 88.0 8.0

OPP #W1 4 w green 206.0 27.0

blue 1063.0 98.0

X green 193.0 50.0

blue 1004 .5 156.5

z green 116.0 8.5

blue 967.5 134.5

#W2 1 w green 44 .5 35

blue 2195 48.0

X green 54.5 3.0

blue 402.5 61.5

z green 50.5 4.0

blue 343.0 40.5

L3 w green 169.0 9.5

X green 131.0 19.5

z green 262.0 62.0

#W4 9A w green 38.0 3.0

blue 174.5 17.0

X green 40.5 7.5

blue 187.5 19.5

z green 36.5 35

blue 2125 15.5

L2 w green 99.0 15.5

X green 128.5 10.5

z green 2515 22.0

#Samples were taken atthree locations from the printed sample:

w = beginning ofthe run
x= 30 minutes into the run
z=end ofthe run

" indicates data from a laboratoryrun.
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Opacity

Purpose

The purpose of this test is to measure the opacity of an ink film. Opacity is the degree to
which light can pass through an object. It is expressed as the percentage of light
transmitted through both the ink film and substrate. The opacity test is based on methods
developed by Western Michigan University.

Equipment
Datacolor Spectraflash 600
Diano-BLN opacity meter

Procedure
1. Adjust the standard and batch reflectance by magnesium oxide factors, and then
calculate the A/2 degrees Y Tristimulus values.

2. Samples should be measured using the Small Area View (SAV) port size and
calibrated to this size before use. Calibration procedures are noted in the CIE L* a* b*
test method.

3. Take five samples from four locations of the run for both LDPE and OPP substrates.
4. Take readings for white color samples only.

5. Select the mode for Opacity from the indexes menu and choose Tappi 425 Opacity.
Follow the instructions on the screen to proceed with testing. Back each sample with a
standard and read 5 times in random places.

Results
Opacity was measured in the laboratory with samples collected from each site. Samples
were cut from four locations during the run length as indicated by the following symbols:

= beginning of run

= 30 minutes into run
= 60 minutes into run
= end of run

N < » g
[

Only white printed samples were tested. Table 4-E.13 shows the opacity measurements
and standard deviations for these samples. When a site number begins with an “L,” the
data were taken from a laboratory run conducted at Western Michigan University, not
from a volunteer printing facility.
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Table 4-E13 Opacity Results for Performance Demonstration Sites
and Laboratory Runs

Ink Product Location of  Average Opacity Standard
System Film Line Site Sample? (%) Deviation
Solvent- LDPE #S2 5 w 46.66 0.27
based X 48.50 0.40
y 4762 0.33
z 48.28 0.53
7 w 51.76 0.41
X 51.22 0.21
y 51.40 043
z 48.72 0.19
L5° w 55.52 4.20
X 50.40 2.02
z 56.34 457
OPP #S1 9B w 50.74 0.37
X 51.44 1.93
z 53.90 0.49
Solvent- OPP #S2 10 w 49.24 0.34
based X 47.34 0.26
y 47.94 0.16
z 48.24 0.14
L4 w 40.60 0.76
X 38.38 1.05
z 38.62 0.41
uv LDPE #U2 6 w 52.68 0.85
X 52.92 0.36
y 55.36 0.46
z 57.60 1.13
uv LDPE #U1 11 w 55.42 1.00
(no slip) X 56.90 0.54
y 56.52 0.50
z 56.74 048
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Table 4-E13 Opacity Results for Performance Demonstration Sites
and Laboratory Runs (continued)

Ink Product Locationof  Average Opacity Standard
System Film Line Site Sample? (%) Deviation

Water- LDPE #W3 2 w 47.34 0.08

based X 46.62 0.55

y 46.34 1.15

z 46.62 0.50

3 w 57.14 0.24

X 54.84 0.38

y 55.00 0.35

z 52.92 0.38

L1 w 43.12 0.95

X 43.06 0.30

z 43.66 0.74

OPP #W1 4 w 51.52 0.34

X 52.86 0.31

y 53.46 1.71

z 52.82 0.33

L2 w 29.10 0.91

X 28.68 0.80

z 27.86 0.81

#W2 1 w 57.52 0.34

X 58.20 0.06

y 56.92 0.29

z 57.22 0.37

L3 w 36.74 0.42

X 37.70 1.64

z 37.84 0.54

#W4 9A w 54.74 0.34

X 54.22 0.30

z 53.98 0.17

aSamples were taken atfour locations from the printed sample:
w =beginning ofthe run
x= 30 minutes into the run
y= 60 minutes into the run
z=end ofthe run

® " indicates data from a laboratoryrun.
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Rub Resistance

Purpose

The purpose of the dry and wet rub resistance tests is to check the ink’s ability to resist
being rubbed off of its substrate. The dry and wet rub resistance tests were based on
methods developed by Quality Assurance at Sun Chemical Corporation.

Equipment

Sutherland Ink Rub Tester and attachments.

Scoring device (included with the Rub Tester).

Supply of 80 x 80 count bleached muslin cloth which has been found useful in testing wet
smear, wet rub, and wet bleed.

Procedure

1. Obtain a 6 inch x 3 inch printed sample which is representative of the rub in ink lay
and coverage. When the printed area permits, the 6-inch direction should be cut across
the grain of the sheet, but must not cross wrinkles, scores, creases, or other imperfections
that would distort the results. Unprinted stock from the same run should be provided in
7% inch x 2 inch sizes (for dry rub) and 5% inch x 2 inch sizes (for wet rub). In both
cases, cut the longer dimension across the grain of the flexible material.

2. For dry rub resistance: Clip a 7% inch x 2 inch test strip (with a solid printed image
1 inch x 1% inch centered on the sample) to the 4-pound testing block, with the printing
surface away from the rubber pads. Mount the test specimen securely, print side up, on
the rubber pad of the base plate. Place the weight over the sample, making sure that one
of the 1 inch x 2 inch rubber pads of the test block is over the ink area being tested, and
that both surfaces are free of dirt. Preset the tester for 100 strokes, or less if a failure
occurs, for a particular printed surface. When the rubs have been completed, examine
both the inked surface and the plain surface on the test block for signs of transfer.

3. For wet rub resistance: Mount the strips in the same manner as for the dry rub
test, using the 2-pound test block. Preset the tester for one rub. Place 2 to 6 drops of
distilled water on the printed surface so that they will be covered by the test block. Place
the block in position and press the “start” button. After one stroke, examine both
surfaces for color transfer. Repeat single strokes until ink failure is noted and record the
number of strokes.

4. Record the appearance of the inked surface and/or (as appropriate) the blotter
surface. Record the percent of ink transferred, the weight of the test block, and the

number of strokes that cause total failure.

Table 4-E.14 summarizes the different conditions for these tests.
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Table 4-E14 Summary of Test Conditions for Dry and Wet Rub Resistance

Test Size of Suggested Contact

Block Strip Number Strip Time
Test (pounds) (inches) of Strokes Material Before Rub
DryRub 4 2xT7Y 100 test sheet 0.00
Wet Rub 2 2 x 5% 1 (until failure) test sheet 0.00

Results

Dry and wet rub resistance was measured in the laboratory with samples collected from
each site. Sites 1, 4, 9, and 10 were not tested in the laboratory because the OPP
substrate printed at these sites was laminated to another substrate. Samples were cut
from four locations during the run length as indicated by the following symbols:

= beginning of run

= 30 minutes into run
= 60 minutes into run
= end of run

N < x g
[

Table 4-E.15 present the results for the dry rub resistance test for the performance
demonstration sites and laboratory runs, and Table 4-E.16 presents the results for the wet
rub resistance test. When a site number begins with an “L,” the data were taken from a
laboratory run conducted at Western Michigan University, not from a volunteer printing

facility.
Table 4-E15 Dry Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs
Density  Percent
Location  Original After 50  Retained
Ink Product of Density Strokes Density
System Film Line Site Sample® (unitless) (unitless) (%)
Solvent-  LDPE #S2 5 w 2.06 1.95 94.7
based X 2.06 1.96 95.1
y 2.05 1.95 95.1
z 212 1.96 925
7 w 1.81 1.75 96.6
X 1.77 1.65 93.2
y 1.77 1.75 98.8
z 1.76 1.65 93.7
L5 w 1.35 1.28 94.8
X 0.79 0.78 98.7
z 0.91 0.90 98.9
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Table 4-E15 Dry Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs (continued)

Density Percent
Location  Original After 50  Retained

Ink Product of Density Strokes Density

System Film Line Site Sample® (unitless) (unitless) (%)
Solvent-  PE/EVA #S2 5 w 2.08 2.00 96.2
based x 2.03 1.91 941
y 2.08 1.94 93.3

z 2.05 1.96 95.6

7 w 1.65 1.59 96.3

z 1.64 1.59 96.9

L7 w 0.75 0.71 94.0

X 0.78 0.75 96.0

z 0.82 0.79 97.0

uv LDPE #U2 6 w 213 1.95 91.5
X 2.02 1.88 93.6

y 2.00 1.80 945

z 1.99 1.88 94.5

PE/EVA #U2 6 w 1.99 1.89 95.5

X 1.97 1.80 914

y 1.88 1.84 97.8

z 1.89 1.84 97.3

#U3 8 w 1.13 1.1 98.2

X 1.08 1.10 100.0

z 1.10 1.07 97.3

uv LDPE #U1 11 w 2.18 1.88 86.2
(no slip) X 1.96 1.80 91.8
y 2.14 1.86 86.9

z 2.20 1.91 86.8

Water- LDPE #W3 2 w 1.97 1.82 92.3
based X 1.95 1.80 92.3
y 1.98 1.86 93.9

z 2.02 1.93 95.5

3 w 2.15 1.94 90.2

X 2.16 2.00 92.6

y 212 1.93 91.0

z 2.03 1.89 93.0

L1 w 1.03 1.02 99.0

X 1.06 1.05 99.1

z 1.04 1.04 100.0
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Table 4-E15 Dry Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs (continued)

Density Percent
Location  Original After 50  Retained

Ink Product of Density Strokes Density
System Film Line Site Sample® (unitless) (unitless) (%)
PE/EVA #W3 2 w 1.67 1.63 97.6
X 214 2.02 94 4
y 2.08 1.97 94.7
z 2.04 1.89 92.6
3 w 1.95 1.90 97 .4
X 1.88 1.75 93.0
y 1.82 1.75 96.1
z 1.87 1.80 96.2
Water- PE/EVA #W3 L6 w 0.93 0.88 94.6
based X 0.80 0.79 98.8
z 0.88 0.85 96.6

&8Samples were taken atfour locations from the printed sample:
w =beginning ofthe run
x= 30 minutes into the run
y= 60 minutes into the run
z=end ofthe run
| " indicates data from a laboratoryrun.

Table 4-E116 Wet Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs

Ink Product Location of Failure at Number of
System Film Line Site Sample?® Strokes®
Solvent- LDPE #S2 5 w 5
based X 4
y 4
z 4
7 w 5
X 5
y 5
z 5
L5 w no failure at 10 strokes
X no failure at 10 strokes
z no failure at 10 strokes
PE/EVA #S2 5 w 3
X 2
y 2
z 2
7 w 5
z 5
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Table 4-E16 Wet Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs (continued)

Ink Product Location of Failure at Number of
System Film Line Site Sample? Strokes®
L7 w 5
X 6
z 6
uv LDPE #U2 6 w 6
X 5
y 5
z 5
PE/EVA #U2 6 w 3
X 4
y 5
z 5
#U3 8 w 2
X 3
z 2
uv LDPE #U1 11 w 3
(no slip) X 2
y 2
z 2
Water- LDPE #W3 2 w 8
based X 8
y 8
z 8
3 w no failure at 10 strokes
X no failure at 10 strokes
y no failure at 10 strokes
z no failure at 10 strokes
L1 w no failure at 10 strokes
X no failure at 10 strokes
z no failure at 10 strokes

4-E, page 66



APPENDIX 4-E LABORATORY TEST PROCEDURES AND PERFORMANCE DATA

Table 4-E16 Wet Rub Resistance Results for Performance
Demonstration Sites and Laboratory Runs (continued)

Ink Product Location of Failure at Number of
System Film Line Site Sample? Strokes®
PE/EVA #W3 2 w 3
X 3
y 2
z 2
3 w 4
X 3
y 3
z 3
L6 w 7
X 6
z no failure at 10 strokes

&8Samples were taken atfour locations from the printed sample:
w = beginning ofthe run
x= 30 minutes into the run
y= 60 minutes into the run
z=end ofthe run
PAfailure represents ink color transferred from the printed substrate to the unprinted
substrate. Amaximum of 10 strokes were used for the wet rub resistance test.
®L” indicates data from a laboratoryrun.

Tape Adhesiveness

Purpose

The purpose of the tape adhesiveness test is to check the bond of the dry ink to the
substrate. Adequate ink adhesion is critical, because if the ink doesn’t adhere well
enough, it will not be able to stand up to the normal demands placed on the finished
product. The tape adhesiveness test was based on methods developed by Quality
Assurance at Sun Chemical Corporation.

Equipment
Printed sample of ink

Adhesive tape (3M — #610)

Procedure
1. Air dry or oven dry the print per standard test procedure.

2. Place a length of adhesive tape (3M — #610) along the length of the print.

3. Hold the print down with one hand and quickly pull the tape off the print. The tape
should be pulled at a 90 degree angle to the print, upwards, not against the tape.

4. Observe the tape; there should be no ink removal.

5. Observe the print. Again, there should be no signs of ink removal.
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6. If 100% ink removal occurs, verify that the print has been made on the correct side of
the substrate.

7. Record the degree of ink removal by estimating the percentage of ink removed.

Results

Tape adhesiveness was measured on site during the demonstration runs, and in the
laboratory with samples collected from each site. Sites 1, 4, 9, and 10 were not tested in
the laboratory because the OPP substrate printed at these sites was laminated to another
substrate. This lamination trapped the ink between the two substrate layers, making it
unnecessary to test the ink on the OPP substrate with this method.

Samples for testing were cut from four locations during the run length as indicated by the
following symbols:

= beginning of run

= 30 minutes into run
= 60 minutes into run
= end of run

N < + Z
|

Due to the aborted run using the PE/EVA substrate at Site 7, samples were only taken
from the beginning (w) and the end (z) of the run for testing in the laboratory. Site 8 also
had a shorter run for the PE/EVA substrate, so samples were only available at the
beginning (w), 30 minutes into run (x), and the end of the run (2).

The laboratory runs at Western Michigan University were shorter in duration than the
demonstration runs, so samples for testing were only cut from three locations (w, x, and

).

All ink colors that were printed on each substrate were tested. (White ink was not
printed on the white PE/EVA). In the case of a failure, the color(s) of ink removed were
listed in the “Comments” column, along with an indication of how much ink was removed.

Table 4-E.17 shows the tape adhesiveness results of samples from each site. When a

site number begins with an “L,” the data were taken from a laboratory run conducted at
Western Michigan University, not from a volunteer printing facility.
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Table 4-E17 Tape Adhesiveness Results for Performance
Demonstration Sites and Laboratory Runs

Location
Ink Product of Pass/
System Film Line Site Sample? Fail Comments
Solvent- LDPE #S2 5 w P
based X P
y P
z P
7 w P
X P
y P
z P
L5 w P
X P
z P
PE/EVA #S2 5 w F outline of cyan and magenta was
removed
X F outline of cyan and magenta was
removed
y P
z P
7 w F cyan and magenta were slightly
removed
z F cyan, magenta, and blue were
removed
L7 w P
X P
z P
OPP #S2 L4 w P
X P
z P
uv LDPE #U2 6 w F white and magenta were removed
X F magenta was slightly removed
y P
z P
uv PE/EVA #U2 6 w F blue, green, and magenta were
removed
X F cyan, magenta, and blue were
removed
y F cyan, magenta, and blue were
removed
z F all colors were removed
#U3 8 w F cyan was slightlyremoved
X P
z F cyan and green were slightly

removed
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Table 4-E17 Tape Adhesiveness Results for Performance
Demonstration Sites and Laboratory Runs (continued)

Location
Ink Product of Pass/
System Film Line Site Sample® Faili Comments
uv LDPE #U1 11 w P
(no slip) X P
y P
z P
Water- LDPE #W3 2 w P
based X P
y P
z P
3 w P
X P
y P
z P
L1 w P
X P
z P
PE/EVA #W3 2 w P
X F blue was removed
y F blue was removed
z P
3 w P
X P
y P
z F green was removed
L6 w F all colors were removed
X F all colors were removed
z F all colors were removed
Water- OPP #W2 L3 w P
based X P
z P
#W4 L2 w P
X P
z P

28Samples were taken atfour locations from the printed sample:
w = beginning ofthe run
x= 30 minutes into the run
y= 60 minutes into the run
z=end ofthe run

" indicates data from a laboratoryrun.
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Trap

Purpose

The purpose of the trap test is to evaluate the efficiency of one ink printed over the top of
the next. The trap test was based on methods developed by Western Michigan
University.

Equipm ent
X-Rite 418 densitometer

Procedure

The procedure for measuring trap requires samples to be printed with solid ink densities
of magenta, cyan, white, and blue. The trap combinations to be measured were magenta
and cyan, and white and blue. However, the densitometer did not get viable results from
the white and blue combination. Trap was measured for both 100% tone (solid) and 80%
tone samples printed with magenta and cyan.

1. Calibrate the densitometer according to the manufacturer’s instructions. For all color
references, follow the calibration instructions obtained by pressing the function key and
color key together. Using instructions on the instrument, set low (white standard) and
high values (black standard) for each color; then read the individual color patches as
determined by the instrument. Verify calibration values for each standard patch and
make adjustments as necessary.

2. Two samples will be taken from four locations on the press runs for all substrates
(LDPE, PE/EVA, OPP).

3. Follow the densitometer instructions for the order in which readings should be
performed.

4. The apparent trap is calculated from densitometer readings using the GATF/Preucil
trap formula:

Apparent trap [%] = (D,, - D, ) X 100/ D,

where D, = density of two-color overprint
D, = density of first ink down
D, = density of second ink down

D,y Dy, and D, are measured using the complimentary filter of the second ink
down minus the paper.

Results

Trap was measured in the laboratory with samples collected from each site. Samples on
samples cut from two locations during the run length as indicated by the following
symbols:

=
I

beginning of run
end of run

N
1
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Table 4-E.18 shows the percent trap for these samples. Trap was measured for 100% tone (solid) and
80% tone areas. The results in Table 4-E.18 are the averages of five measurements taken at each

location during the run length. The standard deviation of those five measurements is also shown in the
table. The laboratory runs did not have any overprinting using the process colors referred to above, so they
were not measured for trap.

Table 4-E18 Trap Results for Performance Demonstration Sites

Location Tone of Average

Ink Product of Sample Trap Standard
System Film Line Site Sample? (%) (%) Deviation

Solvent- LDPE #S2 5 w 100 96.6 1.62

based 80 99.8 2.79

z 100 100.0 2.61

80 99.8 3.71

7 w 100 100.2 117

80 101.6 1.36

z 100 98.2 117

80 98.8 117

PE/EVA #S2 5 w 100 104.2 1.72

80 100.0 3.52

z 100 97 .4 1.74

80 97.2 2.64

7 w 100 93.2 3.82

80 93.8 3.06

z 100 92.4 1.36

80 90.2 1.33

OPP #S1 9B w 100 1026 1.36

80 99.0 3.29

z 100 104.6 2.24

80 103.8 2.04

#S2 10 w 100 934 6.65

80 107.6 4.84

z 100 98.2 440

80 95.8 2.71

uv LDPE #U2 6 w 100 88.8 1.72

80 88.0 1.10

z 100 89.4 2.80

80 87.6 3.20

PE/EVA #U2 6 w 100 95.0 447

80 91.2 0.75

z 100 90.2 214

80 90 4 049

#U3 8 w 100 914 2.50

80 94.6 1.62

z 100 96.2 1.94

80 97.2 3.60
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Table 4-E.18 Trap Results for Performance Demonstration Sites (continued)

Location Tone of Average

Ink Product of Sample Trap Standard
System Film Line Site  Sample?® (%) (%) Deviation

uv LDPE #U1 11 w 100 85.2 453

(no slip) 80 80.6 258

z 100 80.8 1.47

80 81.0 210

Water- LDPE #W3 2 w 100 93.2 5.15

based 80 88.0 4.20

z 100 92.6 2.06

80 89.6 4.22

3 w 100 116.4 4.08

80 105.2 3.31

z 100 111.6 2.58

80 109.0 4.05

PE/EVA #W3 2 w 100 76.2 1.94

80 79.6 2.24

z 100 73.4 3.93

80 76.8 5.04

3 w 100 97.6 1.36

80 1054 2.24

z 100 88.4 1.02

80 78.4 0.80

OPP #W1 4 w 100 874 1.20

80 96.8 3.60

z 100 87.6 1.85

80 87.6 1.62

#W2 1 w 100 87.6 3.56

80 82.0 3.29

z 100 914 1.96

80 88.4 1.50

#w4 9A w 100 88.4 2.50

80 91.0 544

z 100 87.2 1.47

80 89.2 1.47

&8Samples were taken attwo locations from the printed sample:
w = beginning of run
z=end ofrun
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Uncured Residue — UV Ink

Purpose

The purpose of the uncured residue test is to determine if uncured residue from UV ink
remains on the printed substrate after the final UV curing station. The uncured residue
test for UV inks is based on methods developed by Maine Poly Inc.

Equipment
Three glass jars (approximately eight ounces) with lids
Alcohol

Procedure
1. Cut three samples from the roll of printed product.

2. Fill each of the three jars with enough alcohol to fully immerse the printed sample.
3. Place one sample in each jar.

4. After 24 hours, check jar #1. Note if there is any discoloration of the alcohol
indicating uncured residue is present.

5. After 48 hours, check jar #2. Note if there is any discoloration of the alcohol.
6. After 72 hours, check jar #3. Note if there is any discoloration of the alcohol.

Results

The uncured residue test was measured in the laboratory with samples collected from
Sites 6, 8 and 11. UV ink was not run at any other sites, nor was it used in the laboratory
runs performed at Western Michigan University.

The uncured residue test was measured in the laboratory with samples collected from

each site. Samples for testing were cut from four locations during the run length as
indicated by the following symbols:

= beginning of run

= 30 minutes into run
= 60 minutes into run
= end of run

N < x g
[

Table 4-E.19 presents the results of the uncured residue test for each of the sites.
Uncured residue was only measured for green, blue, and white ink, as these colors had
the largest areas of coverage. However, uncured residue was only found in blue print.
There was no evidence of uncured residue for green and white print. Therefore, the
results in Table 4-E.19 are only for blue ink.
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Table 4-E19 Uncured Residue Results for Performance Demonstration Sites

Location Percent
Product of of Ink Removed
Ink System Film Line Site Sample?® (by weight)®
uv LDPE #U2 6 w 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.78
7.00
714
11.27
9.82
11.51
9.09

PE/EVA #U2 6

#U3 8

UV(noslip)  LDPE #U1 11

N < X £ N X £ N < X £ N Xx

&8Samples were taken atfour locations from the printed sample:

w = beginning ofthe run

x= 30 minutes into the run

y= 60 minutes into the run

z=end ofthe run
®Uncured residue was found in blue printonly. No uncured residue was found in green and
white print.
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