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New optical measurement
methods for in-line measurement
of web coatings on paper & film

By Eric]. Reber, technical dir.-Mahlo America, Inc.

Thein-line measurement of thin coatings on paper and film continues to challenge manufacturers,
especially as performance tolerances and requirements tighten. New measurement techniques
have been introduced recently which focus on thin coatings and employ optical measurement
techniques to provide accuracies down to 0.01 micron. These measurement methods are non-
nuclear and measure from a single side of the coated web and at a single location - after the
coating is applied. This paper will discuss two of these new developments: 1) Solid-State Infrared
Absorption, primarily for coatings on paper, and 2) Optical Interferometry for coatings on film,
and will provide their operating principles and performance specifications.
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peak of the molecule of interest (for example,
PET, PE or PP) are used in conjunction with
filters centered at reference wavelengths to
obtain a measurement of the mass or thickness
of the web component. The more light that

is absorbed at that molecule’s absorption
wavelength, the more of those molecules are
present in the web and, therefore, the greater
the weight or thickness of the web or web
component (e.g., coating).

Existing older-design NIR sensors use a
halogen lamp, a Lead Sulfide (PbS) light
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detector and a spinning wheel containing
three, four or six filters. Such PbS detectors,
however, are quite temperature-sensitive,
rotating motors are subject to failure, and
the time delay measuring the light through

FIGURE 2. Schematic of new solid-state NIR sensor

TABLE 1. Specifications of new solid-state NIR Reflection (IMF-R) and
Transmission (IMF-T) sensors

each filter in sequence can cause measurement

errors with a moving web and scanning sensor.
Parameter

Type
New solid-state NIR absorption

measurement

New detector: Advances in infrared-light
detection technology have contributed to the
development of a new on-line NIR basis weight
/ thickness sensor that is 100% solid-state with
improved temperature stability and >10x finer
resolution than existing rotating-filter wheel
devices. Beginning with a new type of infrared
detector, this firm’s new photodetector has a
higher quantum efficiency, lower dark current

Specification

Measuring principle

Measuring range Basis weight !
Measuring range Moisture !

Measuring range Coating
Repeatability '
Measuring gap

Temperature range without cooling

Value Unit
.Basis Weight & Moisture |
IMF-R IMF-T
Reflection of Transmission of
infrared light infrared light
Paper ~10-30 ~10-200 g/m?
Polymer ~10-60 ~10 - 500
~0.2-15 ~0.2-15 % H0
~0.2-10 ~0.2-30 g/m?
0.2-200 - g/m?
Better than 1%
10/15/30 10/15/30/60 mm

10-50 °C

1) Measuring range and measuring accuracy depending on the
material (analysis of material samples necessary)

and an ultrafast time response relative to the

formerly used detector types. The much higher light
sensitivity (~100x that of PbS detectors) means the new
detector exhibits a much larger signal change for a very
small target-weight or thickness change, so the overall
system gain is much lower, reducing temperature effects.
In addition, a new standardization technique re-zeros the
sensor when needed to eliminate any residual sources of

“THE IN-LINE MEASUREMENT
OF THIN COATINGS ON PAPER
AND FILM CONTINUES TO
CHALLENGE MANUFACTURERS,
ESPECIALLY AS PERFORMANCE
TOLERANCES AND
REQUIREMENTS TIGHTEN.”
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drift that may result from dirt, aging, etc. The higher
detector resolution expands both ends of the traditional
filter-wheel sensor’s measurement range to both lighter
and heavier webs than previously available.

Solid-state array: A new ground-up design using the new
detectors allows for the elimination of failure-prone,
motorized, spinning-filter wheels. Six detectors, each
with its own discrete narrow-band pass filter and a novel
optical-fiber light pipe, provide true simultaneous same-
spot measurements of all wavelengths very rapidly with
no light modulation. This results in very fast, stable
measurement with 100x finer resolution than that of
older spinning-filter wheel devices. The use of an optical
light pipe nearly parallel to the light source minimizes
the effects of web flutter and can be configured with a
small measurement spot for fine cross-direction (CD)
resolution. The six-filter array design also facilitates

the selection of custom filters for special applications.
With no motors or other moving parts to accommodate,
the solid-state sensor design is much simplified, easing
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FIGURE 3. Light reflecting from the top and bottom surfaces of a coating (left); FIGURE 4. Two light waves interfering with one
another (right)
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FIGURE 6. FFT results of varnish coating on PET film When exposing clear or slightly opaque thin
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coatings to UV radiation, visible or NIR light, the light is
reflected from both the top and bottom surfaces of the
coating (see Figure 3). These light reflections interfere
with one another as a function of the different distances
that each travel, creating an interference pattern that
can be detected by a spectrometer (see Figure 4).

The frequencies of this interference are a measure of the
coating thickness and determined using a Fast Fourier
Transform (FFT) algorithm. Depending on the indices of
refraction between the coating and the substrate, very
high accuracy of up to 0.01 micron can be achieved.

Figure 5 shows the raw interference spectrum for a
4.04-micron varnish coating applied to a 25-micron PET
film.

The frequencies of the interference are determined by
an FFT algorithm using one of two spectrometers, Near
Infrared (NIR): 940 to 1,700 nm, and Ultraviolet/Visible
(UV-VIS): 350 to 1,020 nm. The FFT analysis (see Figure
6) results in very sharp peaks at the thickness of the total
combined varnish + PET at 28.93 microns, as well as at the
varnish coating peak at 4.04 microns.

In most cases, the total thickness and the coating / layer
thicknesses can be measured simultaneously.

The optical interferometer sensor (see Figure 7) can
measure coatings down to a thickness of 0.40 microns.
Additional applications for the optical interferometer
are PVDC coatings on PVC film, silicone-based release
coating on PET and PE films, monolayer films and

the total thickness of multilayer extrusions, such as
packaging film, where extremely high accuracy is
required.

In addition, the optical interferometer is able to
determine even extremely thin coatings in the
nanometer range indirectly with aqueous or solvent-
based applications on films, depending on the % solids
content (see Table 2).

Features of the optical interferometer include:

e Measures films, coatings and layers down to 0.40
microns thick

e Fast (<o.10 to 5 millisecond) measurement and very
high stability

e  Small measurement spot for excellent defect
detection

0 minimize process variability and m
ok You Il be pleased.

WEB GAUGING

Measure. Control.
Profit. Repeat.

Are you still getting the eqmpment support and value you need

SOLUTIONS:

e Basis Weight

e Coating Add-On
e Moisture

e Thickness

e Density

e Silicone Release
e Air Permeability

Mahlo America, Inc. ;
864-576-6288 www.MahloAmerica.com

trendsetting technology. worldwide.
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e Very easy to calibrate
e Non-nuclear
e Single-sided measurement

Optical interferometer
applications
Applications for the optical
interferometer are wide-ranging,
and the type of spectrometer
needed also varies.
e Monolayer films
e All polymers, thicknesses
from ~1 to 300 pm (UV-
VIS or NIR type)
e Coatings
e  Clear coatings on PET,
metallized films, metal
sheets (UV-VIS type) ‘

e Adhesive coatings on soft BT | sressse |
films, e.g, PE, PP (NIR |

g Lot 9862A |
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e Colored lacquer coatings ; e . ‘ SRS

on aluminum (NIR type)
PVDC on PVC (NIR type)
Liquid solvent coatings
(on PET and metallized
PET) (NIR type)
e  Multilayer films (multiple
layers simultaneously)

e Total thickness from ~1 to
300 pm (UV-VIS or NIR
type)

e Thicknesses of
coextruded layers, barrier
layers (UV-VIS type)
(refractive index
dependent)
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FIGURE 8. Example of CD profile and MD trend of coating

TABLE 2. Optical interferometer specifications
 fwuws Jwwwws

The coating thickness
information can be

Measuring range * ~1to 140 um ~ 0.4 to 300 pm

compiled as complete roll

. . Accuracy for clear films +/-0.02 um +/-0.01 um
reports in various formats.
The high-resolution Measuring spot size ~2mm ~2 mm
Coating details also can Best working distance ~30 mm ~ 60 mm
!)e dlsplayed m .real-tlTne Tolerance distance ~ 10 to 60 mm ~ 15 to 90 mm
in many forms, including
numerical displays, bar Tolerance angle +/-10° +/-5°
graphs, SPC charts and asa  Ambient temperature without 10 to 50 °C 10 to 50 °C

cross-direction (CD) profile
as in the top graph or as a
two-dimensional trend as
in the bottom graph shown
in Figure 8.

cooling

Preferential applications**

CONTINUED ON PAGE6

Opaque and slightly hazy films,
e.g. PE.

Opaque coatings, e.g. adhesive,
silicone, PVDC .., on polymer
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Clear films, e.g. Pl, BOPET, BOPP,
display films..

Clear coatings, e.g. dry film, hard

coatings , on polymer
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Conclusion

The new solid-state NIR sensor will replace both older
filter-wheel IR sensors and nuclear gauges for a more
cost-effective, in-line measurement solution for polymer
films and sheet, coatings on paper and moisture. For thin
coatings on polymer films or poly-coated substrates, as
well as thin monolayer or multilayer films, the optical
interferometer provides a single-sided, non-nuclear
measurement with extremely high resolution. B
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