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ABSTRACT

Along with the increased use of pressure-sensitive adhesive products, concerns have emerged about
their environmental impact. To address these concerns, the U.S. Postal Service initiated an
environmentally benign pressure-sensitive adhesive (PSA) program to develop postal stamps that do
not adversaly affect the environment. As part of this program, experimental adhesives were evauated for
stamp performance specifications, laboratory recycling, and pilot-scale recycling. Laboratory and pilot-
scale recycling trial results are presented in this paper. Synthetic rubber or acrylic-type experimental
PSAs were repulpable, and adhesive levels were removed satisfactorily by screening, cleaning, and
flotation processes. Compared with synthetic rubber or acrylic-types. dispersible acrylic-type
experimental PSAs produced adhesive levels that were not as effectively removed in pilot-scae
recyclingtrials.

INTRODUCTION

For many years, the U.S. Postal Service (USPS) has tried to improve the adhesives used for stamps.
These efforts have addressed both conventional gummed adhesives and the newer pressure-sensitive
adhesives (PSAs). Although the PSA stamp was first issued in 1974, it was the second issue in 1989
that resulted in a dramatic increase in usage. Since then, it is estimated that the USPS uses more than
3.9 million m? PSA stamps and labels per year. This equates to about 14% of the total U.S. label
market (1.

Along with the increased use of PSA, concerns about the increased use of PSA stamps adding to the
amount of PSA entering the recovered paper recycling stream have emerged. The USPS has a clear
commitment to recycling, waste reduction, use of nontoxic adhesives and inks, and use of recycled-
content materials in stamp production. To help meet this commitment, the USPS initiated a program
to develop PSA postage stamps that do not adversely affect the environment or negatively impact
recycling. The intent of the program is to develop PSA stamp and label products that can be
successfully and economically recycled into paper products.

The environmentally benign PSA program focuses on both pre- and postconsumer stamp products in
the waste stream. Preconsumer stamp product waste is derived from stamp paper production, printing
and finishing operations, and out-of-specification stamp materials. Postconsumer waste consists mainly
of stamps and labels on envelopes in the home and office paper waste. Mill-scale trials will be
conducted for mills that currently supply pulp for printing and writing grades of paper in the industry.

Not only must the PSA be recyclable, but the entire stamp product must meet al performance
requirements specified in USPS-P-1238 (2). These requirements include permanent adhesion to
envelope substrates and archival ability (long-term aging). Suppliers of the USPS were solicited for
candidate PSA stamp stocks. As part of the PSA program, test protocols for evaluating the recylability

IThe use of trade or firm names in this publication is for reader information and does not imply
endorsement by the U.S. Depamnent of Agriculture of any product or service.
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of the candidate stamp adhesive materias at the laboratory and pilot scales were developed by
Springborn Testing and Research (STR) and the USDA Forest Service, Forest Products Laboratory
(FPL); an image analysis protocol was also developed. The USPS is developing a protocol for mill
repulping. Input from al parts of the industry was solicited to help develop these protocols.

Industry consisting of paper manufacturers, PSA producers, converters, paper recyclers, and adhesive
and chemical suppliers are working with the USPS to develop PSAs that can be removed from the
recycling stream. To achieve this, the basic chemistry of the PSA is modified or the physical properties
of the adhesive are changed (3). Teams were formed by industry to tackle the problem of developing
new “repulpable” PSAs that deal with the problem of stickies (4). Team members exchanged their
expertise and knowledge in a given field to develop an improved PSA.

Experimental PSAs were submitted to STR for evauation of stamp performance. Those stamps that
met the performance requirements were evaluated for laboratory and pilot-scale recycling. Those deemed
acceptable will then undergo extensive convening, printing and finishing trials, mail processing test
procedures, and recycling trials. After al protocols are finalized, the USPS will issue paper
specifications that will include recycling requirements. The USPS will mandate that all future stamp
products conform to these new requirements.

This paper examines the results of the pilot-scale recycling trials conducted at the USDA Forest
Sarvice, Forest Products Laboratory (FPL). The adhesives are compared based on their chemica
composition. In addition, results of the laboratory and pilot-scale trials are discussed.

LABORATORY EVALUATIONS

Springborn Testing and Research evaluated the adhesive stamp materials on the basis of two main
criteria; performance and recycling (2). Twenty-seven PSAs were evaluated for performance properties.
Those adhesives that passed the PSA performance testing were selected for recyclability evaluation at
the laboratory and pilot scales. The postconsumer configuration was 95% copy paper and 5% unprinted
stamp stock by weight. The preconsumer configuration was 90% copy paper and 10% unprinted stamp
laminate.

PSA Performance

The PSA performance requirements were based upon established test methods in the USPS-P-1238
stamp specification. Three main properties were examined:

« Permanence of adhesive bond between stamp and envelope substrate

« Aging (visible or physical changes) of stamp materias in three environments

« Ability of stamp to be removed from the envelope by soaking in water

Laboratory Recycling

The PSA unprinted stamp stock material was stained with Morplas blue dye so that the adhesive
particles would be highly visible throughout the process (5). The dyed stamp face was then laminated
to either copy paper or release liner to simulate pre- and postconsumer waste stock. The laminated
stamp stock was then pulped in a I-1b (0.45kg) pulper (Adirondack Machine Model 450H) a 15%
consistency, 46°C, and pH 10 for 8 mm. The pulped sample was passed through a 0.30-mm (12-cut
Valley flat screen; the accepts were then screened with 0.15-mm (6-cut) slots. Handsheets (1.2 g) were
made according to TAPPI T-205 om-88 at the pulper and from each screen accepts stream. Handsheets
were then scanned using an HP flat-bed scanner and an Optomax Speckcheck Dirt Counter system to
determine the level of contaminant having an area >0.02 mnv’.

PILOT-SCALE EVALUATIONS
The PSA stamp material was pulped in a Voith high-consistency pulper, model HC-1.5, at 15%

consistency, 43°C, and pH 10 for 20 min. The pulp was then pressure screened (Voith MULTI-
FRACTOR mode 00) through 0.30-mm dlots followed by 0.15-mm dots. Accepts were sent through
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aforward cleaner, two passes of a through-flow cleaner, and a flotation cell, and over a sidehill screen.
Sidehill accepts were pressed and shredded for storage for future paper machine trials.

For all accepts streams, 1.2-g handsheets were made according to TAPPI T-205 om-88, except that
one (2-min) pressing was done. Handsheets were then dyed with Morplas blue dye in heptane and
scanned on an Optomax Speckcheck Dirt Counter to determine the level of contaminant having an area
>0.02 mm® The removal efficiency of each unit operation was calculated by using the ratio of
contaminant level expressed in parts per million (ppm).

DISCUSSION

Experimental Adhesives

Preconsumer and postconsumer.

Results of the pilot-scale recyclability trials are given in Tables 1 and 2. In the preconsumer
configuration, the release liner either increased, decreased, or had no effect on the stickies count (ppm).

An example of release liner increasing stickies would be adhesive C. When initialy pulped,

adhesive C had an average ppm of 2700 and count/m” of 6800. As adhesive C went through the pllot
recycling protocol tridl, the contaminants were removed until a fina average ppm of 8 and count/m? of
230 were obtained. With the addition of the release liner, the contaminant level in the pulper was
increased to an average ppm of 3900 and count/m’ of 13000 for adhesive C. The release liner caused an
increase in the number of partlcles generated. The pilot recycling protocol, because the final average
ppm was 170 and count/m? was 1700, did not effectively remove these increased particles. Additional
processing of the adhesive would be needed to reduce the ppm value. There was only one adhesive,
adhesive L, in which the release liner improved the recyclability of the adhesive. With the addltlon of
the release liner, the final average ppm value was reduced from 160 to 27 and the final count/m’ was
reduced from 2100 to 500.

Comparisons of the laboratory and pilot-scale recycling trials from the pulper to the second screening
stages are given in Figures I-12. Some experimental adhesives had good correlation between
laboratory and pilot-scale recycling (Fig. 1). Not al adhesives correlated (Fig. 11). This could be a
result of the differences in equipment (STR used a Valley flat screen and FPL used a pressure screen),
difference in pulping temperatures, or the type of adhesive.

All experimenta PSAs were divided into two major chemica types. synthetic rubber elastomers or
acrylic polymers. We divided the acrylic polymers into an additiona type, dispersible acrylic, because
of its difference in behavior from the acrylic PSA in the laboratory and pilot trials. Each type of PSA
behaved differently through each unit operation in the pilot trias. For ease of comparison, data from
each adhesive type were compiled and averaged to make composite-size distribution graphs for
postconsumer configurations (Figs. 13-36).

Acrylic.

In the pulper, the acrylic PSA formed a combination of large and small particles (Fig. 13), having a
mean particle area of 0.61 mm®. As shown in Figures 14 and 15, through two stages of pressure
screening (0.30 and 0.15 mm), the mean ppm was reduced from 1900 to 36 and the count/m’ was
reduced from 3200 to 400, with a mean particle area of 0.10 mm” As shown in Figure 15, large
adhesive particles were still present in the pulp. This may have been due to the adhesive particles
being disc or plate-like (6) and/or deforming and passing through the pressure screens. The forward
cleaners and through-flow cleaners, indicating that the remaining acrylic adhesive particles may have
had a near-neutral specific gravity, removed a small number of partlcles Also, the remaining particles
had a small diameter because the mean particle area was 0.01 mm® Flotation removed a portion of
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small particles present, reducing the mean ppm from 22 to 7 and the count/m from 240 to 95 from the
cleaning stage. At the flotation step, the mean particle area was 0.006 mm®. The acrylic-type PSAs had
a99.5% removal efficiency.

Synthetic rubber.

The synthetic rubber PSA formed a combination of large and small partrcl& (Fig. 21), with a mean
ppm of 1400, a count/m’ of 2900, and a mean particle area of 0.50 mm’. After 0. 30-mm, and 0.15-
pressure screening (Figs. 22 and 23), the mean ppm was reduced to 44 and the count/m’ to 700, with a
mesan particle area of 0.07 mm” Some particles were present that had a size >0.15 mm, indicating that
some particles were either deforming through the screens and/or had a disc or plate-like shape similar to
the acrylic type adhesives. After forward cleaning (Fig. 24), a small reduction of partrcleﬁ was obtained
with a mean ppm of 38 and count/m” of 578 and a mean particle area of 0.05 mm® Through-flow
cleaning reduced the mean ppm to 14 (Figs. 25 and 26), which indicated that portions of the particles
were Irghtwerght Flotation further reduced the mean ppmto 7, a count/m” of 150, and a mean particle
area of 0.05 mm~”. A final mean ppm of 7 and count/m” of 120 were obtained. A removal efficiency of
99.5% was obtained for the synthetic rubber-type PSAs.

Dispersible acrylic.

The dispersible acrylic PSAs generated a large amount of small particles in the pulper (Fig. 29). In the
pulper, the mean ppm was 5200 and count/m-was 21,000, with a mean particle area of 0.22 mn?. As
shown in Figures 30 and 31, particles with a size >0.15 mm were il present in the pulp. After the
forward and through-flow cleaning (Figs. 32-34), a large amount of small particles were till present in
the pulp. After cleaning, the mean ppm was 1500 and count/m* was 6400, with a mean particle area of
0.16 mm?’. A slight reduction in ppm and particle count was obtained with flotation. However,
flotation was not very effective. This may have been due to the particle size of the gtickies, the
chemistry of the stickies, or to other factors. A final ppm of 1400, a count/m* of 4800, and a removal
efficiency of 72.7% were obtained for the dispersible acrylic-type adhesive.

Protocol Changes

Since this phase of the project involved unprinted stamp material, it was easy to distinguish the
adhesive particles in the handsheets produced. The handsheets were stained with a blue dye. The
adhesive particles present in the sheet stained a darker blue than did the surrounding pulp fiber
handsheet. In the next phase of the work, printed stamp material will be used. A new image anaysis
protocol will need to be developed that will take into account the ink factor. A new staining technique
will be explored so that a white background with a dark blue adhesive color can be obtained.

Currently, alight blue background is obtained. When comparing results with STR, the same detection
level could be used for both laboratories.

CONCLUDING REMARKS

The combined efforts of the U.S. Posta Service (USPS), Springborn Testing and Research (STR), and
the USDA Forest Service, Forest Products Laboratory (FPL) resulted in a product evaluation process
that covers the performance, laboratory recyclability, and pilot-scale recyclability of pressure-sensitive
adhesives (PSAs). The USPS program will provide a wedth of information about PSA performance.
Information obtained from laboratory and pilot-scale recyclability trials will help manufacturers to
improve their adhesive products for the paper recycler.

Experimental PSA can be repulped and adhesive levels satisfactorily reduced by pressure screening,
cleaning, and flotation processes. The dispersible, acrylic-based adhesive was not effectively cleaned by
pressure screening, cleaning, and flotation processes. With the introduction of the silicone release liner,
some experimental PSAs will require additional processing to further reduce the contaminant level.
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