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Abstract 

The United States Postal Service initiated the Environmentally Benign 
Pressure-Sensitive Adhesives for Postal Applications program as part of its 
commitment to develop products that do not adversely affect the environ­
ment. This program led to the development of teams from industry and 
government who worked together on developing a recyclable pressure-sensi­
tive adhesive (PSA). This paper describes lessons learned from the process 
of initiating, developing, evaluating, and implementing the PSA program. The 
program started with a problem and finger pointing and ended with a solution 
and useful products, developed with ownership from all parties participating 
in the process. This paper briefly describes a new Executive Order signed by 
President Clinton on April 21, 2000, which includes implementation strategies 
for government agencies to purchase and use the new environmentally 
benign PSA products. The effects of PSA on the paper recycling process and 
criteria for PSA material properties are also described. 

Introduction 

The popularity and use of a wide variety of pressure-sensitive products, such 
as stamps, stickers, tapes, and labels, have increased. The problem that led 
to the development of the United States Postal Service program is that pres­
sure-sensitive adhesive (PSA) materials, when present in the recovered paper 
stream in sufficient volume, can have an adverse impact on recycling proces­
ses and products. The PSA material tends to form into globs of "stickies" 
during the recycling processes, creating enormous difficulties for paper recy­
clers. Stickies that survive the recycling process reappear as dirt and irregu­
larities that are unacceptable in finer grades of writing paper. 
What is needed is an environmentally benign PSA that satisfies stringent per­
formance requirements as an adhesive and yet is easily removed during early 
stages of recycling processes. The USPS was uniquely positioned to take a 
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leadership role in addressing this complex problem. In addition to producing 
PSA stamps, the USPS consumes a significant volume of PSA office labels 
and forms that are affixed to mail pieces to expedite mail processing and 
decrease costs. In fact, the USPS is one of the largest single purchasers of 
PSA materials for a variety of applications, accounting for about 12% of U.S. 
PSA production. For this reason, the USPS is concerned with the adhesives 
used for all PSA products, not just that used on stamps. 
One complicating factor of this problem is the diverse nature of the various 
industries involved in the creation, use, and recycling of PSA products. The 
USPS recognized the need for an innovative approach to solving this pro­
blem and consequently initiated the formation of vertical, integrated teams. 
The teams, composed of representatives from the adhesive, converting, prin­
ting, and paper industries, testing laboratories, and other groups, worked 
cooperatively toward a solution to the PSA recycling problem. Each industry 
learned about the other’s challenges and needs. 
This vertical team approach led to the submission of numerous PSA products 
by the adhesive industry that were designed to perform as a stamp adhesive 
and to exhibit higher removal efficiency during the paper recycling process, 
as desired by recycling mills. These products were evaluated at the laborato­
ry and pilot level using recycling protocols developed cooperatively with the 
recycling mills. The ultimate accomplishment was to use the data generated 
to convince six recycling mills to agree to process printed versions of the 
stamp material through their mills. A total of more than 20 mill trials have 
been conducted with more than 15 adhesive products. Although the data are 

still being collected and analyzed, the preliminary mill findings are very promi­

sing. 

The efforts to develop environmentally benign PSA products have led to the 

establishment of new PSA purchasing policies. The USPS is requiring the use 

of the improved adhesives in future stamp and paper-to-paper label purcha­

ses. This technology has also been extended to other government agencies 

who likewise are being urged to purchase PSA products by complying with 

the newly signed Executive Order 113148. Section 702 of this Executive 

Order, EnvironmentallyBenignAdhesives, readsasfollows: 


Within 12 monthsafterenvironmentally benign pressuresensitive adhesi­

ves for paper products become commercially available, each agency shall 

revise its specifications for paper products using adhesives and direct the 

purchase of paper products using those adhesives, whenever technically 

practicable and cost effective. Each agency should consider products 

using the environmentally benign pressure sensitive adhesives approved by 

the U.S. Postal Service (USPS) and listed on the USPS Qualified Products 

List of pressure sensitive recyclable adhesives. 


The final objectives of this project are to produce clean, acceptable final pulp 

in a typical recycling operation from paper containing PSAs and to establish 

universal test methods and protocols that can be confirmed and accepted by 

theindustry. 


Discussion 

The USPS took the initiative, provided the resources, and formed vertical 
teams to represent and address all aspects of the issue associated with recy­
cling paper containing PSA. The adhesive industry was asked to meet the 



challenge of developing PSA products that would meet the strict performan­
ce requirements of the USPS postage stamp product, but would also satisfy 
the needs of the paper recycler. This challenge required a full understanding 
of the problems associated with PSAs in the paper recycling process in order 
to design adhesives with properties that would best meet recyclers’ needs 
and minimize problems. 
Since most of the post-consumer stamp material, e.g., discarded mail pie­
ces, was collected in mixed office waste streams, the effort concentrated on 
the fine grade writing paper industry, one of the primary consumers of this 
type of feed stream. Each participating industry contributed knowledge and 
resources, enabling better insight into all the issues and alternative solutions. 
The USDA Forest Service, Forest Products Laboratory (FPL) took the respon­
sibility of working with all concerned parties to develop a widely accepted 
standard method for evaluating the recyclability of paper containing PSA. 
Two protocols were developed, with the review and concurrence of the USPS 
and vertical teams. The first is a pilot-scale testing protocol to evaluate remo­
val efficiency after each recycling unit operation; the second is an image ana­
lysis (IA) protocol to evaluate handsheets for PSA content. Pilot-scale testing 
includes feeding 100 kg of copy-envelopepaper with a controlled amount of 
PSA to semicontinuous recycling unit operations that include high consisten­
cy pulping, coarse and fine screening, forward and reverse cleaning, and flo­
tation and washing. Samples are taken at 16 sample points, handsheets are 
made, and IA is used to measure the level of contaminants and to evaluate 
the removal efficiency of each unit operation and the cleanliness of the final 
products. Three other pilot testing facilities were selected to confirm the FPL 
protocols. 
Specialized Technology Resources, Inc., was assigned the responsibility of 
conducting the initial screening of new PSAs for both functionality and recy­
clability using a lab-scale protocol. National and international universities 
took on the tasks of investigating the mechanism of PSA breakdown during 
pulping, the interactions between ink and PSA, and the testing of final pro-
ducts. Printers, converters, and chemical suppliers committed themselves to 
conducting whole stamp construction trials to be used for laboratory, pilot, 
and mill testing of recyclability. The recyclers established the final acceptable 
PSA levels in both parts per million and particle size. 

Selection of Screening for PSA Removal 

The old paradigm for removing PSAs was to reduce the size of contaminant 
particles by using more severe pulping conditions. The theory was that parti­
cles could be made small enough to be removed by flotation and could be 
further removed from the wastewater by clarification. Adhesives designed for 
this removal technique were primarily dispersible types, and emphasis was 
placed on the size of dispersed adhesive particles as a result of pulping. 
Negative factors associated with dispersible adhesives included the possibili­
ty of reagglomeration later in the paper recycling process and build-up 
effects (especially in closed-loop systems). In addition, the dispersible-type 
adhesives were not successful at meeting the USPS high humidity aging per­
formance requirements. This option for removing PSAs was therefore not 
pursued. 
Screening was selected as the preferred strategy for removing PSAs. 
Screening has many advantages over other removal methods. The earlier that 
PSAs are removed from the recycling process, the lower the total cost and 
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the less likely that the PSAs will be deposited throughout the mill water 

system. In general, papermakers (recyclers) preferscreening as the primary 

strategy for removing PSAs because it allows PSAs to be easily removed by 

size at the start of unit operations. Residual PSAs can be removed efficiently 

during the remaining unit operations, including flotation. In addition, removing 

stickies in the early stage of screening minimizes the amount of microstickies 

in the process water. Pressure screening is also independent of density, 

which is important because other contaminants may modify the PSA density 

and nullify the subsequent centrifugal cleaning stage. 

Even though paper mills vary in their technology for deinking and stickies 

removal, they all have pressure screens. Screening does not require intensive 

capital investment, and the operation can be optimized to increase the remo­

valefficiency. 

The papermakers agreed to make their mills available for field testing and 

monitoring of PSA impact on operations. The adhesive industry reformulated 

their adhesive so that most of it could be removed in the pressure screening 

stage. 


Operating Conditions 

Consistency, temperature, and screen slot velocity are among the operating 
conditions or parameters to examine for optimization. Higher consistency 
pulping provides gentle fiber-to-fiber actions and causes the adhesive to stay 
large and so be easily removed by screening. Lower temperature during high 
consistency pulping, lower consistency through the screens, and lower velo­
city through the screens have been shown lo increase the efficiency of the 
screeningprocess. 
The forum of industry communication created by vertical teams revealed that 
PSAs that are introduced to a fiber recycling plant have the potential to 
cause significant problems, such as limitations in plant processability (equip­
ment scaling), productivity (equipment failure and shut down), and product 
quality (contamination in the final product). These problems are not encoun­
tered if the PSA is properly formulated. Criteria for PSA material properties 
can be developed by analyzing each unit operation of the recycling process. 
These criteria include sufficient strength to survive pulping and screening as 
large particles, limited elasticity to prevent extrusion of the material through 
screen slots, no adhesion to equipment surfaces, suitable surface chemistry 
that promotes removal by flotation, and no soluble colloidal component that 
can contaminate wash water. 

Testing and Evaluation 

The vertical teams also addressed how to evaluate adhesive products, desi­
gned for performance and improved recyclability, at the laboratory and pilot 
levels. Most of the available small-scale recycling protocols are used for qua­
lity assurance purposes and address only the specific needs of the organiza­
tion that uses them, An assessment by the project team revealed a need for 
a universal, standard method fortesting since each mill, university, and 
testing laboratory use their own particular testing procedure to meet their 
own needs, rather than the needs of the industry at large. No small-scale uni­
versally accepted recycling test method or protocol was available; all recy­
cling procedures reviewed seemed to be dependent upon the recycling mill, 



the end products made from the recycled pulp, or the adhesive company that 

designed the adhesive. There was a clear need to develop a reasonable 

method that combines recycling evaluation and subsequent analysis 

methods. In addition, there was a lack of published information on adhesive 

removal efficiencies during recycling unit operations. 

Many mill experts talk about dirt and adhesive content by stating numbers, 

such as 5 or 10 ppm. This description of contaminant content is loosely defi­

ned when the method or equipment and settings used are not specified. As 

we have learned from extensive work with Various image analysis systems, 

much is dependent upon the system and the way it is calibrated and set up. 

In other words, by adjusting certain detection settings, any desired level 

(ppm) of contaminants can be obtained. 

The materials and processes involved in the PSA program tend to be con­

centrated in highly capitalized and tightly scheduled production facilities such 

as paper mills, converting and printing facilities, and recycling plants. It is 

very difficult to schedule meaningful tests of materials in real-life scenarios 

under these conditions because of the costs, which are borne in large part by 

voluntary participants in the program. This obstacle was mitigated to a large 

extent by the good faith efforts and continuing cooperation of the program's 

industrialparticipants. 

During earlier phases of this work, industry-wide acceptable laboratory and 

pilot recycling and image analysis protocols were prepared and refined. With 

these evaluation protocols in place, a large database for new qualified adhe­

sives was created for both pre- and post-consumer waste recycling. 

Various methods were studied to evaluate PSA removal efficiency throughout 

the recycling process. Among these, one common technique used by the 

paper industry is image analysis. For reasons of economics, timeliness, and 

efficiency, many in the industry have used flatbed scanners and image analy­

sis software for quantification of stickies or contaminants in the handsheets 

of the pulp accepts and rejects from various steps in the recycling process. 

However, it quickly became obvious that several unresolved issues are asso­

ciated with this type of analysis. Another problem is the lack of a universal 

method. Although the Technical Association of the Pulp and Paper Industry 

(TAPPI) was in the process of developing standards for calibration of the 

equipment and software and a standard test method, these were not availa­

ble during the developmental stage of the PSA program. In addition, such 

standards would not have been appropriate because an image analysis pro­

tocol had to be developed to provide "relative" removal efficiencies of adhe­

sive in the pulp for evaluating the recycling behavior of various adhesives. 

The mill trial design was accepted by most fine writing grade paper recycling 

mills. Representatives from the recycling community supplied valuable advice 

and expertise with respect to the design of the USPS recycling protocols. 

Laboratory and pilot protocols were developed through these collaborative 

efforts, both of which were regarded as indicative of likely commercial recy­

cling systems. Given the ambitious nature of the environmentally benign 

adhesive (EBA) program and the likely extension to nonpostal products, the 

recycling industry impressed upon the USPS the need for one final testing 

arena in the qualification of benign PSAs: full-scale commercial recycling tri­

als. Such trials would serve to confirm all the research and development fin-

dings. Successful commercial trials would also supply strong evidence to the 

recycling community regarding the benign nature of the USPS PSA products. 

There is no single representative recycling mill. An easy and straightforward 

approach would have been the commissioning of a single recycling mill, 

through which all candidate PSAs would be qualified. The EBA team soon 
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recognized that, even within the limited arena of fine paper grade recycling 
mills, no single mill sufficiently represents the industry. There are a vast 
assortment of process configurations and capital employment. Not all stan­
dard secondary fiber unit operations are employed at all sites. Therefore, the 
USPS chose to solicit commercial sites that represent the full range of com­
mercial recycling facilities, all serving the fine paper grade community. 
All recycling mills encounter significant problems with stickies at times. 
Although each of the participating mills proved capable of controlling and 
removing contaminants within their systems, stickies can potentially cause 
significant problems for all mills. These problems could manifest themselves 
as out-of-spec quality control parameters (dirt or stickies), process runability 
problems (screens, cleaners, paper machines), or a combination of these. 
Candidate PSAs evaluated within the commercial recycling trials must be 
compared relative to one another, despite differences in recycling facilities. 
The risk of failing a given candidate PSA in the mill recycling stage must cle­
arly indicate recyclability deficiencies of that candidate, not differences in mill 
recycling process configurations. Therefore, the mill trial protocol required a 
standard benchmark PSA to be run through each participating mill. This 
benchmark PSA served as a performance standard, which allowed discrimi­
nation between candidate PSAs having better or poorer performance. 
Sufficient PSA material had to be added to establish a significant increase in 
the contaminant level compared with that of the baseline furnish. Background 
stickies in current sorted office waste can be appreciable and difficult to 
remove for some mills, and they limit the feedstocks that recycling mills can 
use. 

One part of the PSA program was a mail test, which evaluated the perfor­

mance of a candidate stamp through the highly automated mail processing 

systems and generated feed material for mill recycling trials. This study is 

probably one of the most extensive ever conducted by the USPS. However, 

even though 4 million test pieces were generated, this was not enough mate-

rial to be the sole feed for the mill recycling trials. 


Dissemination of Results 

The preliminary results of this work were presented by program participants 

at the 1998 TAPPI recycling symposium co-sponsored by the USPS and the 

Forest Products Laboratory in New Orleans on March 8-12,1998. In addi­

tion, invited presentations were given at the 1998 Paper Industry Research 

Association (PIRA) deinking conference in England and the PTS/CTP deinking 

symposiuminGermany. 

At the TAPPI 2000 recycling conference sponsored by the USPS, Forest 

Products Laboratory, Adhesive Sealant Council (ASC), American Forest and 

PaperAssociation (AF&PA), and TAPPI, all information collected to date was 

disseminated through formal presentations. The information shared at this 

conference is available in the proceedings. The papers describe the findings 

from laboratory, pilot-scale, and full mill-scale recycling trials using post-con­

sumer PSA products as feed materials. 

Future work will involve the development and testing of environmentally 

benign release liners as part of the effort to render both pre-consumer and 



post-consumer stamp products fully recyclable. 

Concluding Remarks 

The USPS has put forth an extensive effort to define and identify adhesive 
products that not only meet their product performance requirements but are 
also compatible with paper recycling operations. The information generated 
by the PSA program is not only benefiting the USPS; it is being shared with 
industry to assist them in their efforts to be' environmentally responsible. 
Some key lessons learned through the course of this work are as follows: 

• The procedure developed for qualifying stamps and other self-adhesive 
label products by recyclability can likely be adapted for other self-adhesive 
labels and is helping the government and industry learn how to qualify 
adhesive-based products on the basis of recyclability. 

•l It is difficult to schedule meaningful tests of materials in real-life scenarios 
when the materials and processes are concentrated in highly capitalized 
and tightly scheduled production facilities, such as paper mills, converting 
and printing facilities, and recycling plants. The costs of such tests are 
borne in large part by voluntary program participants. This obstacle was 
mitigated to a great extent by the good faith efforts and continuing coope­
ration of the program's industrial participants. 

• 	 The vertical team approach resulted in collaboration amongst diverse 
industries and has led to several solutions to the PSA recycling issues. 
However, this forum may not have been possible without the backing, 
industry clout, and purchasing power of an organization such as the 
USPS. Because the USPS is the largest PSA label user (though not a pro­
ducer), it was the best convener for vertical teams. 

• 	 The overall situation of the U.S. recycling industry with respect to PSAs 
will not likely change unless the USPS, other government agencies, and 
the private sector make use of these new PSAs. The new Executive Order 
provides implementing strategies for this within the Federal government. 

• 	 Because existing recycling mills are at various stages of deinking-conta­
minant removal technology, removing contaminants by screening and flo­
tation is preferable to dispersion. 

• Consumer preference for PSAs outweighs environmental concerns. 
• Public research institutions, such as the Forest Products Laboratory and 

academic institutions, can play a significant role in bringing unbiased 
scientific problem-solving and fundamental research capabilities to bear 
on solving the problem. 

• 	 Organizing and developing consensus within the vertical team concept in 
problem solving takes time, but in this case, it appears to have resulted in 
a process and outcome are supported by all interested and affected orga­
nizations. 

• 	 Because industries are closely involved with the development of universal 
test methods, the methods are widely accepted. 

• 	 Along with private sector, academia, and special interest groups, govern­
ment agencies need to be involved in the process to make significant pro­
gress. 

• 	 Technical societies, such as TAPPI, are very useful in providing a neutral 
forum to present technical data and results on an industry-wide scale. 

• A PSA user's conference is needed to best disseminate information on 
environmentally benign PSAs and to increase dialogue among the various 
groups involved. The conference should involve all the large businesses in 
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the private sector that use PSA labels and tapes to conduct their opera­
tions. 

• More work needs to be done. Although the recyclability work on the stamp 
(face paper and adhesive, post-consumer) is nearly complete, the recycla­
bility of the entire stamp laminate system—i.e., face paper, adhesive, and 
release liner (pre-consumer)—still needs to be developed. This is primarily 
the result of the need to improve the recyclability of the release liners to 
make the entire stamp laminate construction. 
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