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PAPER TASK FORCE

WHITE PAPER NO. 1

FUNCTIONALITY REQUIREMENTS FOR UNCOATED BUSINESS PAPERS AND
EFFECTS OF INCORPORATING POSTCONSUMER CONTENT

I. INTRODUCTION

This White Paper summarizes the Paper Task Force’s research and findings on the
functionality issues associated with uncoated business papers and the effects of incorporating
postconsumera fiber on the functionality of the grades.  This White Paper is one component of an
extensive research process supporting the Task Force’s recommendations for purchasing
“environmentally preferable paper” (paper that reduces environmental impacts and meets business
needs).  The Task Force makes short- and long-term purchasing recommendations for specific
grades and uses of paper, issued in a public report in December of 1995.  This White Paper
summarizes the Task Force’s findings and conclusions on the functionality requirements for
uncoated business papers and effects of incorporating deinked postconsumer content;  it does not
contain purchasing recommendations.  

The information presented in this paper has come from published articles, technical
meetings and discussions with representatives from the pulp and paper industry, academia, printers,
forms converters, office-equipment manufacturers, and paper purchasers.  As an additional step in
the research process, the Task Force assembled a panel of experts to discuss an issue paper
(“Functionality Requirements for Uncoated Business Papers and Effects of Incorporating
Postconsumer Content”) that was prepared by the Task Force.  Panelists are listed in Appendix A.
The issue paper and White Paper were also reviewed by several expert reviewers from companies
and institutions not represented on the panel.  The panelists’ and reviewers’ comments on both
papers have been considered in drafting this document.  (A list of the expert reviewers of Issue
Paper No. 1 and White Paper No. 1 is found in Appendix B.)

The Paper Task Force members endorse the broad principles set forth by the Task Force’s
final report.  The  findings and research in this White Paper reflect the contribution of Paper Task
Force Working Groups and changes made in response to comments received from expert reviewers

                                                
     a Throughout this paper, “postconsumer” refers to finished paper products that have been sold in commerce and have
served their original purpose.  As contained in the Resource Conservation and Recovery Act, postconsumer material is
“paper, paperboard, and fibrous wastes from retail stores, office buildings, homes, and so forth after they have passed
through their end-usage as a consumer item, including:  used corrugated boxes, old newspapers, old magazines, mixed
recovered paper, tabulating cards, and used cordage; and all paper, paperboard, and fibrous wastes that enter and are
collected from municipal solid waste”.  In this White Paper, “recycled-content paper” refers to paper that contains some
“postconsumer” content, and, unless otherwise indicated, the percentage levels of postconsumer content are measured
by fiber weight.  “Deinked” refers to fiber (both “post” and “pre” consumer) that has been subjected to the deinking
process.  The deinking process includes a flotation stage designed to separate ink and contaminants from the fiber.    
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through the White Paper review process.  The contents of this paper do not reflect the policy of
individual Task Force member organizations.

This paper addresses only functional parameters relevant to the manufacture and
performance of uncoated business papers.  The Task Force’s recommendations integrate findings on
environmental, economic and functional aspects of paper use in a balanced manner that reflects the
needs of paper users in the private sector.  Other White Papers address the following related topics:

•  Environmental comparison of recycled and virgin pulp manufacturing processes

•  Economic comparison of recycled and virgin pulp manufacturing processes

•  Environmental comparison of recycling and other municipal solid waste management
options

•  Economic comparison of recycling and other municipal solid waste management
options

•  Functional requirements of virgin and recycled-content publication papers

Included in this paper are the Task Force’s findings with respect to reprographic paper,b
other office papers such as letterhead (designed to run in office machines such as laser printers, ink-
jet printers and copiers) and several offset grades, including offset business forms and envelopes.
Although there is some overlap, a separate White Paper focuses on publication grades, including
coated and uncoated magazine and book papers.

The Paper Task Force’s goals in researching the functional issues associated with various
grades of paper are: (i) to identify the attributes of certain grades that enable them to perform as
intended, (ii) to evaluate the relationship between paper’s raw materials and the papermaking
process, and (iii) to understand how equipment specifications, especially office equipment and
offset printing presses, determine paper’s properties.  

Understanding the functional requirements of various paper grades is a critical piece of the
Task Force’s analysis.  A purchaser must be confident that the paper he/she buys will meet the
performance demands of the equipment, including postpress operations, in which the paper will be
used.  For its research, the Task Force has defined “functionality” as the ability of a sheet (or roll) of
paper to meet the purchasers’ expectations for running in office machines or offset printing presses
and to create the desired end-product.  

The grades examined in this White Paper constitute a significant portion of the papers
purchased by member organizations of the Paper Task Force and of the total volume of printing and
writing paper produced in the United States.  As reflected in Appendix C, approximately 12.1
                                                
     b “Reprographic paper” is multi-purpose paper designed for use in copy machines, laser printers, ink-jet printers and
plain-paper faxes.  It is often referred to as “dual-purpose” paper.



3

million tons of uncoated freesheet (UCFS) were shipped in 1992.  Office reprographic and bond
papers constituted about 4.3 million tons of UCFS, or approximately 35% of uncoated freesheet
consumption and 18% of all printing and writing paper c consumed.  Business forms and envelopes
made up 2.1 million tons and 1 million tons respectively.1  The market share of business papers with
recycled content has been steadily increasing and reached 5.1% in 1993.2
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II. SUMMARY OF FINDINGS

Following are the Task Force’s findings with respect to the functionality of uncoated
business papers and the incorporation of deinked postconsumer fiber.  The findings are based on
research that is summarized in the body of this paper.  The findings include references to the
corresponding sections of the White Paper.

1.  There are uncoated, commodity-graded business papers available today with 20-25%
postconsumer content that meet the functional requirements of office users.  On balance, most
recycled-content office papers with 20-25% postconsumer content perform consistently well
in low-, medium- and high-speed copy machines, other office equipment and offset presses.
[Sections II.B.,D.,III.intro.,A.3.,4.]

•  Manufacturers and users of both recycled and virgin paper generally assess performance
in two ways:  by means of individual specifications (e.g., moisture content, opacity,
brightness and smoothness) and actual performance in office equipment.  Except for
cleanliness, recycled-content paper manufacturers strive to make paper that meets
specifications identical  to those for comparable virgin paper.  (Some manufacturers
produce recycled-content paper to meet a different cleanliness specification than that for
virgin paper.)  Meeting specifications does not always predict how well the paper will run,
however.  Interviews with paper suppliers and equipment manufacturers and the
experiences of many end users confirm that recycled-content papers with 20-25%
postconsumer content have the potential to perform as well as their virgin counterparts.
The primary difference in the performance of recycled-content paper as compared to virgin
paper is the level of stickie contamination in recycled-content paper.  [Section I.A., II.B.,C.,
III.intro.,A.3.]

•  The frequency of copy machine jams is not correlated to the use of recycled-content
paper.  The majority of copier jams with recycled-content paper are not directly attributable
to the use of recycled fibers; rather, they are a function of several factors such as two sided
copying, the speed and condition of the equipment, the quality of the paper being used (i.e.,
expertise of the manufacturer to produce a satisfactory reprographic grade), and operator
errors.  [Section III.A.3.]

•  Recent developments and future trends in office-equipment applications have the
potential either to increase or alleviate the performance demands on reprographic paper.
For example, the ever-increasing speeds of copiers may exacerbate the tendency of some
papers to “dust.”  At the same time, newer copy machines have been designed with more
robust paper handling systems, which results in fewer transport jams, an advantage for both
virgin and recycled-content paper.  [Section III.A.3., IV.]

                                                
     d Any grade with over 1.5 million tons per year of production is generally referred to as commodity-grade paper.
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2.  Paper manufacturers face a number of challenges in making recycled-content paper that
meets the functional requirements of office users.  The biggest challenge is to obtain a
consistent supply of high-quality, deinked postconsumer pulp (either from on-site deinking
capacity or from a market pulp supplier).  As with virgin pulp, at the papermaking stage the
manufacturer must make adjustments to compensate for the different properties of deinked
fiber.  The manufacturer of recycled-content paper must also deal with variability in quality
among batches of deinked, postconsumer fiber.  [Section II.B.,C.]

•  Contaminants, such as dirt, ink, unbleached or groundwood fibers, and so-called
“stickies,” pose a significant challenge to manufacturers of recycled-content papers.
Contaminants can detract from the appearance of the product by causing specks or affecting
the color or shade.  Stickies can cause web breaks on the paper machine during
manufacture.  In the final product, stickies can cause poor-quality reproduction and
contamination of the copier or press.  [Sections II.C., III.intro.]

•  Deinking technology is continuing to evolve and is expected to be able to remove almost
all stickies in the near future.  As a result, it should be possible to use lower-quality
recovered paper to produce high-quality recycled-content office papers.  [Section II.C.]

•  Deinked and virgin pulps have different properties, including differences in length,
cleanliness, bonding ability and stiffness.  To compensate for these differences and meet
physical specifications, manufacturers must make process adjustments at various stages of
the papermaking process.  (These steps may have cost implications, which the Task Force
addresses in White Paper No. 9.)  For the most part, papermaking adjustments made for
deinked fiber are analogous to adjustments made to accommodate the characteristics of
fibers from different tree species (e.g., Northern Hardwood versus Southern Pine).  [Section
II.B.]

•  Paper manufacturers express concern that variability will increase at postconsumer
content levels above 25% and/or as lower-quality recovered paper is used as a furnish.
Increased variability could present challenges in the papermaking process and/or
adversely affect consistency within rolls of paper.  [Sections II.C.2.]

3.  Twenty to 25% postconsumer content is not necessarily the limit for recycled-content
commodity-grade papers that meet functional requirements.  A variety of factors will
determine whether recycled-content papers with more than 25% postconsumer content that
meet functional requirements will become widely available.  The factors include:  (1) customer
demand, (2) the cost and availability of high-quality deinked pulp (examined in White Paper
No. 2), (3) further advancements in the ability of deinking and cleaning technology to
eliminate stickies and other contaminants, (4) the extent of the papermaker’s experience and
(5) the capabilities of the individual mills making the paper.  [Section II.D.]

•  There are specialty-grade business papers available today that contain more than 25%
postconsumer fiber content and that meet functional requirements.  [Section II.D.]
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III. CHARACTERISTICS AFFECTING THE FUNCTIONAL PERFORMANCE OF 
UNCOATED BUSINESS PAPERS

A. Attributes and Functionality Requirements of Business Papers  

  With respect to both runability and print quality,e the Task Force has identified the
following properties as critical to the functional performance of reprographic and offset paper
grades.  Properties that are particularly important for envelopes, business forms and labels are
highlighted.  Appendix D contains sample specifications for reprographic paper.

1.  Strength.  Generally, three types of strength are measured:  folding, tensile and tear.
Strength is important so paper can run through the machines without tearing and can
withstand folding without cracking.3  Paper’s strength is determined by interfiber
bonding during sheet formation, fiber strength, the type of fibers and filler in the sheet,
the basis weight of the sheet, and the degree of refining.4  Since 1980, many American
mills have switched from acid to alkaline papermaking in part because the alkaline
process results in a stronger sheet.5

For web-offset paper, adequate tensile strength is particularly important to prevent tears
or breaks on the web press.  Envelope paper must have sufficient strength to withstand
folding, cutting and pressing as it moves through high-speed converting machines.  So-
called “expansion,” “bankers’ flap,” “clasp,” and “string and button” envelopes are
bulkier than most commercial envelopes and are made to exhibit greater strength
characteristics.6

2.  Stiffness.  Stiffness refers to the ability of paper to resist deformation under stress
and resist bending stress.7  Stiffness affects how well the paper performs in transport
through press and office equipment and during converting.8  For envelopes, adequate
stiffness is essential to the paper’s ability to retain its form when folded.

Stiffness is determined by the basis weight and caliper of the paper, the type and
quantity of fiber and filler used in the paper, and the degree of fiber bonding.  

3.  Dimensional stability.  This is the property of paper that allows it to resist curl and
cockle.f  Resistance to curl is extremely important, as curl is a major cause of copy

                                                
     e Runability refers to the paper properties that affect the ability of the paper to run in office equipment and
printing presses (Bruno, 1992).  Print quality refers to the paper’s properties that determine the quality of
appearance of the sheet after printing, as judged by contrast, resolution of the printed image, type, and reproduction
of halftones (Bruno, 1992; Kline, 1982).

     f “Cockle” is the ripple or waviness of a sheet caused by improper drying.



7

machine jams.9  Dimensional stability is also determined by a sheet’s “reactivity”g and
paper formation.10  Papermakers control paper formation to ensure a uniform web.  A
uniform web provides for uniform removal of water throughout the web, and produces
paper that is less susceptible to curling from an increase or decrease in moisture content.
A non-uniform web structure is more susceptible to curling.11     

4.  Opacity.  Opacity is the degree to which one is unable to see through the sheet, and is
measured by the amount of light that transmits through the sheet.12  When paper has a
maximum opacity of 100%, no light is transmitted at all.13  Particularly for duplexing
and double sided printing, opacity is an important characteristic for print quality.14

Opacity is a function of the type and amount of fiber, basis weight, and the inclusion of
various fillers in the paper.15

5.  Smoothness.  Smoothness may be measured by the degree of resistance that the
paper provides to air moving across its surface.h  Smoothness influences print quality,
ink holdout and transport of the paper through the machine.16  Smooth surfaces have
irregularities of the order of 0.005" to 0.010" apart, but they cannot be seen by the naked
eye.  As smoothness decreases, solids and halftones may become sandy in appearance,
but type is minimally affected .17  Therefore, smoothness is more important in letterpress
and gravure printing and in xerography than in offset printing.  Although paper
manufacturers produce paper with high smoothness designed specifically for use in laser
printers, most office users run dual-purpose reprographic paper and letterhead in laser
printers.  

The degree of smoothness of an uncoated grade of paper is determined by fiber species,
fiber length, and finishing processes such as surface sizingi and calendering.j  

                                                
     g “Reactivity” is the propensity of a sheet to gain and lose moisture when subjected to heat and/or changes in
humidity.

     h Smoothness is generally measured using an air leak type test which also measures the resistance of air flowing
through the space available between the surface sealed against the surface of paper.  The roughness of the surface
provides pathways for the air to leak out by the sealing surface. (Written comments by Union Camp, 22 Mar. 1995).

     i The primary purpose of sizing is to enable paper to resist penetration by fluids.  Sizing can also provide better
surface properties and improve certain physical properties of a sheet.  The papermaker generally applies either
surface or internal sizing, which can be applied as sole treatments or in combination.  Surface sizing is achieved by
applying a suitable coating to the surface of dried paper.  It reduces the pore radius, thereby reducing the rate of
water penetration into the sheet.  Internal sizing is achieved by using additives at the wet end of the papermaking
process.  In addition to reducing the rate of water penetration, internal sizing improves fiber-to-fiber bonding,
thereby improving physical properties of the sheet such as burst and tear strength and reduced linting (Smook, 1992,
pp. 223-224, 283).   

     j A calendered paper goes through an assembly of rolls that have polished surfaces.  The rolls compact and
smooth the paper, increasing the sheet’s gloss and smoothness (Bruno, 1992, pp. 169, 188).
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6.  Moisture content.  Moisture content is important to the sheet’s runability and image
quality.18  Paper is manufactured to meet moisture specifications, which are determined
by the paper’s end use.  The moisture content of paper is determined by the extent of
drying during the papermaking process, and can range from 3-7%, depending on the
type of paper.19  For example, to run well in copiers, which subject paper to intense heat
and drying, reprographic paper is manufactured to contain less moisture than offset
paper.  Adequate moisture in envelope paper ensures that the paper is not brittle nor
likely to crack when folded.  (See Appendix D)   

7.  Basis weight/caliper.  Basis weight is the weight of a ream of paper (usually 500
sheets) of some standard size.20  Caliper is a measure of the paper’s thickness.  Caliper is
measured in thousandths of an inch (mils).21  Uniformity of basis weight and caliper
within a ream/box/roll are critical to the paper’s runability for both reprographic and
offset grades.22

For paper that will be converted to envelopes, consistency in bulk and basis weight is
also critical to the success of the conversion operation.  Envelope converters can
produce up to 1,000 envelopes per minute; variation in the bulk or basis weight of the
paper being used can throw off the accuracy of the converting operation.23

8.  Ink/toner receptivity.  This is the characteristic that determines how well the toner
particles adhere to the sheet,24 or the extent to which ink is absorbed into or set near the
surface of the paper.25  In offset grades, this property is sometimes described as the
paper-ink affinity because paper surfaces (such as the degree of smoothness) can affect
such properties as ink drying, set-off and absorbency.26  

9.  Lint content.  Lint refers to paper fragments or dust on the surface or edges of the
sheet.  Lint occurs when fibers have not adequately bonded, or when cutting during
converting operations results in ragged edges with loose fibers.

Lint can be picked off the surface of the paper by the “tacky”k inks used in offset
printing, and thereby contaminate the blankets on offset presses.  Lint can also
contaminate office machines.27

10.  Cleanliness.  Cleanliness is the absence of visible dirt specks, stickies and other
contaminants in the papermaking process.  Cleanliness is important for print quality and
readability, and in preventing equipment damage.  In terms of print quality, cleanliness is
particularly important for certain forms.  For example, forms that must pass through
scanning equipment (e.g., bank checks) require a high degree of cleanliness and
appropriate ink receptivity to ensure precise character reproduction and accurate
scanning performance.28

                                                
     k In printing inks, tack is the property of cohesion between particles.  A tacky ink has high separation forces and
can cause surface picking (Bruno, 1992).
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The absence of stickies is also important to prevent damage to the paper machine.29

Stickies that remain in the final paper product may, over time, contaminate the
photoreceptor in a copy machine or the blanket of an offset press, and can cause holes
that lead to tears in paper on an offset press.

The factors that affect paper cleanliness are:  the type and quality of the fiber source, the
technology used in the deinking process, along with additional screening and cleaning
operations.  

11.  Electrical properties.  The electrical properties of paper determine how it responds
to an electrical charge, and how static electricity is dissipated from the sheet.  Electrical
properties affect the quality of the image transfer in copy machines and laser printers.30

If the sheet does not exhibit uniform electrical properties, the result can be uneven
application of toner on a page.  Electrical properties are affected by the smoothness of
the sheet, surface sizing agents, and changes in moisture content.31

12.  Permanence and reversion.  Permanence refers to the life expectancy of paper and
its resistance to becoming brittle.32  Reversion refers to the discoloration (yellowing) of
paper that may be caused by the presence of lignin or mechanical pulp.33 

13.  Brightness.  Brightness is a function of the amount of light a paper reflects in the
blue region of the UV spectrum at a wavelength of 457 nm.34  It determines color
intensity that is perceived by the human eye and affects the appearance of the printed
subject -- the degree of “snap” or “sparkle.”  Brightness also affects the degree of
contrastl and is important in multi-color printing.  In the United States, brightness is
typically expressed on a 0-100 scale, General Electric Brightness (GEB).

Brightness is often used as a tool for product differentiation by manufacturers.  Most
manufacturers agree that this practice and customer expectations have driven brightness
levels higher for many offset grades.35 

B. Attributes of Deinked Fibers and Their Impact on the Papermaking Process 

It has been said that papermaking is as much an art as a science.  The manufacture of a
sheet of paper that exhibits the specifications required for it to perform the functions for which it
was designed requires the careful balancing of many variables.  Those variables include the fiber
furnish, sizing agents and fillers, and process variables of forming and drying.36  Through its
research, the Task Force reviewed data on the differences between virgin and deinked fiber and
the properties of paper that can be affected by the use of deinked fiber in the furnish.  Paper
manufacturers make adjustments and compensate for the differences between deinked and virgin
fiber in a variety of ways in the papermaking process.  Many of the adjustments are made on the
paper machine and are analogous to adjustments made to respond to the different characteristics
                                                
     l Visually, contrast makes type stand out between paper and the printed image.
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of various virgin fiber species.  These steps have a cost impact, which the Task Force addresses
in White Paper No. 9.  

The deinking and repulping processes affect fiber in several ways.  First, deinking and
repulping break down the fiber and cause the loss of “fines,” or small bundles of fiber.  Second,
because deinked fiber has been previously dried, individual fibers may become hard, stiff and/or
weakened.  The change in fiber quality brought about by drying and retained after rewetting is
called “hornification.”37  Third, deinked fiber has reduced bonding ability, because it is less
flexible than virgin fiber and has less capacity to absorb water during the refining process.38  The
adjustments made by the papermaker are designed to compensate for these characteristics of
deinked fiber.  According to some experts, because of the hornification effects, the range of
adjustments possible may be more limited than for virgin fiber species.39  However, the
dispersion stage of the deinking process appears to reverse, to a degree, the hornification of the
deinked fibers.40

The chart in Appendix E identifies the attributes of deinked fiber that can affect the
sheet and contains examples of how paper manufacturers accommodate for differences in the
characteristics of virgin and deinked fibers.  By making these and other adjustments when
necessary in the papermaking process, suppliers can produce recycled-content papers that meet
the same specifications as virgin grades.  Indeed, all of the suppliers interviewed by the Task
Force stated that their recycled-content grades are produced to meet identical specifications for
such properties as moisture content, smoothness, opacity and strength as their comparable virgin
grades.41  The only exception for some grades is the specification for cleanliness, which some
suppliers say is a more difficult property to achieve when producing recycled-content paper.42

Some suppliers have a different cleanliness specification (e.g., dirt count) for recycled-content
paper.  Issues associated with cleanliness and contamination of deinked fiber are outlined in
Section II.C. below.  The two other specifications that manufacturers routinely meet, but which
they cite as challenges, are strength and brightness (in particular, achieving high brightness 90
and above).43

1. Strength 

Because of the reduced bonding ability of deinked fibers, a loss of tear strength may
occur.  Papermakers accommodate for this difference in virgin and deinked fibers through
refining and/or adding softwood fiber.44  However, strength is less critical to runability in copy
machines and other office equipment than for the end uses of publication grades examined in
White Paper No. 8.45  
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2. Brightness

To meet brightness specifications, manufacturers may have to make adjustments when
using postconsumer fiber.  Deinked pulp made from recovered office paper (the primary
component of postconsumer fiber in uncoated business papers) can be very close in
characteristics to that of virgin hardwood except for possibly lower brightness.46  Therefore, to
achieve brightness levels comparable to paper made with virgin hardwood or softwood kraft
fiber, the manufacturer must brighten the fiber by adding optical brighteners and/or fillers.47  To
some degree, these adjustments are analogous to what the papermaker does to enhance
brightness or adjust shade in virgin production.48  Some of the fillers added during papermaking
(e.g., fluorescent whitening agents (FWAs), calcium carbonate, and titanium dioxide) enhance
brightness.  The uses of these materials result in tradeoffs for which the papermaker must
compensate (e.g., calcium carbonate improves brightness but reduces opacity).  While fillers may
counteract certain attributes of recycled fiber, excess filler may affect strength properties.49

These steps have a cost impact and an impact on yield that the Task Force examines in White
Paper
No. 9.  Concerns exist that it will become more difficult to produce “high-brightness” paper if
pulp and paper manufacturers have to accept lower grades of recovered paper.50  

For the paper grades examined in this White Paper, an adequate brightness level is
important to achieve contrast and readability, but does not impact the runability of a sheet in
paper machines or office equipment.  There is little quantitative data available to indicate what
brightness level provides optimal readability.  Therefore, brightness is often an aesthetic choice
of the end user or a production decision of the paper manufacturer.  

Brightness levels for white offset printing papers typically range from 70 to 90.51  The
uncoated business grades examined in this White Paper generally range in brightness from the
mid-70s in business forms to the mid- and high-80s in reprographic and bond paper to the low-
and mid-90s in high-end business papers.m 52  There are uncoated, commodity-grade business
papers available today with 10-25% postconsumer content that meet the same brightness
specifications as their virgin counterparts at all but the highest brightness levels.53 

 Production data are not tabulated by brightness level, but two surveys indicate the
following trends.  A 1993 survey estimates that 60% of bond and writing papers (including copy
paper) are in the 83-84 brightness range; a 1992 survey estimated that 50% of these papers were
at 80-82 brightness and 50% were at 88-89 brightness.54  Bond and writing papers (including
copy paper) containing 10-25% postconsumer recycled content on the market meet these
brightness specifications.55  A survey of 1993 production indicates that high-brightness (90 and
above) business papers comprise less than 10% of the uncoated freesheet market, and very little
of it contains recycled-content paper.56

                                                
     m One major business use for these high-end papers is very bright, thin, sometimes opaque, paper used for
prospectuses for stock offerings.
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It should be noted that, while recycled-content paper grades meet the specifications (e.g.,
moisture, smoothness, caliper, basis weight and other parameters) of virgin paper grades,
currently some recycled-content papers may not perform as consistently as their virgin
counterparts, particularly with respect to problems caused by contamination.  The performance
of recycled-content papers is discussed in Section III.

C. Cleanliness, Contaminants and Quality of Postconsumer Fiber

Many industry experts state that a source of clean, uncontaminated, deinked
postconsumer fiber is the most critical factor in producing recycled-content papers that perform
consistently.57  A paper manufacturer’s access to clean, uncontaminated deinked fiber becomes
critical as the percentage of deinked fiber furnish increases in a given product.58   Following is a
description of certain contaminants that can impact the quality of recycled-content grades.   

1. Contaminants

Deinked fiber contains varying amounts and types of contaminants.  State-of-the-art
deinking technologies can remove most contaminants, though it is impossible to remove all of
them.  Experts have identified a suite of contaminants commonly found in deinked fiber that can
pose problems for the manufacturer of recycled-content paper.59  These contaminants include
dirt, ink, stickies, bright dyes, unbleached fibers and groundwood fibers. 

(a)  Dirt and ink

The deinking process disperses and removes dirt and other contaminants, ink and toner
using a variety of processes.  In general, dirt and ink are removed from the surface of the fiber
through the use of surfactants, heat and agitation.  Processes such as dispersion and kneading
break up the ink specks.  During the process, the contaminants are loosened from the surface of
the fibers.  They are then separated from the pulp by a flotation method.  Any substance that
remains after flotation can show up in the recycled sheet as specks.60  

Whether the specks are problematic depends on the end use of the product and
customer’ expectations.  For example, where numerical data are presented, specks can be
mistaken for decimal points and thereby pose a problem.  For other uses, customers actually look
for products that contain specks, as a means of “advertising” their organizations’ use of recycled-
content papers.61

(b)  Stickies

Common sources of stickies are plastics, hot-melt glues and pressure sensitive
adhesives.62  If stickies are not dispersed and/or removed during the deinking process, they can
cause problems during the paper manufacturing process and significantly degrade the quality of
the final product.63



13

In the papermaking process, the presence of these materials can disrupt the paper
formation process at the wet end by forming deposits on the wires, felts or drying drums.64

Recycled-content paper contaminated with stickies can contaminate the photoreceptor in copier
machines, make the paper susceptible to tears and hamper print quality through image deletions
or white spots on the printed page.65  

According to deinking experts, the most difficult contaminants to remove during
deinking are hot-melt glues and the polymeric adhesives used as pressure sensitive adhesives.66

The dispersion steps used to remove dirt, ink, toner and other contaminants from the fiber can
actually cause polymeric adhesives to lump together, rather than disperse.  Current deinking
technology cannot remove polymeric adhesives from the pulp.67  However, some experts state
that deinking technology is continuing to improve and has the potential, within the next three to
five years, to remove almost all stickies.68  Substantial research is currently being conducted to
develop repulpable pressure sensitive adhesives.69  Otherwise, the only effective way to deal
with polymeric adhesives today is to inspect the recovered paper stream to prevent the
introduction of the contaminants to the deinking process.  

One adhesives manufacturer, 3M, has developed a pressure sensitive adhesive for
 Post-it™ notes that can be dispersed during deinking.70

(c)  Color dyes/unbleached fibers

Bleaching/color stripping stages may be included in recycling processes.71  The purpose
of these stages is to remove color.  Vivid colors like goldenrod, deep red and deep green are very
difficult to remove.72   

The presence of unbleached kraft fibers (e.g., the backing of legal pads or paper sacks)
in deinked fiber lowers the overall brightness level of the pulp.  The unbleached fibers can stand
out in otherwise white paper.73  

(d)  Groundwood fibers

If papers with groundwood content are mixed with office (usually freesheet) recovered
paper used in making pulp, they can adversely impact the strength, cleanliness, brightness and
permanence of virgin or recycled-content paper.  In addition, as larger amounts of postconsumer
recovered paper are added to the furnish, it becomes more difficult to eliminate groundwood
pulp entirely because secondary fiber streams invariably contain some groundwood fiber.74  Of
particular importance to uncoated business papers is the effect of groundwood content on
brightness and cleanliness in deinked pulp.  For other end uses such as publication papers made
with coated groundwood (these grades are examined in White Paper No. 8), groundwood content
may be more acceptable because of lower brightness specifications.
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2. Variability among deinked fibers

Variability among batches of deinked fiber in terms of the types and extent of
contamination can pose problems for the paper manufacturer.  In addition, the species and ratio
of hardwood and softwood fibers present in recovered paper that becomes deinked fiber can
affect the pulp’s performance.75  This variability can pose significant challenges for the paper
manufacturer striving to make a product that exhibits consistent attributes from batch to batch.
Paper manufacturers express concern that variability will increase at postconsumer content levels
above 25% and/or as lower-quality recovered paper is used as a furnish.76

D. Postconsumer Fiber Content Levels 

Most recycled-content office papers on the market today contain deinked fiber with
10-25% postconsumer content.77  There are a few brands available with up to 100%
postconsumer content.  From discussions with paper suppliers and converters, it is clear that the
level of postconsumer fiber in any given paper product is not dictated by the inherent
characteristics of the fiber, nor by limitations in papermaking technology.  Indeed, several
suppliers are manufacturing high-quality papers with high postconsumer recycled content that
meet functional specifications.78  Rather, the amount of deinked fiber in various grades is driven
by (1) customer demand, (2) the papermaker’s expertise and experience, (3) the capability of the
mill manufacturing the paper (including its use of cleaning and screening equipment for the
removal of contaminants), and (4) the availability and cost of high-quality, deinked,
postconsumer fiber.79
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IV. PERFORMANCE OF RECYCLED-CONTENT BUSINESS PAPERS IN OFFICE 
EQUIPMENT

Despite the fact that recycled-content papers can meet the same specifications as virgin
paper, there is a perception among many paper purchasers that recycled-content paper does not
run in office machines and offset presses as consistently as virgin grades.  There have been few
rigorous, systematic runability tests of recycled-content papers.  Therefore, most of the
information in this section is descriptive in nature.  Performance evaluations of recycled-content
offset business papers are for the most part based on anecdotal experience, rather than extensive
runability tests.  
  

Although quantitative data is not available, some major equipment manufacturers and
dealers in copier equipment report that recent experience indicates that many recycled-content
papers at the 20-25% postconsumer level can perform comparably to virgin papers of similar
quality.80  Xerox has perhaps more experience than anyone else in running various brands of
recycled-content reprographic paper as part of its certification process for paper marketed under
its own brand label.  Xerox also keeps records of complaints and service requirements associated
with its office equipment, some of which are related to the paper run in copiers.  

Some manufacturers of office equipment report that the incidence of runability or jam
problems in machines seems to be associated with the “quality” of the recycled-content paper;
that is, some recycled papers will have higher jam rates, just as some virgin papers will have
higher jam rates.81  These manufacturers agree that the major difference between performance of
recycled-content and virgin papers is the potential presence of stickies.  If not dispersed or
removed in the deinking process, stickies can contaminate the photoreceptor over time.  This
problem does not typically alter the readability of the copy and may not be detectable by the
customer, but it is discernible by the technician.  Photoreceptor contamination can potentially
lead to premature failure of the component.82  
  

One of the Task Force members, The Prudential Insurance Company of America, has
participated in a runability test on recycled-content laser copy paper.  In conjunction with a
major paper supplier and an equipment manufacturer, The Prudential Services Company
conducted testing on a recycled-content laser copy paper (10% postconsumer content, 20 lb.) on
a roll-fed, high-speed Xerox 9790.  The companies worked with The Prudential to perform a
standard complement of tests normally associated with a competitive analysis.  The majority of
the tests focused on physical parameters and curl.  Among the physical properties, only cross-
direction stiffness was of concern, because the paper averaged below 1.00”.83  Overall, the
equipment company concluded that this recycled-content paper could be expected to perform
reasonably well in the machine.

Other data assembled by the Task Force on the runability in office equipment and offset
presses is found in Sections III.A.2,3 and 4.  The recycled-content paper referred to has
postconsumer levels of 10-25%, unless otherwise noted.     
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A. Functionality Issues for Recycled-content and Virgin Paper in Office Equipment  

The equipment in which uncoated office papers must perform includes low-, medium-
and high-speed copiers (monochrome and color),84 matrix and laser printers, ink-jet printers, and
offset printing presses.  Reprographic paper is designed to perform in all office machinery.
Business forms are designed to perform in offset print presses, other “impact” printing
equipment (i.e., typewriters) and “non-impact” printers (e.g., copy machines and laser printers).

1.  The reprographic process.

Virtually every source the Task Force conferred with stated that the
reprographic/xerographic process subjects paper to more stress than any other printing method.85

Therefore, a basic understanding of the reprographic process is helpful in understanding the
runability issues for reprographic paper.  The performance of reprographic equipment is a
function of (a) the design of the machine parts (e.g., the photoreceptor), (b) the formulation of
the toner, and (c) the characteristics of the paper used.86

In any type of copier, stress on the paper begins at the feeding stage.  Important
properties for the paper’s performance through the feeding stage include smoothness, sufficient
stiffness and absence of lint content.  Once fed into the copier, paper is transported via a system
of belts through the machine, charged by an electronic device, imprinted with toner, and
subjected to heat and pressure from a fuser.  The reprographic sheet is designed to withstand
heat, pressure, friction, cooling, mechanical “decurling,”n and contact with other parts of the
equipment (sorting bins and binders).  

A common problem that arises during transport in high-speed copiers is dusting or
linting.87  During transport, dusting can occur due to the intense vacuum pressure that holds the
paper over the belts, coupled with the speed and large volume of paper passing across belts and
rollers (referred to as “gates”).  Interestingly, low- or medium-speed machines often have more
gates for the paper to hit than do high-speed machines (e.g., 3-4 gates versus 2-3 gates); and the
paper path may be more convoluted in smaller machines compared to the relatively straight path
of the most advanced copiers.88  However, the speed and volume of paper moving through high-
speed copiers are likely to contribute to more dusting problems than are experienced with low-
and medium-speed copiers.89

Reprographic equipment can perform various finishing operations such as folding,
stapling, stitching, binding, punching and stacking.  The properties that are important for
runability in these operations include stiffness, surface strength, smoothness and moisture
content.  

                                                
     n Some machines have decurlers whose mechanical action bends or indents the paper to break the curl.
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Color copiers also present challenges to paper durability and performance.  This is due
largely to the demands of the four-pass process, which subjects the paper to toner four times.
The most common runability problem arising from the four-pass process in color copiers is
curl.90

2. Electronic and ink-jet printers

Most manufacturers indicate that paper produced to meet the functional specifications of
the reprographic process generally performs well in electronic (laser) and ink-jet printers.  

The mechanics of the electronic (laser) printing process are similar to reprographics:  An
electrical charge is applied to the paper, and toner is fused on the paper by heat.  Mechanically,
laser printers are fairly simple when compared to the technology of high-speed copiers; they
have shorter paper paths and fewer belts and rollers.  Runability problems in laser printers are
usually not related to paper or paper construction.  Rather, of central concern is the ability of the
printer to fuse a high-quality image onto the paper.  For example, on a laser printer’s first run of
the day, the image will often be blurry, because the machine has not generated sufficient heat in
the fusing system.91  

There are several types of ink-jet printers, classified according to the way the droplet of
liquid (combination of ink, water and fountain solution) is applied to the paper.92  The most
common type is the “bubble jet.”  Ink-jet printers have fewer moving parts than copiers; and
color can be applied in a single pass.93  The most common problems associated with ink-jet
printers are related to print quality -- intercolor bleed, show-through and “feathering.”o  The most
common runability problem is cockle.  In manufacturing, paper is dried in tension; the liquid in
the ink-jet printer releases the tension between fibers, which can cause cockle.  In many cases,
these problems are addressed by the use of internal and surface sizing.94  Other process
adjustments may also be required.

3. Runability issues:  Reprographic equipment and electronic printers

For reprographic machines, color copiers and laser and ink-jet printers, the following
runability issues exist:

(a)  Machine jams.  Jams are usually caused by curl and/or cockle, characteristics that
are affected by the sheet’s dimensional stability, moisture content and electrical
properties.  In particular, “output curl”p can contribute to jams because it is produced in

                                                
     o Intercolor bleed occurs as the different colors of ink dry.  It is related more to the composition of the ink than to
the paper.  Feathering occurs when the ink disperses across the paper’s fibers instead of “setting up” on the paper
surface (Bruno, 1992).

     p “Output curl” is a result of an interaction of the heating in the fuser with the paper’s structure and moisture
content.  Curl that is built into the paper as packaged is called “as-packaged curl” (Green, p. 11, 1994).
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the fuser and affects whether curl is toward or away from the image (printed) side of the
paper.95  Dust buildup on the photosensor (sheet detector) can also contribute to machine
stoppages.96  

Some sources have stated that recycled-content paper jams more frequently than virgin
paper.  Other sources contend that comparable grades of recycled-content paper and
virgin paper perform equally well in office equipment.97  The majority of sources from
the pulp and paper and equipment industries interviewed by the Task Force indicate that
a higher incidence of jamming cannot be attributed to the use of recycled-content
paper.98  The majority of jams while using recycled-content paper are not directly
attributable to recycled fiber.99  Rather, jams are a function of four factors:  (i) auto-
duplexing, (ii) the speed and condition of the equipment, (iii) the quality level of the
paper (e.g., expertise of the manufacturer to produce a satisfactory reprographic grade),
and (iv) operator errors.100

More jams occur during auto-duplexing than during single-sided copying, regardless of
whether recycled-content paper or virgin paper is being used.101  The causes of jams
during duplexing are excessive curl and a buildup of static electricity.102  The physical
properties of the paper play an important role in duplex performance.  The most
important paper properties for duplexing are proper moisture content, electrical
properties, adequate strength and flatness.103

To some degree, the incidence of jams may be correlated to machine speed and to high-
volume copying.  Contrary to common perception, the customer is more likely to
encounter problems when running large volumes on a low- or medium-speed machine
than on a high-speed machine.104  Various reasons cited by experts include:  (i) the less
robust design of low-speed machines (e.g., these machines often have more convoluted
paper paths and are designed to handle low volume), (ii) the susceptibility of paper to
moisture changes due to the fact that paper often sits in paper trays for longer periods of
time in low-speed copiers than in high-speed machines, and (iii) the tendency to overtax
low- and medium-speed machines.105

Experts report that high-speed machines generally have the best performance records,
due to the presence of trained personnel operators, more refined technology, the use of
high-quality paper grades, and rapid turnover of paper (paper does not sit on the tray for
long).106  High-speed copiers are designed to run faster and to handle large volumes of
paper.  Some jamming incidents will occur, however, due to the large volume of paper
going through the copiers.107

(b)  Print quality.  Image deletion and “drop-out”q can interfere with print quality.
Image deletion and drop-out are caused by linting or dusting of paper fragments and
fines onto the photoreceptor in copiers.108  In addition, cockle in the paper can hamper

                                                
     q “Drop-out” occurs when portions of the originals do not reproduce, especially colored lines or background
areas (Bruno, 1992 p 193).



19

good photoreceptor contact and can thereby, also cause image deletion.  Specks or dirt
particles in the sheet can create a problem for electronic scanning devices, or for the
paper’s presentation of numerical information.  Finally, a paper’s tendency to induce
feathering of inks can impact the print quality for ink-jet printers.109

Within the last few years, the degree of linting on recycled-content paper has decreased
substantially.110  Therefore, currently there are few problems reported with image
deletion and drop-out that are attributed to recycled-content paper.

(c)  Machine contamination.  The accumulation of dust or particles that are shed in the
equipment can require more frequent cleaning and can cause abrasion to equipment
parts.  Over time, dust and stickies may also damage the photoreceptor in reprographic
equipment.111  At postconsumer content levels of 10-25%, contamination from stickies
can affect the photoreceptor, potentially leading to premature failure of this
component.112  This problem occurs slowly and incrementally over time.  It does not
necessarily affect the readability of the machine’s copies and while it may not be
detected by a customer; it is always discernible by a technician.113

Machine contamination caused by the lint content of recycled-content paper was noted
by numerous copy machine operators several years ago.114  Recent experiences with
recycled-content paper reveal fewer incidents of serious lint contamination.115

(d)  Curl in color copiers.  Paper is more susceptible to curl in color copiers because it
is subjected to toner four times.  The amount of sheet curl is directly proportional to the
amount of toner placed on the paper.116  When toner cools down from its molten state, it
contracts.  Simultaneously, the paper is subjected to high temperatures, which can drive
off as much as 50% of its moisture.117  When paper cools and regains normal
temperature, it reabsorbs moisture and expands.  These repeated expansion and
contraction cycles that occur in most color copiers affect a paper’s moisture content, thus
impacting image curl.118

There is no evidence that suggests that recycled-content paper curls more readily in
color copiers than does virgin paper.  In addition, the Task Force is not aware of any
recycled-content reprographic paper designed specifically for color copiers.     

4. Runability Issues:  Offset presses  

The offset printing process demands that paper withstand the tensions of the rollers, the
pressure of the blanket, the tack of the ink, the moisture added with the application of fountain
solution, and heat that may be applied during the drying phase.
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In offset presses, the following runability issues exist:

(a)  Machine stoppage.  The moisture of fountain solution used in the offset printing
process can reduce the sheet’s strength and even cause the paper to tear, resulting in
production downtime.119  Variations in the stiffness or caliper of the paper can also
hinder the transfer of the sheet through the press and subsequent converting operations
(e.g., folding and cutting).120  For offset printers, envelope converters and forms
converters, performance problems can occur due to inconsistencies between rolls of
paper, whether virgin or recycled-content.  For example, there may be physical
differences from roll to roll, such as edge damage that require press adjustments during a
press run.  According to printers, these problems can occur in virgin or recycled-content
papers.  When using recycled-content paper, some offset printers have stated that the
most common source of press stoppage stems from inconsistencies between rolls and
within rolls, which can result in production downtime and increased cost.121  Paper
manufacturers express concern that variability may increase at postconsumer levels
above 25% and/or as lower-quality recovered paper is used as a furnish.122  Therefore,
manufacturers are concerned that an increase in variability could result in
inconsistencies from roll to roll.

  
Most users report that many recycled-content offset business papers perform well in
press operations.123  In general, printers reported no significant differences in runability
between comparable virgin and recycled-content papers.124  Some printers interviewed
by the Task Force stated that press operators may slow down the speed of the press to
compensate for what they perceive to be decreased strength.125  

(b)  Print quality.  Image deletion can occur if linting and picking contaminate the
blanket.  The variation in caliper of sheet-fed or continuous rolls of paper can also
hinder the transfer of the image from the blanket to the sheet.  Printers and suppliers
report that the degree of linting from recycled-content paper has decreased substantially
in the last few years.126  Therefore, the printers whom the Task Force interviewed do not
consider image deletion to be a substantial concern when using recycled-content offset
papers.127

Paper manufacturers indicate that the dust sometimes associated with groundwood-based
business forms is not related to the use of recycled-content papers, but rather to the
nature of groundwood’s shorter fibers.128  Slitter and “perf” (perforation) dust are
common types of dust that occur with groundwood-based forms.  The paper
manufacturer and converter can make process adjustments such as improved slitter
blades, web vacuums , and punches to reduce the dust sometimes associated with
groundwood content used in many business forms.129  
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B. Process Adjustments by Equipment Manufacturers, Converters and Printers  

In the last few years, many equipment manufacturers have modified their products to
improve machine performance.  These changes should improve the runability of both recycled
and virgin grades of paper in the future.130    

1. Reprographic machines  

For reprographic equipment, changes adopted by the office-equipment manufacturing
industry include:

(a)  New technology that uses pockets of air and/or a vacuum transport system to move
the paper through the machine alleviates some of the friction that the paper was formerly
subjected to by the system of belts.131

(b)  In some copiers, the switch in the charging area from corona wires to pins has
enabled the electrical charge to be more evenly distributed across the paper.  The change
has somewhat lessened the importance of the uniformity of the sheet surface.132

(c)  The development of a “transfer assist blade” has reduced duplex image deletions.133

(d)  A new vacuum technology has been developed to reduce dust and lint accumulation
in the machine.134

(e)  A vertical transport modification aids in the dissipation of the electrical charge.135

(f)  A technology is being developed to enable the cleaning of the photoreceptor by a
cleaning blade.136

(g)  Customers are taking steps to “manage” the stresses of color copying.  First, the
current practice is for purchasers to buy high-quality paper (virgin or recycled) for use in
color copiers.  Second, purchasers are more closely managing their purchasing; for
example, they conduct thorough research as to which papers work well in the machines,
and provide more detailed paper specifications on every parameter to their suppliers.137

2. Offset presses  

Offset printers can make certain adjustments to compensate for any differences they may
observe in recycled and virgin grades of paper.  The adjustments commonly made by printers
include adjusting the speed of the press, and changing the composition of and/or quantity of ink
and fountain solution used.138
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V. FUTURE TRENDS IN EQUIPMENT AND THE IMPACT ON RECYCLED 
PAPER USE  

Equipment manufacturers indicate that office-equipment technology continues to evolve
rapidly toward (1) machines with increased speed and throughput capacity, (2) increased use of
color, and (3) machines with more advanced consumer-processing capability (e.g., book binding
and self-mailers).  According to some people in the printing industry, the demand for waterless
printing is rising.  These developments and trends will affect performance requirements for both
virgin and recycled-content papers.  For example, as copiers evolve toward higher speeds and
volumes, dusting problems are likely to continue.  However, these same copiers are designed
with more robust paper handling systems, which results in fewer transport jams.139 

Some examples of trends in equipment development and how they may affect paper
performance are listed below:

1.  The trend to faster copy machines has two major impacts on paper:  The transport
process is faster and can handle large volumes, and the fuser dwell time is shorter but the
heat more intense.  The paper will continue to be subjected to significant stress.

2.   The trend toward increased duplexing requires paper that can withstand the stresses
that duplexing causes.  Equipment manufacturers are working to refine duplexing
technology and so reduce jam rates.

3.  More automated post-processing operations will require paper to be uniform in
stiffness and flatness, even after it has passed through printing equipment or office
machines.140

4.  The increased use of color copiers means more market demand for paper that can
withstand the specific demands of the machines and for high-quality grades of virgin and
recycled-content paper.  Machine manufacturers are also working to develop a high-
speed color copier.

5.  Both papermakers and equipment manufacturers indicate that their machines and
processes must evolve to handle a greater variety of dirt and contaminants.  This is due
to the variability in quality of recovered paper.  From a functionality perspective, four
factors are driving the manufacturer to handle higher volumes of marginal-quality
recovered paper to make recycled-content paper:  (a) the increasing market demand for
recycled-content paper, (b) the availability and price of high-quality recovered paper, (c)
customer expectations that a given grade of uncoated business paper will perform
multiple purposes and be used in various types of equipment,141 and (d) the inadequacies
of current recovered paper-sorting technologies and methods.
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6.  The waterless printing technique in offset printing can produce a higher-quality
image and will be amenable to recycled paper because there is less moisture inherent in
the process.142

7.  Much of the research in electronic printer technology focuses on making the fusing
process more permanent and precise, reducing smudging.143
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APPENDIX A

PANEL ON FUNCTIONALITY REQUIREMENTS
 FOR UNCOATED BUSINESS PAPERS 

AND EFFECTS OF INCORPORATING DEINKED POSTCONSUMER FIBER

On July 27, 1994, the Paper Task Force held a panel of experts to discuss the topic
“Functionality Requirements for Uncoated Business Papers and Effects of Incorporating
Deinked Postconsumer Fiber.”  The members of the panel were:

Carol Butler, Business Manager, Reprographic Papers, International Paper

Gary Chapin, Technical Specialist, Paper Design and Quality Group, Xerox Corporation

Jobe Morrison, President, Miami Mill, Cross Pointe Paper Corporation

Kevin Nuernberger, Director, Business and Product Development, Moore Business Forms

Steve Semenchuk, Vice President, Sales and Technical Service, Superior Recycled Fiber
Corporation
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APPENDIX B

LIST OF EXPERT REVIEWERS

The following individuals or companies were asked to review Issue Paper No. 1 and/or
White Paper No. 1.  These papers were written by the Paper Task Force as part of its research on
the “Functionality Requirements for Uncoated Business Papers and Effects of Incorporating
Postconsumer Fiber.”

This White Paper is the product of and sole responsibility of the Paper Task Force.
Acknowledgment of the parties listed below does not imply their endorsement of this paper.

American Forest & Paper Association*

Canon Corporation

Champion International Paper Company*

Copytex Corporation

Craftsman Printing Company*

Cross Pointe Paper Corporation*/**

Fox River Fiber

Grass Roots Press

Charles Green

John A. Heitmann, Jr., Ph.D.*

International Paper Company*/**

Jordan Graphics

Moore Business Forms**

Superior Recycled Fiber Corporation**

Union Camp Corporation*

Weyerhaeuser Paper Company*

Xerox Corporation*/**

*   The reviewer sent written comments to the Paper Task Force. 
** The reviewer made a presentation to the Paper Task Force as part of the panel.
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APPENDIX C

U.S. SHIPMENTS OF MAJOR GRADES OF PRINTING AND WRITING PAPER 1992r

1,000’s of
short tons

Uncoated groundwood paper 1,609

Coated printing and converting paper 8,119
 - Coated groundwood (over 10% groundwood) 4,364
 - Coated freesheet (10% groundwood or less) 3,755

Uncoated freesheet (10% groundwood or less) 12,170
 - Bond and writing paper 3,565
 - Form bonds 2,079
 - Body stock for communication and copying 739
 - Offset printing paper 2,823
 - Cover and text papers 471
 - Envelope (white wove) 1,016
 - Other uncoated freesheet 1,477

Bleached bristols 1,163

Cotton-fiber and thin papers 334

Total  23,395

                                                
     r 1994 North American Pulp & Paper Factbook, Miller Freeman, 1993, p. 133.
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APPENDIX D

SAMPLE
KEY SPECIFICATIONS FOR REPROGRAPHIC PAPERS

PAPER
PROPERTY

TARGET
SPECIFICATION

Strength

Mullen

Tear MD

CD

22 - 30psis

45 - 75gft

50 - 85gf

Stiffness 120 - 175 Taber

Opacity 85 - 89

Smoothness 140 ± 40 Sheffield

Moisture content 4.2-5.5%

Curl -.50 - .50lbf/sq-inu

Basis weight 20 lb.

Caliper 3.8 - 4.2 mils

Wax pick 11 - 20

Permanence Alkaline
or

pH 5.5 minimum

                                                
     s psi = pounds pressure per square inch

     t gf =  grams-force

     u lbf/in =  pounds-force per square inch
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APPENDIX E

ATTRIBUTES AFFECTED BY USE OF
DEINKED FIBER AND PROCESS ADJUSTMENTS

ATTRIBUTE IMPACT PROCESS ADJUSTMENT

Strength: In comparison to virgin kraft, deinked
fibers have reduced bonding ability
during sheet formation because they tend
to be stiffer and have less area available
for bonding.  Reduced bonding ability
may lead to a loss in tear strength.144

Addition of softwood fiber and further
refining during the papermaking
process.145  Note: The amount of
softwood that can be added may be
limited because its inclusion affects other
properties such as smoothness and
formation.146

Stiffness: Deinked fibers may produce a recycled-
content sheet that is less stiff than a virgin
sheet due to the deinked fibers’ reduced
bonding ability.147

Use of less filler (more fiber) in the pulp
and/or the addition of more softwood
fiber to increase bonding.148  Note:  The
addition of fillers also affects other
properties of the sheet.

Dimensional
stability:

In comparison to groundwood-containing
grades, deinked pulps made from old
newspapers and magazines may improve
dimensional stability due to the hydration
and refining that the deinked fiber has
undergone.  This allows the fiber to bond
in more places and improves stability of
the sheet.149

Some manufacturers state that deinked
fibers in a sheet may not react uniformly
when exposed to moisture and may
adversely affect dimensional stability.150

Built-in curl and precise fiber orientation,
differential drying, and converting curl
are processes the papermaker can use to
develop dimensional stability.151

Opacity: Deinked fibers made from old
newspapers and magazines are more
opaque than virgin hardwood and
softwood fibers.  In general, the presence
of material in a web that results in
scattering more light will make the sheet
more opaque (for example, dirt may
sometimes perform this function).152

Deinked fibers’ increased opacity does
not pose challenges for which the
papermaker must make process
adjustment.153  In fact, less filler may be
required.
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ATTRIBUTE IMPACT PROCESS ADJUSTMENT

Brightness: Deinked pulps are generally not as bright
as virgin hardwood and softwood pulps at
maximum brightness; the type of deinked
pulp used determines the degree of
brightness loss.  For example, it is easier
to achieve comparable brightness with
deinked office recovered paper than with
deinked magazines and newspaper.
Substituting deinked office recovered
paper pulp for groundwood pulp will also
increase brightness.

The papermaker may brighten the fiber,
by adding optical brighteners and fillers
and/or virgin fiber.  Note:  The use of
these fillers may affect other properties.

Smoothness: Paper made with deinked fiber can
undergo more calendering than virgin
paper, because the bulkier deinked fiber
stands up to the process.

In addition, deinked fiber’s shorter length
enables it to fill in gaps on the sheet
surface, contributing to smoothness.154

May allow the papermaker to use more
calendering if desired; this property does
not pose challenges for which the
papermaker must make process
adjustment.155  It should be noted that
extensive calendering can have
detrimental effects on other properties
such as strength.156

Linting: Two characteristics of deinked fiber can
lead to increased linting.

1. The reduced bonding ability of the
deinked fiber can cause more fibers to
become loose.

2. The stiffness of deinked fibers can
cause them to stick up on the surface of
the sheet and be shed more easily.157

Better surface sizing and the addition of
softwood fiber.158  Note:  The increased
use of softwood can affect other
properties. 

Cleanliness: The presence of dirt and stickies in
deinked fiber can result in specks on the
sheet or contaminants in paper machines,
copiers and offset equipment.159

Additional screening and cleaning and
better sourcing of recovered paper.160

Variability of
deinked pulp:

Because of the inherent variability in
recovered paper sources used for deinked
fiber, papermakers must make
adjustments to deal with a range of
differences in the fiber source.  The result
can be a product that is more variable in
quality from machine run to machine run
than its virgin counterpart.161

Better sourcing of recovered paper, better
sorting and inspection of supplies, and
improved handling techniques.162
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