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This book is named The World of Market Pulp because
it is the intention of the authors to provide a
comprehensive work detailing every aspect of

market pulp — dealing first with the individual fibers and
their specific construction, through the physical and
aesthetic laboratory evaluation of each pulp and proceeding
to the practical aspects of each pulp’s most appropriate end-
use application(s).

Another motive in choosing the title was to emphasize
the global aspect of the market pulp industry. It is indeed
worldwide, since market pulp is currently being produced
in over 20 countries in all parts of the world.

Traditional market pulp powerhouses such as Canada,
the United States, Finland and Sweden have been joined by
relative newcomers like Brazil, Chile and Indonesia. These
newcomers have three advantages not universally enjoyed
by the others: (1) newer equipment utilizing the latest
technology; (2) plantation-grown trees; and (3) single
species pulps possessing highly regarded attributes for some
specialized products.

Market pulps also are currently being produced in
Russia, Poland,Austria, Germany, Finland, Sweden, Norway,
France, Portugal, Spain, Morocco, Canada, the USA,
Argentina, Brazil, Chile, South Africa, Swaziland,Thailand,
Indonesia and New Zealand. It is expected that Australia
will join this number within the next few years.

W H A T  I S  M A R K E T  P U L P ?
The commonly accepted definition of market pulp is that it
is any one of a variety of pulps produced in one location,
dried, securely wrapped (in almost all cases) and then
shipped to another location for further processing. This
pulp can be bleached or unbleached, hardwood or
softwood, chemically cooked, mechanical or high-yield
chemithermomechanical (often called CTMP or BCTMP),
fully dried to 100% Air Dry or wet lap (50% moisture –
60% Air Dry), virgin fiber or recycled fiber from post-
consumer-waste (MDIP).

Any of these products can be delivered to the customer
in a variety of forms:

a. Sheeted bales that measure approximately 27'' to 32''
wide x 35'' to 37'' long x 17'' to 18'' high. These bales are
carefully controlled to weigh 250 kg.

b. Flash-dried bales that are less densely pressed and
which weigh only about 195-200 kg. Note: Both sheeted

bales and flash-dried bales are unitized for overseas
shipments. A unit consists of 8 bales securely wire-tied
with 7 or 8 strands of heavy steel wire. Eight bales of
sheeted pulp typically weigh 2 metric tons. A unit of flash-
dried bales weighs considerably less because of their less
dense compression.

c. Rolls that measure as little as 7'' in width (feminine
hygiene products) but can be as wide as 55''. These rolls
often (but not always) measure 58'' to 60'' in diameter.

d. Wet lap skids/pallets of very thick sheets that are
50% moisture.

The exact size of sheets in bales often varies slightly
among producers but is always maintained within certain
prescribed parameters. The determining factor for the size
of the bales is the overall dimensions of the hold in the
huge dedicated vessels designed to carry pulp. The size of
the eight-bale units must be such that they fit tightly in the
hold. If they are too large, the stevedores won’t be able to
fit the required number of units in each direction and if too
small, the sides of the units will chafe. This chafing causes
the wrappers to become scuffed off in transit.

C O M M O N  P U L P  F O R M S     
100% Air Dry. This is the term for pulp that is dried to
approximately 10% moisture. This pulp commonly goes to
market in the form of sheeted bales weighing 250 kg,
wrapped with a repulpable wrapper usually of the same
grade pulp and secured with 2 or 4 steel wires. When
exported, eight bales are secured with six or seven strands of
heavier steel wire creating a “unit” weighing approximately
2 metric tons (2200 lbs. = 1 metric ton).
Roll (or Reel) Pulp. The most common grade is fluff
pulp for diapers, adult briefs, incontinent pads and feminine
hygiene products. Most non-traditional uses for market
pulps are shipped in rolls (reels) and often go through a
comminution process to shred, cut or defiber the pulp. In
most cases roll pulp is drier than baled pulp, often being
dried down to as little as 5% or 6% moisture.
Air Dry Allowance. Since the mid 1940s it has been an
accepted industry standard to invoice customers for an
inherent 10% moisture in the pulp. This is known as 100%
Air Dry. A metric ton of pulp therefore is only about 2000
lbs. of pulp, the other 200 lbs. being water. This 10% water
is necessary to minimize the fiber-to-fiber bonding within
the pulp sheet and to permit the pulp to disperse quickly
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In this chapter the various grades of market pulp are
discussed, with an elaboration on their distinctive
features and distinguishing attributes. Since these pulps

are generated in more than 20 countries, links to the
appropriate country and regional maps have been provided.
In addition, please see the Market Pulp Atlas in Chapter 7 for
additional information.

I.  Northern Bleached Softwood
Kraft (NBSK)
This grade is, by far, the most diverse of all the market pulp
categories. Its diversity can be traced to three root causes:
climate, geography and the fiber species’ morphology.

Climate. A good contrast in climate effects is found in
the cedar, Douglas-fir, hemlock, larch and spruce trees that
grow along the coastal region of British Columbia, which
benefit from an almost year-around growing season due to
the mild climate caused by the Japanese equatorial current.
The old growth trees here have been known to have longer
fiber lengths and larger diameters than anywhere else in the
world (with the exception of California redwood).

At the other end of the spectrum are the pine, spruce
and larch trees that grow in northern Siberia, where the
growing season is as short as four months and the winters
are extremely harsh. These fibers tend to be somewhat
shorter and thinner than those found in NBSK pulps from
Europe or Canada.

Geography. The eastern slope of the Rockies, with
elevations reaching 10,000 feet, has been called the most
hostile growing area in North America, with wintertime
temperatures of -40°C, only 13'' of annual rainfall and only
a thin layer of topsoil from which to draw nutrients. The
trees on these slopes grow in spite of the environment
rather than because of it and, in so doing, develop fibers
with extremely high tensile strengths.

Morphology. Fiber species also differentiates one
NBSK pulp from another. Cedar and Douglas-fir are two
of the best examples.

In cedar’s case, fiber walls are very thin, giving it a very
low specific gravity of 0.28. Douglas-fir, growing alongside
the cedar trees in coastal British Columbia, has the thickest
fiber walls of any northern conifer, giving the wood a
specific gravity of 0.54. Only (southern US) slash pine’s
0.56 is higher.

C O A S T A L  B R I T I S H  C O L U M B I A
The species of trees in this region include Douglas-fir,
cedar, hemlock, larch, Sitka spruce and white spruce. The
old-growth trees, especially hemlock, display marked
differences from second-growth trees. Hemlock fiber’s wall
thickness, for example, in second growth trees is
considerably thicker than in old growth. Environmentalists
have been very active over the past two decades in greatly
reducing (and almost eliminating) all logging of old-growth
and rain forests. In some cases this has required the pulp
mills to extend their logging operations farther and farther
from the mill site and to purchase chips from distant
sawmills. As a consequence, the pulp mills in B.C. have
some of the highest wood costs in the world. The
considerable diversity between cedar and Douglas-fir has
caused the coastal pulp mills to segregate these two species
and to create two different pulp grades. Cedar has long
been a favorite of papermakers who require high fold
properties and a pulp with a prompt response to refining.
In both cases, cedar excels. Douglas-fir fiber, with its higher
bulk and openness, has been used in toweling and some
latex saturating applications. More recently, though, it has
come to be specified by those customers producing cement
products because of its high zero span tensile strength and
exceptional reinforcing properties. Hemlock, lacking the
properties that have made cedar and Douglas-fir popular,
has been used successfully in the production of dissolving
pulps for rayon viscose.

With the cost of rail transportation making shipments
to eastern Canada and the US almost prohibitive, the coastal
B.C. mills have chosen to find markets best served by sea.
Attractive ocean freight rates helped these mills develop
extensive markets in all the Pacific Rim countries. In 2004
it was possible to ship to Japan, Korea and China for as little
as US$35-40/mt. And, on top of this, container rates for a
while were even lower when the supply of empty
containers became a pressing problem. Unfortunately, this
proved to be only a temporary situation.

I N T E R I O R  B R I T I S H  C O L U M B I A ( T H E
M A C K E N Z I E  V A L L E Y )
This long valley runs the length of the province between the
coastal range to the east and the Rockies to the west. The
region is populated by a great many species of conifers as
well as by aspen trees (about 5% of the total). The major
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A P P L I C A T I O N S  O F  P U L P  F O R
P A P E R M A K I N G
Most papers are made from a combination of long-fiber
softwood and short-fiber hardwood pulps. Within the
softwood pulps there are primarily two types, northern and
southern. Southern pulps are mostly produced from
southern pines and radiata pine (which is actually a
transplanted northern pine, Monterrey pine). Northern
softwood pulps are produced from a wider variety of species
(northern pines, spruces, firs, hemlocks, cedars, Douglas-fir
and larches). Northern pulps constitute a major part of the
world of market pulp and serve, in the following discussion,
to illustrate many of the aspects of pulp applications for
papermaking. Hardwood pulps are from a much more
diverse group of species as is illustrated below.

A third pulp category is the high yield BCTMP, which
has its own unique balance of properties for both hardwood
and softwood species.

Northern bleached softwood kraft (NBSK) market
pulps are used primarily as reinforcement fiber in paper
grades such as newsprint, supercalendered (SC), coated
mechanical fiber (LWC, MWC and HWC), coated
freesheet, specialties and tissue, towel and napkin. NBSK
pulps are used at levels ranging from as low as a few
percentages in some newsprint to approximately 35% in the
ultra lightweight coated (ULWC) papers, coated freesheet
and tissue, towel and napkin grades, and up to 100% in
some specialty grades. NBSK provides a long, strong fiber
network to increase wet web strength and runnability on
the paper machine, printing press and other converting
operations.

The wood species used in bleached hardwood kraft
(BHK) market pulps range from 100% aspen, maple or
birch to mixed northern or southern hardwoods and 100%
eucalyptus. BHK pulps are used primarily for their ability
to provide better formation, smoother surfaces, finer pore
structures and higher opacity. In tissue and napkins, they
provide softness and a velvety surface feel. They are used in
most paper grades, except mechanical fiber papers, at levels
that range up to 100%, but they are more typically 50% to
80% of the fiber furnish. Since market pulps are classified
into various categories based on the type of fiber, pulping
process and degree of bleaching, this often leads to pulps in
a category (NBSK, for example) being treated as a
commodity. On closer examination of the properties of the

NBSK pulp category in the Market Pulp Atlas (Chapter 7);
however, one finds that there is considerable difference in
fiber morphology and performance capabilities. This
provides an example of how improved performance and
reduced cost may be realized from proper analysis of market
pulp characteristics.

D I F F E R E N C E S  I N  P U L P  P R O P E R T I E S
Figure 3-1 shows that refining energy is as much as 70%
less for the best pulp to reach the same intermediate level of
tensile breaking length (8 km). At that tensile, even when
Atlas Pulp No. 6 (a sawdust containing pulp) is excluded,
tear values can be as a much as 67% higher (see Figure 3-2),
bulk 10% higher and freeness nearly 35% higher for the
highest versus the lowest (see Figure 3-3). The fiber strength
is 25.9% higher for the strongest fiber NBSK pulps
compared to the lowest.

In the area of fiber morphology, the longest average
fiber length pulp can be 37% longer than the shortest.
Coarseness of the finest fiber pulp is 32% lower than the
coarsest. The ratio of coarseness to fiber length, a key
predictor of reinforcement potential, is nearly 50% better
for the lowest ratio compared to the highest, even if we
exclude Atlas Pulps No. 6 and No. 12, a flash-dried NBSK
(see Figure 3-4). Depending on the particular paper grade
and process capabilities, as this information indicates, it is
possible to make significant improvements in product
performance by selecting the best NBSK from the
commodity pulps available in the marketplace.

While NBSK is a large and fairly diverse pulp group,
there are similar relative differences in fiber morphology
and performance capabilities within most commodity pulp
groups. The broad and narrower pulp groups that make up
the bleached hardwood chemical pulp category will be
examined later in a look at hardwood pulp for coated
freesheet papers.

P R I N T I N G  A N D  W R I T I N G  P A P E R S

Uncoated and Coated Mechanical Pulp Papers
Mechanical printing papers range from low-cost uncoated
grades of newsprint and machine finished specialties (MFS)
to supercalendered (SC, SC-A, –B, -C) and coated grades of
ultra lightweight (ULWC), lightweight (LWC) and medium
and heavy weight (MWC and HWC), respectively. These
paper grades are made primarily from mechanical pulps
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Part I: What Affects the Quality of
Market Pulps?

In previous chapters the wide variety and range of pulps
available in the market were presented. This chapter
examines key pulp characteristics, primarily from the

perspective of what influences the morphology of the
fibers. Among the most obvious of these influences are the
species of the trees or nonwood plants that are processed
into pulp.

A major part of this chapter is devoted to the
morphology differences among wood fibers. The reasons
for this are two fold. First, wood fibers are far and away the
dominant source of fiber for market pulp, and, second,
morphology is determinant as far as paper structure is
concerned. Beyond considering pulp in broad commodity
classes (NBSK, NBHK, etc.), the paper industry has given
morphology little consideration.

This section will review the many facets of fiber
morphology that control the papermaking potential of a
pulp and determine the stability of that potential over time.
After the morphology discussion, some of the process
variables that are the keys to realizing the performance
inherent in the wood fibers will be highlighted.

I N F L U E N C E  O F  T R E E  A N D  N O N W O O D
P L A N T  S P E C I E S :  F I B E R  P O P U L A T I O N
By far the biggest factor in a market pulp’s qualities is
whether hardwood or softwood was used to produce the
pulp. The huge difference between these two major groups
is best illustrated by the consistent difference in their fiber
populations.

As Figure 4-1 shows, fines-free softwood market pulps
range from 2.3 to 5.2 million fibers/g, while fines-free
hardwoods range from 9.8 to 27.6 million fibers/g. This
fundamental difference can be visualized by considering
that for every fiber in a sheet of paper made from softwood
pulp, there would be, on average, five fibers if the paper was
made from hardwood pulp.

SEMs of the surface of handsheets made from an
NBSK,Atlas Pulp No. 8, and a flash-dried BEK,Atlas Pulp
No. 36 (Figure 4-2A, right top, and Figure 4-2B, right
bottom, respectively) further support this picture.

Given the sharp difference in the paper structure that
these two groups of pulp produce, it is not hard to
understand why most papers are made from a mixture of
hardwood and softwood pulps.

F I B E R  L E N G T H
These population patterns result from consistent differences
in fiber length and coarseness. In both of these measures of
fiber morphology there is a distinct separation. The average
length-weighted fiber length (Lw) of the softwood chemical
pulps in Figure 4-3 range from 1.8 to 2.7mm, while the
shorter hardwoods range from 0.58 to 1.1 mm. These data
show that softwoods are, on average, approximately 2.5
times longer than hardwood fibers. The implications of
these differences for the strength of paper are discussed in

60 /  The World of Market Pulp
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Chapter 5: How to Evaluate Market
Pulps

86 /  The World of Market Pulp

This chapter focuses on the process of evaluating pulp
in general and market pulp in particular. It is
common for the evaluation process to be either

minimal, or excessive to the point that it includes a refiner
curve (obtained by at least one of several methods) with
handsheets evaluated by every traditional test in the lab.
The over-evaluation can include fiber measurements by
optical and screen classification methods, water retention
values, air dry percentage, dirt count, species, cationic
demand, stickies (in recycled pulps) and freeness. A minimal
evaluation might include the commodity pulp type,
brightness and dirt level.

Which approach is appropriate?  The answer is that it
depends on the process and product application, but it is
likely that neither is what is needed. A minimal evaluation
is not sufficient, because, as shown in the pulp testing
database, there can be major differences within commodity
pulp categories. Extensive testing, in addition to being
costly, may actually provide so much data that the analysis
will lack the clarity needed for good decision making.

To get the most useful outcome, tests should be selected
for their reflection of the key fundamental pulp properties
that are relevant to the intended use. In the following text
testing principles, pulp attributes to be measured, testing
methods and an efficient, effective evaluation process is
discussed. It is presented from both the pulp producer and
papermaker perspectives.

I .  T E S T I N G  P R I N C I P L E S
A. Why Should We Test?

Pulp producers should test their pulp primarily to avoid loss
from an out-of-control process; i.e., to avoid producing pulp
that will not be saleable or meet customer needs in use.
Testing provides data for control of the production process
and for sharing with customers to assure them that the pulp
they receive is from a stable process and meets their needs.
Testing of finished pulp should not be utilized in a “quality-
by-inspection” approach to meeting customer needs. The
regime chosen should include only those tests providing
data that will be acted upon, either for control of the
process or to meet the information needs of the customer.
Collection of testing data that will not be utilized is a waste
of resources.

Pulp users can start the evaluation process by comparing
supplier data. It’s rare, however, to find comparable tests and
testing standards from different pulp sources. In addition,

most pulp supplier data are based on traditional testing. It is
necessary, therefore, that pulp users generate their own data
in a consistent manner. The set of pulps being tested
should, if possible, include a pulp with performance known
in the user’s system and products. There is also value in
periodic pulp testing by the user to supplement the data
pulp suppliers provide and maintain the connection
between the evaluation process and pulp performance.

B. Where Should We Test?

Pulp producers have two principal, somewhat divergent,
needs to address in deciding where to test. There is the
immediate need of testing for process control and longer-
term need for data to transmit to pulp customers. The need
for rapid, minimal, but sufficient testing can be reasonably
filled only by well-trained operating personnel and/or an
in-mill laboratory. Testing cycles, from sample collection to
actionable data, probably need to be less than one hour in
duration. Measurement procedures need to be within
control and have minimal variation. This can often be best
achieved by testing with in-line sensors and automated
sampling and testing equipment. This information is most
beneficial if it is combined in a multivariate predictive
model of the process and pulp properties.

Testing to provide data to pulp customers involves
primarily finished market pulp. It is historical in nature and
should confirm that the pulp the customer receives came
from an in-control process and is performed by a single
laboratory. The laboratory could be at the mill site, a
central company location or at an external pulp testing
service. Measurement control procedures need to be
employed, as elaborated below.

Pulp users should have all testing performed by a single
laboratory, if possible. A review of TAPPI testing procedures
clearly shows that the differences in testing results from two or
more laboratories can be great. An example is given in the
precision statement of TAPPI test T494 om-011 for the
measurement of tensile properties of paper and paperboard. It
shows measurement repeatability for one laboratory ranging
from 5% for tensile strength up to 16% for TEA. When these
same samples were tested in 20 different laboratories the
variation in test result increased to a reproducibility ranging
from 10% for tensile up to 36% for TEA.

Since fiber is typically about 40% of the paper cost, it’s
important to know the value of competing pulps as
precisely as possible. Testing variability, therefore, must be
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