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order 1o bring you the best book at a reasonable price.
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. Describe how paper is made. Discuss how paper is recycled.
Make a sheet of paper by hand.

. Explain what coated paper is and why it is coated. Describe the
major uses for different kinds of coated papers. Describe one
other way that paper is changed by chemical or mechanical
means to-make new uses possible.

. "Make a list of 15 pulp or paper products found in
your home. Share examples of 10 such products with
your counselor.

;. With your parent’s.and
counselor’s approval, do
ONE of the following:

4.

Visit-a pulp mill. Describe
how the mill converts wood
to: cellulose fibers:

Visit a paper mill and get'a
sample of the paper made
there. Describe the processes
used for making this paper.
Tell how it will be used.

Visit a container plant or box
plant. Describe how the plant’s products are made.

Visit a recycled paper collection or sorting facility.
Describe the operations there:

Using books; magazines, your local library, the internet
(with your parent’s permission), and any other suitable
research tool; find out how paper products are developed.
Find out what role research and development play in

the papermaking industry: Share what you learn with
your counselor.

. Find out about three career opportunities-in the papermaking
industry that interest you. Pick one and find out the education,
training, and experience required for this profession. Discuss
this with your counselor, and explain why this profession
might interest you.
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ABRIEF-HISTORY OF PATER

A Brief History of Paper

Nearly 2,000 vears ago, in the vear 105; a Chinese man named
Ts'ai Lun ground up some plants, including mulberry bark and
hemp. He may also have recycled old rags into the mixture. He

Papermaking began in China in about a.n. 105,
The bark of the mulbeny tree (pictured top right}
was shredded, mixed with scraps of linen and
hemp, soaked, and beaten into a pulp.The pulp
was dipped up on a mold {bottom left), and the
water drained away to form a sheet of paper
{bottom right). The Chinese symbol for paper is
shown at fop left.
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added water and mixed up the
fibers until he had a big, squishy
mess. Then he spread the wet
pulp on a cloth screen framed in
bamboo. He set the thin mat of
fibers in the sun to dry.

Some archaeological evidence
suggests there may have been
other papermakers even earlier
than Ts"ai Lun, but he was the
first to have his work recorded
for historv.

The Chinese kept papermak-
ing their secret for hundreds of
years, but gradually their Korean
and Japanese neighbors learned
the art. Then, in 751, the Chinese
lost-a battle with the Arabs in
Central ‘Asia. The victorious Arabs
made prisoners of several Chinese
papermakers and took them to
Samarkand, an ancient city-that
today is in Uzbekistan. From the
captured Chinese papermakers,
the Arabs learned the art
of papermaking.

Paper spread across the Arab
world, from the Middle East to
Egypt {where it displaced papyrus)



A BRIEF HISTORY OF PAPER
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and westward to Morocco: The Moors from North Africa
brought papermaking to Europe: These Arabic invaders, after
congquering Spain, built Europe’s first paper mill therein about
1150, Then ltaly became a major paper producer in 1250,

Soon the art spread to France, where monks:in the 1300s
began making paper for holy texts. European monks had long
used parchment; made from animal skins that were stretched,
scraped, dried, and cut to the right size. Parchment was
extremely expensive. It has been estimated that a single Bible
handwrittent on parchment required the skins of 300 sheep:

‘When Johannes Gutenberg of Germany perfected the movable-
type printing press in‘the 14503, a tremendous thing happened.
Books suddenly becamie available to ordinary people. Before
Gutéenberg, books had been so rare and costly that only mon-
asteries, royalty, and scholars could own themi. Now, even poor
people could get their hands on books.

People became better educated. More people learned to
read, they wanted more books; and the demand for paper sky-
rocketed. Papermakers couldn’t find enough old clothes and
rags o turn into enough paper to meet the demand. Surely,
they thought, there had to be something they could use that
would provide plentiful papermaking material so books and
writing paper could be made widely available at low cost.

B.P (Befﬁre Paper) .

You have o go back a lot longer than 2 GG{% yea
started Wﬂi’!f‘ig it s«eems from the tima of the
;:samted on cave walls. Early on, they ¢ drew éessgns
f,kand on metai The Chmﬁse, hafore“!“s ai Lun gav‘
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Early paper was made fmm mﬁaa anci hnen rags. Pasermakefs haci a '

tough time getting enaugb rags. When “!he Black Death, a horrible plague,

killed millions of people in Europe ciunng the ‘230&3 tons of rags from
clothing became available for use, and dealing in old rags beeama a

thriving trade. Some historians say the Bfaek {)eath éntereﬁ England

from Europe on these mfectec{ rags. ,

PULP AND PAPER

In'the 1700s, a French scientist named René Antoine Ferchault
de Réaumur realized what could be used as a plenfiful papermak-
ing material. Réaumur watched a paper wasp build a nest out of
chewed-up wood. The wasp would chew on-wood, grind it up,
digest it with its internal enzymes {an early form of what we call
biopulping today), and spit it out, making a fine paper to create its
nest bit by bit.-As far as we know, Réaumur never tried to chew
up wood himself to make paper with it. However, he found that
paper could be made from wood, and wood was plentiful and
practical. A major step toward modern papermaking had been
taken, but it would not be until the late 1800s that technology
was developed to use wood on a large scale in papermaking.

Papermaking in Colonial America

The first paper mill in-America was built in 1690 near
Germantown; Pennsylvania, by William Rittenhouse: He had
been an apprentice papermaker in Holland. He settled near
Philadelphia because the tity’s population:was big enough to
provide him with the main raw material that was still being
uged for paper at that time: old rags. He also chose a spot
where there was plenty of water, the other necessary ingredient
for making paper. The first American papermakers were trained
at-the Germantown mill—one sheet at a time.

Making paper by hand, sheet by sheet; was slow and
tedious. The rags were washed and then kept damp for weeks
so they would partly rot. The wet, decaying rags were then
ground into a pulp-and pounded with water in large wooden
vats to make acreamy batter.

Then it was the role of a skilled “vatman” todip up-a
thin layer of the pulp on & wire screen stretched over a wooden
framé. This equipment was called a mold: The vatman drained
off the excess water, then gave the mold several sharp jerks to
shake out most of the remaining water and to help mat and
lock the fibers together for strength.



No /Sqaafeg Her
\t\ \Why is paper rentangaiar in shape, n

The vatman passed the mold to the “coucher,” who
carefully turned the mold over on top of a plece of felt and
gently pressed on the wire scréen until the wet paper fell cut of
the mold. The coucher stacked a laver of felt between each
sheet of wet paper until the stack grew 10 144 papers. Then the
stack, or post, was squeezed in a press to force out water and
compact the paper fibers together

The post was turned over to a “lavman” who carefully
peelad the paper from the felt, then laid each sheet of damp
paper on 3 fresh, dry plece of felt. The layman restacked all the
sheets of paper, layering them as before with dry felt. Then the
stack {the post} was again squeezed in the press to remove more
water. This was repeated three times. After the last pressing, the
paper was hung up to drv.

At this stage, the paper was too absorbent to print on. Ink
would make blotches, like trying to write on'a paper towel with
a felt-tipped pen. To prepare the surface to take ink crisply, each
dried sheet of paper was dipped in a vat of sizing, a gimmy
liquid. Then the sheels were once more lavered with felt and
squeezed in the press fo remove the excess sizing and bond
the sizing with the paper.

Because the process was slow and rags were hard {o get,
paper was always in short supply. In the early 17008 3 good
papermaking team could make only about 1,500 sheets of paper,
about 22 by 30 inches, inone dav's work

Still, with some paper available, the American colonisis
could publish newspapers. The st newspapers in the colonies
were the Boston News Letter {founded In 1705}, the Bosion
Gazette (1719}, and Bradford’s Mercury {1719)

After a while, Great Britain required the colonisis topav a
tax on newspapers and pamphlets. This new tax, imposed by
the Stamp Act of 1765, did not sit well with the Americans.

ACBRIEF HISTO
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ABRIEF HISTORY OF PATER

The modern
paper machines
on which most
of our paperis
made foday are
basically just
improved
Fourdninier

machines.

Colonial printers published works that spoke out against Brilish
rule, and the British government responded by trving to restrict
papermaking in America

So wnportant was papermaking in the colonies that a
skilled maker of paper molds, Nathan Sellers of Pennsyivania;
was discharged from the American army in 1776 by a special
resolution of the Continental Congress. They sent hiim home
1o make the molds that were desperately needed to produce
paper for writing military orders and dispatches during the
Revoelutionary War.

From Handmade to Machine-Made Paper

In Europe, inventors continued to work on ways to speed up
papermaking. In 1798, Nicholas-Louis Robert of France invented
a machine that would form a continuous sheet of paper on'a
moving wire screen, making paper production much faster
and less expensive than molding single sheets by hand. The
invention, a huge step forward; was patented in 1799,

Two English brothers, Henry and Sealy Pourdrinier
developed a practical version of the continuous paper machine
in the early 1800s. Mills in Britain, Europe, India; and America
acguired these Fourdrinier machings, as they were commonly
called. The first paper machine in the United States was set up
in a mill near Philadelphia in 1817,

By 1810, the new United States boasted 185 paper mills.
Rags for making paper becaine ¢ritically scarce, and the search
was on for plentiful raw materials that could serve as a better
alternative. Mills tested tree bark, sugarcane waste, straw, and
cornstalks for sources of fiber.

10 PULP AND PAPER



ABRIEF HISTORY OF PAPER

Of the available raw materials, wood stood out'as the best e
and most plentiful. Inventors developed workable ways to grind
wood for making wood pulp. In the 1850s and 605, English and ~ 1n 1883, the
American chemists found they could use chemicals to separate
the wood fibers, About 1880, German chemist Catl F. Dahl
perfected the use of wood for papermaking by adding yet Journal became
another chemical. His sulfate, or keaft, method spread quickly

Boston Weekly

; . the first American
and reached the United States in the early 1900s. {Kraft means
“strength” in German.} Low-cost, mass-produced paper soon newspaper to be
became available. Books, newspapers, and magazines were printed on paper
printed in large numbers: Schoolchildren gave dup their writing
slates in favor of paper made from ground

wood puln.

Paper Firsts

Today, paper products such as cups, towels, and tisstes are so
common that we use them daily and hardly think zhout them.
Not so long ago, however, people did not have these handy
items. Consider these:

= Toilet paper; invented by American Joseph Gayetty in 1857,
was considered a luxury item at first; but it came into wide-
spread use after the Civil War.

» (eorge Eastman manufactured coated photographic paper
in'1885.

¢ Iy the 1800s it was common for people to drink after one
another from a single cup attached to a public water fountain.
Disposable paper cups came along in the early 1900s as
protection against the germs and diseases that were spread
by people drinking out of the same cup:

= During a cold epidemic in 1907, 2 Philadeiphia teacher
suspected that her students were spreading germs by all
using the same Cloth towel. She cul heavy paper inlo
squares—the first paper towels—and gave them to her
students {o use.

* When cars came on the American scene, women beégan
using more cosmetics to protect their skin from the effects
of wind hitting their faces as they rode in cars that were
open to the elements. Women used cold cream to remove
the cosmetics, and they needed cloths for wiping away the
cold cream. In the 1920s, facial tissues were developed for
women to use for femoving cold cream and makeup.






WALK- THROUGH THE PAPERMAKER'S WOODS

A Walk Through the
Papermaker’s Woods —

All fruits and

Paper consists mainly of cellulose,-a substance that strengthens
vegetables

the stems, Toots, and leaves of trees, grasses, and other plants.
Early papermakers discovered that the inner bark of certain contain cellulose.
shrubs and- trees contains a fairly pure form of cellulose fibers, .

Woed is about half celiulose. The purest form: of cellulose fibers The stiff stalks
that occurs naturally is cotton; which is more than 95 percent of celery, for
cellulose. The highest-quality papers are almost pure cellulose.

Anselm Paven, a French chemist, identified cellulose in example, are
wood in the 1830s. Wood has been the major raw material rich in cellulose.
in-papermaking for more than 100 years because it -is widely
available and it'is a renewable (replaceable) resource. TR

Maw of the natural resources we use, such
. renew: \',, . Once they're taken from me gmund
7,,,‘1‘?&&'31 are gone forever. Trees, however, are a renewabl
plant ancf grow more of them to replace the {mes we usa

Trees Used in the Paper Industry

Trees are often grouped- as softwoods (needleleaf or evergreen
irees) and hardwoods (broad-leaved trees that lose their leaves
in the fall and winter). The wood fibers from different trees vary
in length, from about s to Y inch (1'to 5 millimeters) long. The
tonger fibers come from softwood trees such as pines, firs, hem-
locks, and spruces. Broad-leaved trees such as aspens, beeches;
birches, gums, maples, and oaks have short fibers:

The shorter hardwood fibers that provide bulk and smooth-
ness in papers for printing and writing are used for softness in
toilet tissue. The longer softwood fibers are used for papers that
need to be strong, such as packaging papers. Papermakers mix
these fibers in combinations, depending on what they want the
finished paper to look like and how it will be used.

Pine~a softwood

PULP AND PAPER 13



AWALKCTHROUGH THE PAPERMAKER S WOODS

Some trees are grown and hatvested, like a crop, especially
for papermaking. Paper manufacturing uses leftover scraps of
lumber and the trimmings, shavings, and wood chips from trees
that are used for other purposes such as furniture making and
building construction. In the United States, recycled paper and
leftover wood make up about two-thirds of all the fiber used in
pulp and paper mills. The other one-third comes from whole
ree trunks. These whole trees are generally small; between
4 and 8 inches across. High-quality trees larger than 8 inches
in-diameter can be too valuable to chip up for paper. They're
normally sawed into lumber—boards and planks.

Spruce— Trees that are dying from old age, insects, disease, or forest
a softwood fires are also used in papermaking. Foresters must remove these
trees to keep the forest healthy, and it’s sensible to use them for

wood pulp.

Leaves, needles, small branches, and roots left in the forest
enrich the soil and hold it in place, and can be used as biomass
fuel to generate energy. Nearly every part of a tree gets used for
something—lumber and paper, or for products ranging from
photographic film to chewing gum, shoe polish; dyes, soaps,
glues, medicines, rayon tire cord, and LCD screens in your TV
and cell phones.

Sustainable Forestry

Maple— Many pulp-and paper companies
a hardwood plant, harvest, and replant their
own forestlands. In the United
States, most of the trees that are
- harvested for papermaking are

- planted and grown in forests called
tree farms. When these trees mature
and-are cut down, new ones-are
. planted to replace them; a practice
known as reforesting. This type
. of forest-management is called

Oak— sustainable forestry.

a hardwood Professional forest managers
know they must use forests wisely so that the trees-and other
resources are not permanently damaged or used up. Healthy,
productive forests provide wood fiber for the products that the
pulp and paper industries make. It's in these industries” best
interests, therefore, to protect the health of forests at the same

14 PULP AND PAPER



AWALK THREOUGH THE PAFERMAKERS WOODDS

= E Biie 5t 3 : E L
time they harvest e 1o make thelr products. Paper companies
work o manage their lands so that the' forests will keepon L

- Yo sustain a thing

producing fiber for paper products, habitat for fish and wildlife,
clean water, clean air, and woods 'wheré Scouts can go hiking
and camping:

meansto Keep it
up or keep it going.

Forest Management Systems

Several methods, or systems, are used o harvest, then replant
trees. Here's 3 guick look af the sysiems commoniy used in
American foresie (You Can 8nd s shout thess
in the Foressry ment hades pamphlel}
of the trees in an area of the forest. The cdleared
arez is then sown with seeds o planied with
seediings. Or 3 new siand of trees, adl the same
age, may grow naturally bom seeds dropped
by trees around the cleared space, from seads
already on the forsst floon, o fom sprouis that
grow from the stumps and roots of the oul frees.
Clear-cutting is a comumon harvest method for
trees grown for pulpwood.
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few heaithy aeed-pmducing trees are left stand-
ing to reseed the area. Then, when the fresh crop
of young trees has become established, the seed
trees themselves are harvested. The seed-tree
em can be used with various pines.

égig;séze%%m&g%& TEeS
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eated individually a5 they mat i

its grow in the open Spac
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trees but i%&?iﬁg many larger {rees ;S%é%‘%é%%ég :§

produce seeds. Selection cutting creates only

smali openings in 3 forest, and $o it works

best with trees that grow well o shade, such

as American beech and hemlock:
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Forests combat the greenhouse effect because, in wood,
they naturally capture and store cartbon {carbon dioxide) from
the atmosphere. Products from the forest also store carhon.
Paper and wooden houses and structures may store carbon for
decades or throughout their Histimes,

In this way, the cycling of carbon back into the atmosphiere
forests Bke those used In the paper industry, are carhon sings,
good 3t “fxing” stmospheric carbon as ees iake In far more
carhon than they give outl

PULP AND PAPER 17
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How Paper Is Made

T see how wood s made Into paper Ies stant wih 2 tree

shiat is harvested from 3 free fanm. The tres’s Bmbs are taken
off, and the runk S hauled 1o s Dulp il Al the mill the bark
iz remnoved, i be bumned Ty foel or made inio garden mulch.
Then the wood In the frunk has fo be separaled Into Individus
miade These are the sieps; Slustrations showing this piooess
2ppear on the neyt pages




From Jog of wood 1o Bnished paper produc
za e steps, It can't be that easy, you say? ’z% 2,
' ’é 3;55 at % %}é% at %gg?g ’g‘;} ggé

info making %%g paper %{% use every §§§x

Chemical Pulping for Papermaking —From Trees to Paper

FOURDFEINIER SHEET FORMEE,

20 PULP AND PAPER
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STEAM

BLOW TANK

CALENDER STACK

DRYER SECTION COATER
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HOW PAPER TS MADE

Pulpthatis not
made into paperin
the same location
asthe pulp can be
rolled, dried, and
cutinto sheets
that are baled for
shipment to
papermaking
facilities around

the world:

Pulping
The three main pulping methods are mechanical, chemical,

and semichemical (which combines chemical and
mechanical methods).

Mechanical Pulping

Groundwood pulp. The original way that paper-makers made
wood pulp was by mechanical mieans, simply grinding up- the
wood to separate the fibers. In the oldest mechanical method,
called the stone groundwood process; short logs are pressed
sideways against a grindstone that tears fibers out of the logs.
Friction heats the wood and softens the lignin (a natural glue in
trees that sticks the fibers together). The lignin is not removed.
Paper made from groundwood pulp is good for printing on, but
it’s weak and—because of the lignin—it will discolor, éspecially
in sunlight. Mechanical pulps are suited for low-quality printing
papers that are used briefly, such as newsprint for newspapers.

Thermomechanical pulp (TMP). Though the old stone
groundwood method hasn’t altogether disappeared, modern
methods of mechanical pulping have nearly replaced it. In
the method known as thermomechanical pulping, the wood
is first cut into chips about the size of a quarter. The chips
are steamed to heat and moisten them, then fed through a
machine called a refiner, which spins the chips at an elevated
temperature and pressure. The disks tear the chips into fibers.
This pulp makes a stronger paper than groundwood pulp, but
its uses are similar.

When you were younger and just
learning to write, you may have used
a grayish paper with wide rules. Get
a piece of that kind
paper and hold it u
you see bits of woo

garten writing
the light. Can
it?7 This is
an example of paper made from
mechanical pulp. Such paper doesn’t
need to be strong, bright, or pure,
because it isn't meant to last as long as
- abook printed on firie paper will last.
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HOW PAPER 15 MADE

Logs to Chips. Logs are tumbled through a big, rotating debarking drum that removes
the bark. Then the logs are cut into even-sized chips {about the size of quarters).

i
8
5
5

Chemical Pulping
In chemical pulping, chemicals dissolve and remove much of
the lignin. Wood chips are cooked in a solution of water and
chemicals, in a big pressure cooker called a digester, until the
fibers fall apart. Chemical pulp produces strong paper that is
used for printing and writing; shipping boxes; paper bags, and
other products needing strength.

Chips to Fiber: The Digester. The wood chips go into the digester
for cooking: The cooking chemicals dissolve the wood’s lignin, the
natural glue that holds wood fibers together. The used solution of
chemicals is recovered to be recycled. The dissolved lignin is either
burned to generate steam and electricity that is used in the mill,
or is made into many different byproducts.

PULP AND PAPER 23
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HOW PAPER 1S MADE

Finished pulp
looks like watery
mish. But examine
asample of

pulp under a
microscope,

and you'll see

the separate,
individual

wood fibers.

Semichemical Pulping

Semichemical processes also use chemicals to soften and
break down lignin. But then special rotating disks are used
to mechanically separate the wood fibers.

Cleaning and Bleaching
Pulps are screened to remove knots and clumps, and are washed
to get 1id of impurities and ‘cooking chemicals, which are recycled.
Some pulps are bleached to produce white paper.
Good-quality writing papers are made from
blends of bleached chemical pulps. Bleaching is
often done in a series of steps, using different
chemicals at each stage. The bleaching chemicals
either remove the color-causing compounds from
the pulp or make them colorless.

Brown to White: Bleaching. A series of chemical
bleaching and washing processes turns brown
wood fiber into white pulp. Unbleached pulp
makes brown paper, as for grocery bags, kraft
wrapping paper, and cardboard boxes.

s akiﬁgjﬁne writir
and art papers,
ch‘ thmgs as

24 PULP AND PAPER



HOW PFAPER IS MADE

Here is how paper is made. To be used in
Refining papermaking,

Most pulp can’t be used for papermaking as it comes from the baled pulp is
pulp mill. For most grades of paper, fibers direct from a pulping
operation won’t bond well enough to make a strong sheet. The
fibers must be unraveled or frayed io increase their ability 1o to make a slurre.
bond. So before the fibers are put into a paper machine, various
tvpes of beaters and refiners are used to loosen them and make
them more flexible so the fibers can bond together better. The
guality of the paper depends on how much the pulp is refined.

repulped in water

Mixing and Blending Pulps

To get a paper that has the desired color, strength, texture, writing
surface, and other qualities, the right ingredients must be mixed
together in the proper amounts. Softwood and hardwood pulps
may be blended, and they may be mixed with recycled pulp.
Papermaking chemicals and minerals are added: sizing, to make
paper resist water and take ink; fillers, to fill the spaces between
the fibers to improve the properties of the final paper; and dyes,
to add colon.

; sﬁ;iazhega;zgg mill, §;§§§$
4 peppinakig dlieniicns
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fModemn
papermaking
machines, running
at speeds above
60 miles per

hour, can maks
continugus shests
ofpaperupio

33 fest wide.

Forming the Sheet

At the wet end of the papermaking machine, the well-blended
pulp (99 percent water at this stage) is spread onto a long, wide,
endlessly moving screen called forming fabric. Right away, water
begins to drain from the bottom of the forming fabric. The water
is collected and recycled. On the top side of the wirs, fibers from
the pulp catch and begin to bond together in 2 thin mat. Vacuum
is used to suck more water from the mat, but when the wel paper
feaves the wire, it is still mostly water {75 percent).

To press oul more water, the wel paper is squeezed befween
heavy presses. The paper. supported on endless fabric loops
called felts, leaves the wet end of the papermaking machine As it
moves rapidly o the dry end, the paper passes between huge
metal cylinders that are steam-heated. These hot cylinders heat
and dry the wet sheet.

On the paper machine, a vacuum pulls water through the bottom
of the forming fabric. The paper machine also has presses—
rollers—that squeeze water out of the paper.

Temperature Rising: The Dryers. The steam-heated cylinders of the
main dryer heat and dry the paper. Then the sheet may go through
a size press, where a starch solution is applied to seal both sides
of the paper before it passes through an afterdryer.

More heavy cylinders press, or iron, the drying paper smooth.
This part of the machine, called a calender stack, evens the
surface and makes the paper all the same thickness.

26 PULP AND PAPER



Coating the Paper

Either on the paper machine or afterward, paper can be coated.
Most of the time paper is coated to improve its smoothness so it
will print better. These coatings are usually composed of minerals
hoth sides of the paper In 2 very thin layer with rollers or othey

devices. The wet coating layer is doied with sieam-heated diyer

cylinders, just like those that were used fo dry the wet sheet before
weight applied to sach side—is sufficent 1o greally Improve

! dried. Functional coatings are applied for special purposes like
thermal printing paper {for cash register receipts and portable
printers), multipart forms, protective coatings such as anti-tamish
or moisture resistant coatings for wrapping small metal parts, and

3

Al Rolled Lip. The paper passes through a calender stack that
gives B a smooth and even surface Then W oollected on a large
reel in ksmbeo rolls that weigh 40 fons or more. Un the windser
the rolls sre sl o desired widths and wound oncores ety to
tie shipped o customers or cut into smalier sheets.
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Winding and Slitting the Paper

When the paper is dry, it’s wound onto a big spool or reel. These
jumbe rolls of paper can be slit into smaller rolls for sale or for fur-
aher pmmasmgr ‘me ihese m!!s come gmmm& g)ubhshmw and

Corrugated board
smadzon

machines called

corugatars. Corrugated Board

i Companies ship products such as light bulbs, glassware, and
Various types your new DVD in corrugated boxes 1o secure and protect them
of converting n damage. A whopping 95 percent of all manufactured i goods

L. ped in iff*‘%’%é%?g
machines are

thenusedin

, §*§5§ %} ses i:%g §§§§§ ggs%ég, '




All of these things make corrugated board a good material
for packaging and shipping. Manufacturers use it to pack, stack,
cushion, and transport their products to stores and individual
customers. Afterward, used boxes and cartons made of corru-
gated board can be recycled into new paper and board.

Visiting a Mill or Plant

For your work on this merit badge, you may choose to visit a
pulp or paper mill, or a container plant or box plant. The United
States has more than 350 paper and pulp mills, found—as you
might expect—in forested areas but also in urban areas. Some
are in the Pacific Northwest. Many operate in the South, in the
lake states, and eastward through the Middle Atlantic States
and New England.

Work with your merit badge counselor to arrange a visit to
a pulp or paper mill in your area. To find a box plant to visit,
check your local telephone directory under “Boxes—Corrugated”
and “Boxes—Paper.” You can also search the internet for paper
mills and box manufacturers.

HOw PAPER 15 MADE

Companies that
manufacture
corrugated boxes
and paper cartons
are located
nationwide, in

cities large and

small. There are
about 450 box
plants in the
United States.

As of 2010, the 12 states ranking highest in paper production were Alabama, Georgia,
Louisiana, Wisconsin, South Carolina, Washington, Virginia, Maine, Michigan, Arkansas,
Florida, and Tennessee. As of 2010, 63.5 percent of paper and boxes were recovered
and recycled. The 12 states that rank the highest in recycling were Georgia, Wisconsin,
New York, Louisiana, Alabama, Michigan, Virginia, Oklahoma, Washington, Maine,

Oregon, and California.
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How We Use
Paper Today

Here’s an astonishing number to digest. Each person in the
United States uses about 700 pounds of paper each year. Paper
is everywhere in our lives. Every year in the United States,
more than 2 billion individual books, 24 billion newspapers,
and 350 million magazines are published on paper. Movie
tickets, popcorn tubs, cereal boxes, cash register receipts,
crayon wrappers, paper board games, your television set,

and even the LCD screens in your cell phone contain paper.

How could you possibly get through your school day without
using paper? How about money, checks, birth certificates, marriage
licenses, permits, and all of the documents we need to go about
our daily lives?

The home you live in was built with wood and paper
products. Those laminated kitchen countertops, the insulation
that keeps your house cool in summer and warm in winter,
gypsum wallboard, wallpaper, flooring, and shingles—all are
at least partly paper. Sandpaper, electrical cable wrapping,
and masking tape all have paper backing.

In our world today are more than 6,000 products made
from paper. Listed are some everyday examples you can find
all around you. What other paper products can you think of or
find in your home? What new products are being developed?
(You may discover several fascinating examples if you do
requirement 7e, about research and development in the
papermaking industry.)




At School and Work
Books
Business cards
Calendars
Copier and printer paper
Envelopes
Maps
Masking tape

' Notebook paper

Paper money and checks

Postage stamps
Poster board
Reportcards =~
AtHome

Cereal boxes
Countertops

Egg and milk cartons
Facial and toilet tissue
Grocery bags

Lamp shades

Magazines and newspapers

Microwave-food containers
Paper towels, plates
and cups
Pizza boxes
Rayon clothing
Tea bags
Waxed paper
Wallpaper
Window shades
Wrapping paper

In Medicine and Technology
Bandages

Filters and gaskets

Hospital and surgical gowns
LCD screens

Medical charts

Surgical dressings

~ kConfetti; =
Gum and candy wrappers

Jigsaw puzzles
Kites

. Paper airplanes
' Party hats

Photographs
Stickers
Streamers
Tickets

Trading card
_Products From

*These items are 1
from byproducts of

HOwW WE USE PAYER TODAY

~ People pretty
much take paper
" for granted, but
~ we would be

_ hard-pressed to

live without it.
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HOW WE USE PAPER TODAY

32

2.0

consumers i
consumers in
ous public ed

New Paper From Old: Recycling

More than a third of all the papermaking fiber used at
American mills comes from recycled paper. Papermaking
fibers can be reused multiple times before they become

_ too short to bond together. Newspapers are often recycled
into tissue and paperboard. Magazines, in their second

~ life, may become newsprint. When magazines are printed
on glossy paper, the clay that was added to the paper to
make it glossy actually helps separate the ink from the
paper during recycling.

What happens when you recycle a piece of paper? The pro-
cess begins when you gather up wastepaper—old newspapers,
magazines, office and computer paper, and corrugated boxes—
and put it in a recycling bin. It’s best to keep all paper products
intended for recycling out of sunlight and wet weather, because
exposure to the elements makes it harder to remove the ink
from the paper.

The paper is collected, sorted, wrapped in tight bales, and
transported. Once it reaches a recycling facility, repulping is
next. In a pulper—a big vat containing water and chemicals—
the wastepaper is chopped into small pieces. Heat helps to
further break down the old paper into fibers, thus turning
the mixture into pulp.

than is buried in o)
‘e&f to do better. Acc
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The pulp is screened to remove small contaminants. It's
further cleaned by spinning it around in'cone-shaped cylinders.
Heavy bits like staples and paper clips are thrown to the side
of the cone and fall out the bottom. Lighter contaminants
collect in the center of the cone and are removed.

To get the ink out, a process known as deinking, the
pulp is washed to rinse away loose ink particles. Soaplike
chemicals are added to make the remaining ink float to
the surface, where it is skimmed away, leaving clean
pulp behind. The ink, along with clay, glue, and other
materials and impurities removed during deinking,
can be burned for energy to rin the recycling facility.

The pulp, minus all the ink; goes for refining and,
if necessary, for color stripping and bleaching. {Pulp for
making brown recycled paper, such as that used for industrial
paper towels, doesn’t need 1o be bleached.} From this point;
the pulp is used just as it would be if it had been made from
fresh-wood chips rather than recycled paper. Papermakers may
use the recycled fiber alone, or combine it with varying
amounts of new wood fibers to produce different kinds of
paper. Recycled fibers can be made into many new products
including boxes, newsprint, napkins, towels,
tissue, writing paper, envelopes, egg
cartons, and paper bags:

What's great about recycling is that,
in the end, a new paper product is created
from material that might have ended up
instead ina landfill. Recycling is-an excellent
way people and papermakers can
work together to-have a cleanerand
more sustainable environment,
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Every day, U.S.
papermakers
recycle enotigh
papertofilla
train of boxcars

15 miles long.

Reusing Water and Leftovers
| Recycling is important in many ways in the pulp and paper
industries. Fiber from recycled paper isn’'t the only thing that
gets recovered and reused.

e Millions of gallons of water are used in papermaking. The
water is recycled; up to 25 times; to cut down on'the need
for fresh ‘water.

* The chemicals necessary in pulping and papermaking are
recovered and reused to keep them out of rivers and streams.
Useful products such as turpentine or lignin are drawn off
and saved. Recovery and recycling keeps many potentially
hazardous chemicals from ever reaching the environment
outside the milk
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® Making paper takes an enormous amount of energy, but pulp
and paper mills can generate energy by burning waste wood,
bark stripped from logs, and used chemicals for fuel. Heat
from the paper-drying process is captured, and the energy is
used in other parts of the mill. From its leftovers, the paper
industry generates more than half of the energy it uses—
more than any other major industry in the world. Some mills
are almost completely self-sufficient in energy.
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'MAKING PAPER BY HAND

before startmg Wear old cloth

=

Making Paper by Hand

Now that you know how paper is made, make some at home
and practice this centuries-old art. After your own papermaking
session, you will develop a deeper appreciation for paper in its
many forms: no-frills copier paper, shipping boxes, Scouting
books, and bags for everything from grass clippings o groceries
and gifts—even your homework papers.

oK
na ciean

ssy. Be sure you get an a
nd set up your wnrkstatt

safe area that will not disrupt others. If the weather is nice, you can work

36

outside on a p;snm

le or patio area. fysu are wmkmg inside, be sure
spreadmg newspa’;a rs umfer your work area.

Preparation is the key element in successfully makmg paper.
Before you begin working, gather all the supplies and materials in
your work area. Read these instructions from beginning to end and
review until you are familiar with the complete process and know
what supplies you will need for each step.

Papermaking

Making the Mold and Deckle

Step 1 {if using frames)—Place a large piece of screen on a flat
surface and center one of the blank wooden frames over it, front
side down. Fold one long side of the screen over the edge of the
frame and secure it to the back of the frame with staples or thumb-
tacks. Do the same with the other long side of the screen, pulling
gently for a snug fit, and staple or tack it in place. Do the same with
the short sides of the screen and frame. This is your papermaking
mold. The other blank frame will serve as the deckle when the
frames are held together face-to-face with the screen in the middle.

PULP AND PAPER



‘Basic Supplies Needed
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MAKING PAPER BY HAND

Step 7—Hold the mold/deckle firmly and lower them
into the shurty at a 45-degree angle, changing to a hor-
izontal hold when they are below the slurry line. Still
keeping a firm grip on the mold/deckle, swirl them
around in the slurry to set the fibers in motion. Keep
the mold/deckle level to ensure the paper will have
the same thickness above all areas of the screen. With
the shurry still in motion, gently lift the mold/deckle
straight up out of the mix and check the pulp layer.

Step 8—Gently shake the mold/deckle from side to
side, then back and forth over the basin to help
drain off water. If the screen is not completely cov-
ered, return the mold/deckle to the pulp shurry and
swirl it around again. If the pulp layer is uneven,
jiggle the mold a little to help even out the pulp. If
there are holes in the pulp layer, thicken the slurry
with more pulp, then swirl the mold/deckle in the
shurry again. With practice you will learn what
works best for the type and weight of paper you
want to make. When you are satisfied with the pulp
layer, keep holding the mold/deckle over the basin
until the water stops dripping. If you are using the
frame method, remove the deckde.

Step 9—1It’s now time for couching. Hold the mold
over the couching pad. With a smooth, quick
motion, flip it over and gently place it pulp layer
down on the couching pad. Slowly roll the mold
from one edge to the other to help loosen the sheet
from the screen. You may need to pat a sponge
against the back side of the screen, squeezing out
water and pressing the paper flat on the couching pad until you
see the paper separating from the screen. Use the spatula to gently
separate the rest of the sheet and screen.

Step 10—Place a towel or a layer of paper towels on top of the
sheet of paper. Use the rolling pin to firmly but gently press the
towels into the sheet to remove more water. Keep rolling and
replacing towels until no more water can be squeezed out of the
sheet. Move the paper sheet and the top layer of the couching
pad toweling to a drying area.
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Step 11—Repeat steps 7 through 10 to make as many sheets of
paper as you wish. Before starting a new sheet, be sure to stir
the pulp slurry. You can stack new sheets in the drying area to
conserve space, but keep the stacks short to help the papers dry
faster. Place a piece of drying cloth between each sheet, and top
the stack with a drying cover. To speed up the process, place the
stacks outside on a warm day or near a sunny window.

® Step 12—Make sure all the sheets of paper are dry.
Gently separate the layers of each stack, leaving
each sheet on its drying cloth backer. Make sure
each one is completely dry before peeling off the
fabric backer.

Step 13—Paper may curl as it dries. To flatten,
put the finished paper under a heavy book. Leave
it overnight, and it will be flat the next day.

Note: If you have pulp left over, pour it through a strainer or
the mold, then hand-squeeze the recovered pulp to thicken it
further. The recovered pulp can be stored in jars for a few days
in the refrigerator for later use, or it can be thrown in the
compost bin or trash can. Do not pour pulp down the drain.

Customizing Papers
Once you have mastered basic papermaking techniques, branch out and

customize your next paper batch. Special paper projects can include
decorative additions, 3-D shaping, and watermarks.

Creative Effects

There is no limit to the number of creative paper effects you can make.
Adding unusual colors to your handmade paper can be as easy as drip-
ping a little food coloring or water-based ink into the pulp. Mix in small
bits of confetti; tin foil, or glitter for extra pizzazz. Crumble dried flower
petals, leaves, grasses, ferns, or dried herbs to create natural effects. For
sturdier paper, you can increase the fiber content with burlap fibers or
shredded cotton balls (real cotton works better than synthetic cotton). Add
snippets of yarn or thread to the pulp to give your paper a touch of color.
3-D Paper

Let your imagination be your guide to creating all sorts of artful objects
with your handmade paper. Create a paper bowl by couching a sheet of
damp paper over an overturned bowl. Fold and smooth the sides, then let
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the paper dry in place. A similar technique can be u:
tray. Make napkin rings by wrapping slender strips of p
smooth tube and couching it from the outside.

rgeries, and legal papers w:th a watermark mak’
{mgmai dm‘:umeni from a copy. F‘ersonai stanone

Step 1- Think of what you might waﬁt
for a watermark, such as your initials,
a symbol, or a design of your own. .
Step 2—Sketch your ideas and. consider
_how each drawing will work as a wazes'-
mark. Eliminate designs that aretoo
elaborate, too stark, or too big for the
size of paper ycu plan to make. The best
watermark will come from a simple
, dessgn with a few lines that farm a
recegmzab!e image. :

Step 3—~{>raw your final 'déSign on é

the Gngmai drawing.

Step 5—Place the mold over your baekup des&gn co
the watermark design shows through the screen w
on the finished paper. Use correction fluid, puff pa
trace the design on the screening. Apply the fl

a time, so that the lines of the design do not n

lines are not too wide or thick; otherwise, ho

Step 6—Set aside the mold and let the desi

mark paper mold is now ready for making pa

PULP AND PAPER 41



“onn

e
2




Careers 1n
Pulp and Paper

The pulp and paper industry offers hundreds of different career ———
possibilities. The work may include making paper, helping to

protect the environment, running laboratory tests, process i you like to work
é&sﬁgﬁ egmgsuter systems, waﬂésag in a forest, or working in a outdoors and
: enjoyed earning the Pulp and Paper
5 y zs §§§ the perfect career in this field. The enjoy being in the
industty needs trained § ;}»‘x;‘a in many areas, §§%§§§§§; forestry, woods, forestry
. mightbe the

carser foryou.
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Research and
Product Development

Research and development professionals
{f*%g% up %“é?% the paper industiy’s new
§§ 5. They develop new
. find solutions fo air and
and devise maore offi-
methods, In this fisld,
i;;ég g:é%ggi%a §

i Cuality control experts check 1o maks
ol sure 3 niill’s finished paper producis are
of high quality. They test sample sheels
3 for strength, brighiness, and weight, and
Sales and Marketing divact Taboratory tests £ look for
After the products are created, they must in the paper. People working in quality
be marketed to a large variety of users,  control often have backgrounds in

industri P hemistry.
§g§$§*§§%§f identify potenti sﬁ clients and ! | engineering or istry
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; Storey Books, 2000.
With your parent’s permissioﬂ, visit Rainey, Rhonda. Papermaking for the
the Boy Scouts of America’s official First Time. Sterling, 2004.
retail website, www.scoutshop.org,
for a complete fisting of all merit
badge pamphiets and other helpful
Scouting materisls §§§ suppiies.

Efeffseimmfr E‘*mia“m Simum Step Toale, Bernard. The Art of Papermaking.
By Step. Lorenz Books, 2014. Davis Publications, 1983.

Woods, Samuel G. Rﬁ:ygiezi fﬂper From

48 PLELP AND PAPER



Robert C. Williams Museum
of Papermaking

Renewable Bioproducts Institute
Mail code 0620, Georgia Tech
Atlanta, GA 30332-0620
Website: www.paper.gatech.edu

Society of American Foresters
10100 Laureate Way

Bethesda, MD 20814-2198
Toll-free telephone: 866-897-8720
Website: www.eforester.org

Society of Wood Science
and Technology

P.O. Box 6155

Monona, W1 53716-6155
Telephone: 608-577-1342
Website: www.swst.org

Wisconsin Paper Council

10 E. Doty St., Suite 445
Madison, WI 53703

Telephone: 608-467-6025
Website: www.wipapercouncil.org
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MERIT BADGE LIBRARY

Though intended ‘as an aid to Boy Scouts, and -qualified Venturers and Sea Scouts in
meeting merit badge requirements, these pamphlets are of general interest and are made
available by many schools and public fibraries. The latest revision date of each pamphlet
might not correspond with the copyright date shown below, because this list is correg:ted
only once a year, in January. Any number of merit badge pamphlets may be revised
throughout the year; others are simply reprinted until a revision becomes necessary:

If a Scout has already started working on a merit badge when a new edition for that
pamphlet is introduced, they may continue to use the same merit badge pamphlet to
earn the badge and fulfill the requirements therein. In other words, the Scout need not
start over again with the new pamphlet and possibly revised requirements.

Merit Badge Pamphlet . Year | Merit Badge Pamphlet  Year | Merit Badge Pamphlet -~ Year

American Business 2013 Family Life 2016 | Plant Science 2018
American Cultures 2013} Farm Mechanics 2017} Plumbing 2012
American Heritage 2013 | Fingerprinting 2014 | Pottery 2008
American Labor 2018} Fire Safety 2016} Programming 2013
Animal Science 2014 § First Aid 2015 | Public Health 2017
Arimation 2015 | Fish and Wildiife Public Speaking 2013
Archaenlogy 2017 Management 2014 | Pulp and Paper 2013
Archery 2015 ¢ Fishing 2018 { Radio 2017
Architecture and Fly-Fishing 2014 1 Railroading 2015

Landscape Architecture - 20141 Forestry 2015 | Reading 2013
Art 2013 | Game Design 2013 -} Reptile and
Astronomy. 2016 | Gardening 2013 Amphibian Study 2018
Athletics 2016 | Gensalogy 2013 '} Rifie Shooting 2012
Automotive Maintenance - 2017 | Geocaching 20161 Robotics 2018
Aviation 2014 {1 Geology. 20161 Rowing 2014
Backpacking 2016 1 Golf 2012 | Safety 2018
Basketry 2017 § Graphic Arts 2013} Salesmanship 2013
Bird Study 2017 Hiking 2016 | Scholarship 2014
Bugling (see Music) Home Repairs 2012 ] Scouting Heritage 2017
Camping 20181 Horsemanship 2013} Scuba Diving 2009
Cahoeing 2014 |- Indian Lore 2008 { Sculptire 2014
Chemistry 2018 | Insect Study 2018 | Search and Rescue 2018
Chess 2016} Inventing 2016 | Shotgun Shooting 2013
Citizenship in the Journalism 2017 Signs, Signals, and Codes 2015

Community 2015 {1 Kayaking 2016} Skating 2015
Citizenship in the Nation: 2014 | Landscape Architecture Small-Boat Sailing 2016
Citizenship in the World - 2015 (see Architecturej Snow Sports 2017
Climbing 2011} Law 2011 § Soil and Water
Coin Collecting 2017} Leatherwork 2017 Conservation 2016
Collections 2013 ] Lifesaving 2017 | Space Exploration 2016
Communication 2013} Marmmal Study 2014} Sports 2012
Composite Materials 2012} Medicine 2012} Stamp Collecting 2013
Cooking 2014} Metalwork 2012} Surveying 2004
Crirmie Prevention 2012 1 Mining in Society 2014 | Sustainability 2013
Cycling 20171 Model Design and Building 2010 -{ Swimming 2014
Dentistry 2016 | Motorboating 2015 { Textile 2014
Digital Technology 2014} Moviemaking 2013 | Theater 2014
Disabilities Awareness 2016} Music and Bugling 2013 | Traffic Safety 2016
Dog Care 2016 | Nature 2014} Truek Transportation 2013
Drafting 2013 | Nuclear Science 2017 1 Veterinary Medicine 2015
Electricity 2013} Oceanography 2012 | Water Sports 2015
Electronics 2014 1 Orienteering 20161 Weather 2013
Emergency Preparedness 2015 | Painting 2016} Welding 2018
Energy 2014 | Personal Fitness 2016 1 Whitewater 2005
Engineering 2016 Personal Management 2015 | Wilderness Survival 2012
Entrépreneurship 2013 1 Pets 2013} Wood Carving 2016
Environmental Science .- 2015 | Photography 2016 Woodwork 2011
Exploration 2016 1 Pioneering 2017
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