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How to UseThis Pamphlet 	 1 
The sec ret to successfully earning a merit badge is for you to 

use both the pamphlet and the suggestions of your counselor. 

Vour counselor can be as importantto you as a coach is to an 
athlete. Use all otthe resources your counselor can make 

j 

	

	available to you. This may be the best chance you will have 
to learn aboutthis particular subject. Make it c o u nt. 

7 	 1 
r lfyou or your counselor feels that any information inthis 

pamphlet is incorrect, please let us know. Please state your 	:1 
source of information. 	

$ 
Merit badge pamphlets are reprinted annually and requirements updated 
regularly. Your suggestions for improvement are welcome. 

Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series of more than 100 covering all kinds 
of hobby and career subjects. lt is made available for you to buy as a service of the national 
and local councils, Boy Scouts of America. The costs of the development, wrtHc, and 
editing of the merft badge pamphlets are paid for by the Boy Scouts of America in 
orderto bring you the best book at a reasonable price. 

Send comments alongwfth a brief statement about yourself to 
Pilots and Program Development. S272 	 . 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irving, TX 75038 
If you prefer, you may send your comments to merit.badge©Scot 	.org. 
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Requirements 
L Teil ihe his.::; ofpapermaldng. D ... he ehe pan 

produaas p. ' .n cur socier :id eco:c 

. Learn ahorn the Ui and pape: indstr: 

a. Desc:ibc 	wavs the indusn-v ia:. 	. - .:s, and 

h. ::1ain 	niustrv rnanages its foresis so :a: he 
Dace wirh zhe dernand. 

Teil how ihe 	has inccri - .:;;ted :he 
sustainahle forest mana.:: ::en: c SFM. 

the pape:mang ds:r has 
diesstu poiirnion. 

Theri dc ihe  

a. at other uses 	made o the irees a.. 
frestand owned bv ihe : : p and pa;er ndusr 

b. Descrih€ :.. wavs : 	: :.ers fram ;vc: 
expiar the maic :.:::::  

c. Teil whv some pt:: Z and deCib e p -- s 

11 • 

-: 
21Bc. 5::E 
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4. Describe how paper is made. Discuss how paper is recycled. 
Make a sheet of paper by hand. 

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

. Make a list of 15 pulp or paper products found in 
your honie. Share exampies of 10 such products with 
your counselor. 

7 With your parent's and  
counselor's approval, do 
ONE of the following: 

a. Visit a pulp will. flecribe 
how the miii ......its vüod  
to cellulose fihers. 	 . 

b. Visit a paper mill and get a 	.- 	
. 

sample of the paper made 	 " 
there. Describe the processes 
ust'd for nidking ihis pper. 	/. 
TeIl how it will be used. 

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

d. Viit a recycleI paper collection or sorting facility. 
Describt. the operations iliere. 

e. Using books, magazines, your local library, the internet 
(with your parent's permission), and any other suitable 
research tooi. find ow ho\v paper products are developed. 
Find out wilat wie reseaich nd de•elopinent play in 
the papermaidn.g industrv. Share what you learn with 
your counselor. 

8. Find out about three career opportunities in the papermaking 
inciustv that interest you. Pick one and find out the education, 
training, nd experience required for this profession. Discuss 
this with our counselor, and explain why this profession 
might interest you. 
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A Brief History of Paper 
Nenr!y 2,000 years ago, in the year 105, a Chinese man named 
Ts'ai Lun ground up Sifl,1 phints. including nulbenv bark and 
hernp. He rna\ 11O  b.vc vecyeled old rags mIn the mixture. He 

	

- .. 	‚dded vater and niixed up the 
/ 	 fibcrs until he had a big, squishy 

- 	 mcss. Then he spread the wet 
puip on a cloth screen framed in 
bamboo. He set the thin mat of 
fibers in the sen to dlv. 

Some archaeological evidence 
suggests there may have been 
olher papermakers even earlier 

-. 	than Ts'ai Lun, hut he was the 
IW first to have bis \vork recorded 

- 	 for history. 
J!e Chinc'se kept tpermak-

ing their secrct for hundrecis of 
years, but gradual!y their Korean 

3 	 . 	and Japanes .-ihbors learned 
the art. 1 hen, 	751, the Chinese 
lost a battle with the Arabs in 

1 

	

	 Central Asia. The vieler bus Arabs 
maJe prisoners of several Chinese 

Y panermakers and took Oiem to 
Samarkand, an ancient City that 
toLly is in Uzbekistan. From the 
capiured Chinese papermekers, 

Papermaking began in China in about A.D. -io& 	the Arabs lear;ed the art 
The bark of the mulberry tree (pfctured top right) of papermaking. 
was shredded, mixed with scraps of Ilnen and 	 Paper spread arross the Arab 
hemp, soaked, and beaten into a pulp.The puip 	 . 
was dipped up on a mold (bottom left), and the 	worin, 1

.  um tue w,jrde Last tu 
water drained away to form a sheet of paper 	Egypt (where it displaced papyrus) 
(bottom right)The Chinese symbol tor paper is 
shown at top left. 
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A tIR! 	lIST OR' 

Ts'ai Lun was a court official and a scholar.What he invented that day woutd 

change the world. He made paper, one of the most important inventons 

of all time. lmagne getting through just one day without a product made 

from paper. 

:aid westvard to Morocco. The Moers from North Africa 
brought apermaking to Europe. These Arabic invaders, after 
conquering Spain, built Europe's first paper miii there in about 
1150. Then italy 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. Ii has been estimaTed that a single Bible 
handwritten on parchment required the skins of 300 Sep. 

When Johannes Gutenberg of Ge r anv perfecRd the movable-
1«pe printing press in the 1450s. a trcmcidous thhig happened. 
Pooks suddeniy became availahle to ordinary peopI. hefore 
Gutenberg, books bad been so rare and costiy that only mon-
asteries, royaitv. and scholars could own them. Now, even poor 
acaule couid get their hands on books. 

People became better educated. More people learned to 
read, they wanted marc bocks, and the deniand for paper sky-
rocketed. Papermakers couldn't find enough eid ciothes and 
rags to turn into enough paper to meet the demand. Surely, 
they thought, there bad to be something they couid use that 
\vonld provide ptenthd papermaking, material so books and 
writing paper could made \vldeIv r:iiabie at bw cost. 

B.P. (Before Paper) 
You have to go back a lot longer than 2,000 years to discover wnen peopie 

started writing. lt seems from the time of the cavemen, people wrute and 

painted on cave walls. Early on, they drew designs on wood, on wet clay, 
and on metal.The Chinese, beforeTs'ai Lun gave them paper, wrote on 
silk cloth—very expensive stuff—and made heavy, clumsy books from 
bamboo.The ancient Greeks used parchment made from animal skins. 
Egyptians more than 5,000 years ago wrote on papyrus made from Nile 
River reeds, cut into thin strips and crisscrossed in layers, then hammered 
together into thin, hard sheets. Our word "paper" comes from the word 

papyrus, but papyrus was not true paper as we know it today. 

PULP AND PAPER 



Early paper was made from cotton and linen rags. Papermakers had a 
tough time getting enough rags. When the Black Death, a horrible plague, 
killed millions of people in Europe during the 1300s, tons of rags from 
clothing became available for use, and dealing in old rags became a 
thriving trade. Some historians say the Black Death entered England 
from Europe on these infected rags. 

in the 1700s, French scientist named Ren Antoine Ferchault 
de Raumur reaiized what couid be used as a pientiful papenrak-
ng rriaterial. RaUIiiUr watchecl a, paper was , n huild J nest till 

ci'.vciiiip wood. The wasp wouhl chew 011 vüod, grind ii 
digest it with its internal enzmes (an early form of what we ciii 

1 spit it out, r 	ng 1 fine papei tu create 	Its 
nesl itit hit. As iliras ive know, Rdaurnur tcver tried tu chew 
u ,  wood himseif to make paper with it. Howüver, hc futind that 
panei couid he made from wood, and wood was pientiful and 
pracUcal. A maier sten toward modern napermaking had been 
taken, but it wuu]d not be unijl the laIe ii.00s 11111 tet.:hnoiogy 
was deveioped to use wooci on a large scale in papennaking. 

Papermaking in Colonial America 
The first paper mill in Anieh.a 	is bii11 in 1690 near 
Germantown, l'etinsyivanla, hy \Vtiiinn Rittenhouse. He bad 
been an apprentice papermaker in Holland. He seit od near 
Philadelphia because the City's population was big enounh to 
provide hirn with the iiain raw material that Was still h ei ng 
used for paper at that flutet oid rags. He also cilclse a suol 
where there was plenty of water, the other necessary ingredient 
for making paer. The fett American aermakers were trained 
at the Getnlatitown mifl-----one sheet 	time. 

Makirig paper by band, sheet by sheet, was siow and 
tedious. The rags were washed and theo kept darr für weeks 
so hcy would partly rot. The wet, decaving rags w're then 
ground into a puip and pounded with watet iii •1lgolooden 
vats to make a creatnv batter. 

Then it was the role of a skilled "vatrnan" to dip up a 
thin layer of the pulp on a wire screen stvetciied over a wooden 
frame. This equipment was caHed a mold. The vatman drained 
off the excess water, then gave the mold several 	ierks 10 

shake out titosl eI dc retnatning water and to heip niat and 
lock the übers together for stUOfli ii. 

PUIP AND PAPER 



No Squares Here 
Why is paper rectangular in shape, not square? Probably because early 
papermakers—vatmen--found it easier to control rectangular molds than 
square ones.The rectangutar shape mode it easier to dip the mold into 
the vat, then jerk the Iayer of puip evenIy Tradition kept the shape rectan-
gular, even after papermaking machines took over from skilled vatmen. 

The vatman passed the moid to the "coucher," who 
carefuiiy turned the moid over on top of a piece of felt and 

	

s:i:en until the 	paper feil out of 
a Iaver of fe between each 

sheet of wet pa:-•c - 	:h s:ck g::'; to 144 papers. Then the 
stack, or post. .; squeezed in a press to force out \vater and 
cor'a: he pa;: fibe:s gether. 

h7ast was iurnch nwer to a "layman" who carefully 
peeled the paper from the felt, then laid each sheet of damp 
paper on a fresh. ..rv piece of feil. The lavman as 	all the 
shees of paper, a -,ering thom as before with 0 -- 	h.e:i the 

ah he post) was :ain sca:ezed in the p:ass : :c:ove more 
vater. ' :s was repeated three times. After the last pressing, the 

paper was a 
At this 	ha aa;ar was too absorbent to print on. Ink 

vouid make b1otch:-. 	:g to write on a paper towei with 
a feit-that.'aJ pen. To prepare the su 	to 	hih crispiy, each 
dried sh: of pn'er ws dinped in a ;at of szhag. a gurnmv 
liquid. Then thc s 	.arSa :nce more lavered with telt and 
squeezed in the press to remove the excess szing and hond 
the siz:c -.vhh. L.  

;aass was slow and rags were hard to get, 
paper was alwavs:: :-Iort suppiv. In the eahv 1700s a good 
papermahng team .ac.. Id make v ab..'a j,500 sheets of paper, 
about 	hv 30 inchas, in one ch;s wc:a. 

Sthi, 	some paper :a:aiiabie, the American colonists 
hhe first newspae s :.aonies 

:ounded in 17h5,, 
Mercun' (1719). 

After a while, Great Britain required the colonists to pay a 
tax on newspa:a ai pamphas. This ne - ,-  tax, iinper.zl hy 
the Stamp Act T5. did not weil wit:' '«e Americ::s. 
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One of the oldest words in papermak-
ing is 'ream:'The word can be traced 
to the Arabic "rismah" or rizmah' 
meaning a bale or bundle (ofelothes, 
paper, etc.). In French the word is 
'rame' and the Dutch Variation iS 

"riem" Over time, the number of 
sheets of paper in a "bundle" or ream 
became fixed at about 480 or 500. In 
the United States, a 500-sheet ream 
of paper is the most common. 

C.: - anial printer 	‚v::ks that spoke out against British 
rd the Br.: 	vernrnent responded bv trying to restrict 

aking in 	a. 
So irnp:': :,ras papermaking in the colonies that a 

skiIi 	: 	 Pennsvi:.iria, 
was 	 776hvas::::aI1. 

:c-v sent hirn 
to make the 	s 	.'c:e clesperately needed to produce 
paper fc: 	::iiitary orders and dispatc'cs during the 
Revoluti :. 

The modern 

paper machines 

on which most 

Dt our paper is 

made today are 

basicafly just 

mproved 

Fou rd rinie r 

machines. 

From Handmade to Machine-Made Paper 
£urope, inventors continued to work on w.s to speed up 
:9rtnakins 	Nicholas-Louis Robert of Frat..c ;-vnted 
achine t::a .v 	 arrn a continuous sheet of nc: 	a 

moving wire screen, rnaking 	production r:ch rster 
expensi:c :han rnoLi.:a 	sce: 	ind. The 
n. a hu-  et'  

Twc 	g1is 	:rs 
developed a pra. aI version of the continuous paper machine 

he earv 1800s. Mills in F::. 5:;T. 	:id A:.:c:ica 
ured 	ese Fourdrinier n:c:s, s 	e;:c cornr:i:!y 

called. The first paper rnachine in the U::: 	S:ates was set up 
in a 	7i1ade1pI: 	n 1817. 

.e new U:::i States boa.sted 185 paper milk. 

Rags for making paper bc:.:ne c: :. 	scarce, and ihc- 
was on for plentiful niateria ,  iat could serve as a better 
a!rr've. Ms tese.. tree bark, sugarcane waste, straw, and 
c:s:a.s fc urcE:c fiber. 
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Of the available raw materials, wood stood out as the best 
and most p::ifuI. lnvento: 	veoped •.vorkable v:a,':s to grind 
wood for makii:: .vood puip. In the 1850s and '60s, Ensi and In 1863, tne 
Arre:an chem::s fou: -.c teC: ::ld ute cherc!s to see Boston Weekly 
the 	v:od fibert. .\Jout 	•SO. Oc:::ian c 	f:.tt: Ci::. F. Dahl 
perfected the use of wood for papermaking by adding yet Journal became 

another chemical. fts suIfa:, or kraft, method s::ead quickiy the first American 
and reached the Unicd State 	in the earlv 190C-1s 	Kraft means 
"strength" in German.) Los': - :ast, mass-produced paper soon newspaper to be 

became available. Books, r::•.vspapers, and magazines •.';ee printed on paper 
pri::ei in a:ee numbers. Schoolchildren gave up their writing 
sla:.s 	n fav:: of paper. made from ground 

wood puip. 

Paper Firsts 
Todav, paper products such as cups, towels, and tissues are so 
•:c'.mmon that we ue :he::i daiv 	nd hard: hink abo::e ehem. 
Not so long ago, 	peop.e did not bve these h.:iv 
items. Consider these: 

• Toilet paper, invented bv American Joseph Gayetty in 1857, 
xis consider 	a lux:, item at first, but it came into wide- r 
spread use aiier the Cvil War. 

• Gec.:ge Eastman manufactured coated photographic paper 
in l5. 

• In the 1800s it was common for people to drink after one 
another from a single cup attached to a public v;:er fountain. 
Disposable pape 	cups came alcnc in the ear!v i 	Os as 
protection agaii: 	he germs an.:seasc- 	:h: 	':c: 	spread 
bv people d 	dng out of the same cup. 

• During a cold epidemic in 1907, a Philadelphia teacher 
sus:c:ed 	her stud: 	s'.::ding 	erms by all 
usit:z :ne si:: 	cloth tcv. Sc c:: ::c-avv :.eer into 
sqLr.5—the fi:s: paper towels—and gave :hc-:ri to her 
students 10 use. 

• When cars .nie on the American s.:c:1e, women began 
using more .metcs !' rotect their skin frorn the effects 
01 wind hit 	the 	 rode in cars that 	-e 
open to the elemei 	en used cold cream to i oe 
the 	metics and mey netded 	tor wipi"o 	the 
coLc:eam. In the 1920s, facial 	were deaped for 
women to use for removing cold cream and makeup. 

PUIP AND PAPER 	11 





• 	. 	. 	. 	.. 

A Walk Through the 
Papermaker's Woods 

All fruitsand 
Paper consists mainly of cellulose, a substance that strengthens 
the sterns, roots, and leaves ol trees, grasses, ancl other plants. vegetables 

Eariv 	ruakers 	lisucered tiLn the inner bat k ei certain contain cellulose. 
shrubs anj 	rees Cnn eck, a 1a11, ly pure turm of cellulose fibers. 
Wood k 	hah ceilulose. The purest form of cellulose Obers The stitl stalks 

that occurs naturally is cotton, which is more than 95 percent of celery, for 
cellulose. The hghest cpnitty papers are almost pure cellulose. 

Anseim Paven, a tC'+ chemist, 	nitied ceiltinse in example, are 

wood in the 1830s. Wood has been the major raw material rich in cellulose. 
in oap€ruking for mure tha 	100 vears because it is wkiely 
avaihihle and it is a rernubi.' (repceabk'j resource. 

Many of the natural resources we use, such as ores, oh, and coal, are not 
renewable. Once they're taken from the grourtd, they can't be replaced. 
They are gone forever.Trees, however, are a renewable resource.We can 
plant and grow more of them to replace the ones we use. 

Trees Used in the Paper Industry 
Trees are eilen gr unect as souwonds (needleleaf er evorgicen 
trees) and hirdwooiis { t)rnad-lea\'e(l rees that lose t]eiu leaves 
in he fall and wintert. be wui Obers from different trees valy 
inlegih, rum er ... tu tuch (1 to 5 millimeters) long. The 
lotgev fjhe  i ein sutwood trees such as pines, firs, hern-
locks, and spruces. Hnutd-ft'aved trees such as aseens, beeches, 
birches, gums, maples, and oaks have short Obers. 

The shorter hardwond Obers that provicle bidk and smooth-
ness in paers er pruttintz and writing .ire used tor softness in 
toilet tissue. V , t lung-Ur ft\vcnd übers are used for papers that 
need tu he streng, such es rekaging papeis. Papermeirers mix 
these Obers in conbatinee, depending on 'a hat Illey w.int the 
finished paper to look iike and how it will be used. 

PULPANOPAPEH 	13 
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. 	 Some trees are grown and harvested, like a crop, especially 
for papermaking. Paper manufacturing uses leftover scraps of 
h.imber and the trimmings, sha'ings, and wood chips from trees 
that are used for other purposes such as furniture making and 
bulding construction. In the United States, recvcled paper and 
leftover woocl make up about two-thirds of all the fiber used in 
pull) and paper mIlls. The other one-third comes from whole 
tree trunks. These whole trees are generaily sinall, beiween 

	

. 	id 8 inches across. High-quality trees larger than 8 loches 
‚: 

	

	n niameter can be too valuable to chip up für paper. They're 
normally sawed into lumber—boards and planks. 

Spruce— 	 Trees that are dving 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 für 
wood pulp. 

Leaves, needles, small branches, and roots left in the forest 

	

r 	enrich the soil and hold it in place, and can be used as biomass 
fuel 10 generate energy. Nearly every part of a tree gets used for 
something—lumber and paper, or für products ranging from 
photographic film to chewing gum, shae polish, dyes, soaps, 
glues, medicines, rayon tire cord, and LCD screens in your TV 
and cdl phones. 

Sustainable Forestry 
Maple— 	Many pulp and paper companies 

a hardwood 	plant, hrvest, and replant Iheir 
own foesi lands. In the United 

• 	States, most of the trees that are 
harvest'd tor papermaking are  

-.... nlanted and grown in forests called 
ne 1d1,711. When these trees mature 

ULI ire cut dowr ew ones are 
ed ta rc-piace then . a oracih ü - ‚‚ 

nn n a 	11 s type 
- 	 of forest management is called 

Oak - 	sustainable tirestry 	 ' - w41 w 
a hardwood 	 Professionai 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 vood fiber for the products that the 
pull) and paper industries make. lt's in these inclustries' best 
interests, therefore, to protect the health of forests at the same 

14 	PULPAND PAPER 
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türe hev harves rees to make their products. Parer companies 
wo.- .-, : manag- ::: .ands so that the iorests 	keep ort To suan a!hing pro,duc -. : -.z Über tor paper prodt:::. habttat tor :t:: and wildlfle, 
clean water, clean air, and woos where Scouts can go hiking 	means to keep it 
ind CamDin!. 	 up or keep it going. 

t scpR 	rees b'. 	Na: 
:hcse •aradctans prcvea aa:ae, bat Tobv tne 
::as as 	are t:ees :an ac 	ss 

Forest Management Systems 
Se.3I methods, er systems are used to harvest, theo reolant 
tresa Here's a quick look : ::ie svs:s:ns commoniv ureb fn 
American forests. (You can find more ahorn these 
in the Rnta :-: merit badge pamphlet) 

C*ear-cutting is harvesting all (er almost all) 
of the trees in an area of the forest. The cleared 
area is then sown with seeds er planted with 
seedlings. Or a new stand of trees, all the same 
age, mav grow naturallv from seeds dropped 
by trees around the :Nared space, from seeds 
already on the forest floor, er from sprc : that 
grow from the s:'.vnps and roots of the i treeE 
Clear-cuttingis a :ommon harvest method for 
trees grown tor PUPWOO(i. 	 Cearcutting 
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Shelterwood 

Single-tree sesczion 

• 
rorn vi::: a ne;vs!i..Reeatzera 

ha:es:ed. Dng har:esig. a 
anv eed-produc: rres are ieft sLanc- 

:. sd the area The. when ihe reh cr 
-ees, has b; . -.ah: :he seJ 

ste;:' an be 	.. 

• In the shefterwood System, ireEs a 
in stages :ra .::.::i Y. o 20 vears. A ne'v 

	

yvs ;vhere an aiJA er.. z ,- , : 	Thr- ..... 
are Ieft uncut—±e eevvj—shae 

‚flg.Z and vnjng :rees. Such trees a  aak. 
:s.: 	.. nd wh:ie 	:.: shade ;vhe 

therev.:.g..s:hs ..w:reesgrn:..: 
sheterwc trees an 	haested. 

• In the single-tree seectn System, trees 
harvested End;vidualF :.z :r:.r . Seedlir 
er sprouts  
Smilar srnai pacii . es can : 
seIecii.e!v ha:ested. ma 	- 	rr 
irees but 	: 
prodt.. 	sleciian c::ttng zrea:es 

a irrest. and zo m warks 
atgrov we] n shade. 

as American :di and 
• tmprovement cuttings :nav -  : --najen, ... 

ibe rencr;e u:ide ie rees—.nder 

	

::.es that are 	r.dng larger rees, 
fir example. Salvage cuttings a:: :. ........:: 

vest trees damage-i kv wnd. e,::: 
te cicar ihe ;vav fee nesv 	San: ' tation 
cuttings rerneve .......................... ecrkir 
afected bv dtsea. -........ : 
neghborig :rees 
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Forests and 
the Greenhouse Effect 
You've probably heard of the greenhouse effec 
warming that happens when carbon dioxide and othe 
gases trap heat in Earth% atmosphere much as a ass 
greenhouse captures sunlig Many sciensts 
thetrapp 	eatcan raiEa 	verage 
cause se aielsto rise, 	cnaethe world's CI:ma:e 
in ways that may lead to extreme, damaging weat* s , 

Forests combat ihe greenhouse effect because, in wood, 
mey naturaily capture and store carbon (carbon dioxide) horn 
the atmosphere. Products horn the forest also store carbon. 
Paper and wooden houses and structures mav store carbon for 
decades throughout their lifetimes. 

	

In 	way, the cvding of carbon back into the atrnosphere 
is delas The fona:a. especialiv young, vigorouslv wing 
forests like those used in the paper industrv, are carbon sinks, 
good at fixing' amiospheric carbon as irees take in far more 
carbon than they give out. 

SD555 7 res 	ca 
25 	cncs of 

carb 	ocs r<m 

nSteaO o 

ot oatcn 

Y3UO 
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How Paper Is Made 
To see how wood is made into paper. Iees start with a tree 
ihai is Lested from a tree farm. The trees limbs are taken 
oif, and zhe trunk is hauled to a puip miii. At the mill, the bark 
is removed, to be burne 	r fuel or made into garden muich. 
Then the wood in the trunk has to 	eparated into individual 
fibers, a process ca1r pulpin,g. Anc :m the puip, papt'r is 
made. These are th 	ps: illustrati 	showing this pr: :s 
appear on the next pages. 
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Pulping 

Puip that is not The three main pulping methods are mechanical, chemical, 
and semichemical 	which combines chemical and 

made into paper in mechanical methods). 
the same location 

Mechanical Pulping 
as the puip can be Groundwood puip. The original way that paper-makers rnade 
rolled, dried, and wood pulp was by mechanical means, simply grinding up the 

cut into sheets wood to senarate the fibers. In the oldest mechanical rnehod, 
cafled the s rone grourtdwood process, short logs are presscd 

that are baled for sideways against a grindstone that tears fihers out of the logs. 

shipment to Friction heats the wood and softens the ligrtiri (a natural giue in 
trees that sticks the fibers together). The lignin is not reinoved. 

papermaking Paper made from groundwood pult) is good for printing on, hut 

facilities around it's weak and—because of the lignin—i„ will discolor, especialiv 
in sunligh?. Mechanical puips are suited lor Iow-qualitv 	'ti1.ig 

the world. papers iha are used hnefiv, such as newsprint for new; 	pers. 

Thermomechanical puip (TMP). Though the old stone 
groundwood method hasn't altogether disappeared, modern 
methods of jriechanica 	puiping havc rearly replaced it. In 
the method known as üwn'riornechar.ical pulping, the wood 
is first cut into chips about the size of a quarter. The chips 
are steamed to heat and rnoisten them, then fed through a 
machine called a refiner, which spins the chips at an elevated 
temterature and pressiare. Tie diks 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 kindergarten writing 
paper and hold lt up to the light. Can 
you see bits ofwood in it?This is 
an example of paper made from 
mechanical puip. Such paper doesn't 
need to be strong, bright, or pure, 
because lt isn't meant to last as long as 

4 a book printed on fine paper will last. 
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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). 

- 	 ‚ 1 
Nimm 

- 	 . 

' 	 ? 

r ' 	 ' 
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Chemical Pulping 
In chemical pulping, chernicals dissolve and remove much of 
the lignin. Wood chips are cookecl in a solution of water and 
chemicals, in a big prc'ssure cookcr called a digester, until the 
fibcr fall apart. Chmicai pulii producs stiong paper thar 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 recyclod.The dissolved lignin is either 
burned to generate steam and electricity that is used in the miii, 
or is made into many different byproducts. 
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Semichemical Pulping 

Sernichemical processes also use chemicals to soften and 
Fin,shed pulo 	hreak down lignin. But then special rotating disks are used 
looks like watery 	to mechanically separate the wood fibers. 

mush. But examine 

a sample of 

pulp under a 

microscope, 

and you'II see 

the separate, 

individual 

wood fibers. 

Cleaning and Bleaching 

Pulps are screened to remove knots and clumps, and are washed 
to get rid of impurities and cooking chemicals, which are recycled. 
Some )ulps are bleached to procil.Ice white paper. 
Good-quality writing papers are made from 
biends of bleached chemical pulps. B1eiching is 
often done in a series of steps, using different 
chemicals at each stage. The bleach ing chemicals 	Ilz  
either remove the color-causing compounds from 
the puip or make thern colorless. 

Brown to White: Bleaching. A senes of chemical 
bleaching and washing processes tums brown 
wood fiber into white puip. Unbleached puip 
makes brown paper, as for grocery bags, kraft 
wrapping paper, and cardboard boxes. rt: ii 

The oldest pulping pro- 	 rE 'ii i 1  
cess—rag pulping—is still 
done. New rags—scraps 	/ 
from the textile industry— 	/ 
are preferred, though old 	/ 
rags can be used.The rags 

are cut up, cooked in 

chemicals, then washed, 

bleached and rewashed The resulting pulp Is 

used for making fine writing papers, business 

letterhead and art papers, and durable, high-quality 
papers for such things as blueprints, legal documents, and paper monay. 

The paper used for American paper money is a blend of cotton and 

flax.The long cellulose fibers in cotton and flax make a strong paper-
which is why a dollar bill can go through the laundry, hidden in a pocket, 

without falling apart. 
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How ['APER IS MADE 

Papermaking 
Here jr !w paper is made. 

Ref 1 ni ng 

Most puip can't be used for papermaking as lt comes from ehe 
puip mill. For most grades of paper, fibers direct from a pulping 
operation wont bond weil enough Co make a strong sheet. The 
fibers must be unraveled or frayed Co increase their alty :o 
bond. So before the fibers are put into a paper mache, 
tvpes of beaters and refiners are used Co loosen 	mtie 
them more flexible so ehe fibers can bond together bete: The 
qcaliey of the paper depis an how much the pulp 15 refined. 

FHxing and Blending Pups 

ge: a paper t:iit has he ces:reh rotor. strength, texture, writing 
surface, arid oder quahies. uie rigiit ingredients must be mixed 
togeeher in the proper amounts. Softwood and hardwood pulps 
may be blended, and they may be n:xed .„ - ith recycled puip. 
Papermaking dhemicals and minera are added: sizing, to make 
paper resist vater and take ink; flhlers, Co fI ehe spaces between 
the fibers 1° improve ehe properties of ehe nal paper; and dves, 
to 	c 	r. 

- -.: 	 -- 	 -- ---'--.. - 

Mixing Things Up. In the paper miH, different pulps ccc 
combiried, and papermaking chemicals and minerals 
are added. 

Tobe used in 

paperoukn.g, 

baled palp is 

repped r 

Co mtu s• 
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Forming the Sheet 
At Ehe 	end of Ehe pauer: LLing machine, the wellblended 

Moderr pulp (99 percent vater iT 	 is spread onto a long, wide, 

paperffrg endlessly moving screen cafled forming fahric. Right away, vater 
hegins to drain from the bottom of the forming fahne. The waten 

machines, running is coiiected and recvcled. On the top side of the wire. übers from 

at speeds above Ehe puip catch and begin to bond togethen in a thin mat. \cuum 
is used Co such more vater from the mat, hut when the wet paper 

60 mIes per leaves the wire, it is still mostI' 	vater (73 percent) 
hour, ran make To press out more vater, the wer paper is squeezed hetween 

heavy presses. The paper, supported on endless fabnic loops 
contrnuous sheets calied fells, leaves ehe wer end of the papermaking machine. As ii 
of paper up to moves rapidlv to ehe dcc erzd, ehe paper passes hetween huge 

33 teet wde, 
metal cvlinders that are steam-heated. The:: Lot cvlinders heat 
and drv the wer sheet. 

--cc: 

On the paper machine, a va 	pues water through the bottom 
ofthefonuing fabric.The pa: machine also has presses- 
mtles-that squeeze water 	of the paper. 

Temperature Rising:The Dryers.The steamheated cylinders of the 
main dryer heat and dry the paper.Then the sheet may go through 
a size press, where a starch solution is appiied to seal both sides 
ofthepaper before iepassesthrough anafterdryer. 

M.o:o he: : :lers press, or fron, the drving paper smooth. 
This part of tho iv ichine, called a calender stock, evens the 
surface and makes the paper all the same thidkness. 

MM 



Ho\ Prcn L MADE 

Coating the 	er 
Either en ihe p; rnaChine n  afterward, paper cm be coated 
Most ci the ihre paper is cc 	to irnpiDve its smooibness so ir 
will pnnt heiter. These coati - are usuallv composed ci minerals 
jike calchum carbonate zw ck-r, and combined witit binders like 
starch or Latex- The thick cc ing slurr is applied to crie er usualF 
both sides ci tue paper in a verv thin 1a7. -er with rdllers er other 
devices. The wei ceating laver driech wtuh sreamheated drver 
cvlinders. iizsr Ehe those that were us: to drv the wes sheer beior-
ii was caateil. The coating sravs rnostiv on tute surface ci the 
napen so a verv drin laver—nerbaps 10 rd 20 percem ci the tonri 
shee: weh ht apped ;c each stde—tu suffident to greatly haprove 
ihre srnoothness and brightness ci ihre papen 

Coatings ccii be made more kssv or example, for calendars 
zu mara±te cc'vers bv careful choice ei ihre coatig components 
and also bv pressirrg zw ever hnffing die coated sheet after il tu 
driezi. Funcuonai ccatincs a 	aolied for scecial purpase: lifte 

enraI rni.bg paner for 	hier receipts and portable 
pralters. mhipart forms. oarungs such as anihtannish 
:r zwolsture resistant coaungs f:r ;vrapping sinall metal parts. and 
adhiesi;s : :atir2s dir stick-on labels anti rapes. 

Vax tu aphed ic paper to make waxed papers in a process 
sirniiar to caating. Vax napers 	trrie :cated Japers. 
because 

 
„he wax actuakv ram 	sheet ccnnpletelv rather 

dran coaihng ihe 	niv. 	pesurface trearmenis 
are apolied with::mc 	roces. For example. 
nizih cartotis a:e exzrz 	coated une pias:ic coating tu applied 
a: hich temperazures, 	its meiting pount. anti fnii-coated 
paners are usuakv mae 0v :aininating sireets ci mi omo tEe 
paner .rkh a binden 	rl ccafings are applied separate 
irom ihre napermaking 

I # 
Alt RoUed Up The paper passes thmugh a cakrder stank tiat 
gws lt a  smc1h and sven sur. Then t s cQUected cm a larqe 

li Wo" roUsthatfl$ttfls cw mors O,tn M4MW,  
theslittodesedwidths and woind 0  cis, readytr, 
be shippei to custmers or tut lifte srnaffer sheets 
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Winding and Gl ftt i ng the Paper 
Vhen zhc naje: 	is wond xze a !ng ste1 reel. These 
'urnx Es 	aper can be silt 	snaJer ns tor sae or tor 
ther rzxesshg. Fron: rheseros co:ne ?nn:in. 'ubiishing. an - 

pape "e 
ncoes. aIes ana cnrs, enveooes, ano nanv rnne: 	1ns 

1.:e n:ocess Oz nakng paper 	jc:s tron: :he arne ros 
ming on mc japer machrme iz fkno -..vn as 
siim ari ci1 mo :he righm .ze an,  shape and :i:av be 
ded ar-.d gled mo torm tue fina produom. Somne Iam: 

:c 	ver:a;j wth a thin sheem cf plas:ic. caled n:tam:ng Much 
s riace : 	paj'er :s torned nmc toJed rarmons, such as ce:eal ho;es. 

and nmc 	ed lx'ard. used tor :r.adng 5hiLOIOg boxes. rraches ca ed 

corugators 	Comigated Board 

fonipanies shlp producms such as Thh: buhs. glassware. and anous tvDes 	vour nev DVD in cormugared boxes mc ses:re abo pro:ec :hem 
ocopverjn 	dasr.age. A ;vhopping 95 nercent ot all n:anm acured obos 

amesped in cornamed boxes. 
m macres are 	Ccrrugamed parkaging is made born nvo 	sheers ot paner 

ther used to 	caed lomc giued to .i muidle javer :ha: har hdaes abo nnocves- 
1 Ic a -.3r 

mu000x050ut 	 - . 	 - . 
:onnecte arches, whcn can szxorm a om o: 've;gn;. Itme ttmree-

o the boasd aer SiPJCUjIC makes cornagaed bzard rigtmi. s:rcng. abo hard 
cmustm. The ai: brcularing in die tmuccs die gnxnes aso arms as 
an insulator. pro:ecting aca:nst rhan,ges in 

Wnat many people call cardboard is known to 
paperrnakers as paperboarcLThis stiff type of 
paper is used in food packaging (such as cereal 
boxes) and for other kinds of containers such as 
shoe boxes and video garne boxes. Corrugated - 
paper is foded into ridges and grooves, giving it 
a strong Structure when glued between two 
sheets of liner. 

Get sampies of paperboard and corrugated 
and compare thern.You can find many examples of paperboard in the 
kitchen, in food packages. For corrugated, cut a piece frorn a shipping 
carton and peel apart the Iayers to see the flutina inside. 
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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 	Companies that 
customers. Afterward, used boxes and cartons made of corru- 	manufacture 
gated board can be recycled into new paper and board. 

corrugated boxes 

Visiting a Mill or Plant 	 and paper cartons 

For your work on this merit badge, you may choose to visit a are located 
pulp or paper mill, or a container plant or box plant. The United nationwide in 
States has more than 350 paper and puip mills, found—as you 
might expect—in forested areas but also in urban areas. Some cities large and 
are in the Pacific Northwest. Many operate in the South, in the small Thera are 
lake states, and eastward through the Middle Atlantic States 
and New England. about 450 box 

Work with your merit badge counselor to arrange a visit to plants in the 
a pulp or paper mill in your area. To find a box plant to visit, 
check your local telephone directory under "Boxes—Corrugated" United States. 

and "Boxes—Paper." You can also search the Internet for paper 
mills and box manufacturers. 

As of 2010, the 12 states ranking highest !‚ 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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Here's an astonishing number to digest. Each person in the 
lJnited 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 garnes, 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 rnoney, checks, birth certificates, marriage 
licenses, permits, and all of the docurnents we need to go about 
our daily lives? 

The home you live in was built with wood and paper 
products. Those Iaminated kitchen countertops, the insulation 
that keeps your house cool in summer and warm in winter, 
gypsum wailboard, walipaper, 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 exarnples you can lind 
all around you. What other paper products can you think of or 
lind in your home? What new products are being developed? 
(You may discover several fascinating examples if you do 
requirement 7e, about research and developrnent in the 
paperrnaking industry.) 
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At School and Work 
Books 
Business cards 
Calendars 
Copier and printer paper 
Envelopes 
Maps 
Masking tape 
Notebook paper 
Paper money and checks 
Postage starnps 
Poster board 
Report cards 

At Home 
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 
Wa Ilpa per 
Window shades 
Wrapping paper 

In Medicine andTechnology 
Bandages 
Filters and gaskets 
Hospital and surgical gowns 
LCD screens 
Medical charts 
Surgical dressings 

Sutures 
Pollen and dust masks 

Just for Fun 
Board garnes 
Bumper stickers 
Coloring books 
Confetti 
Gum and candy wrappers 
Jigsaw puzzles 
Kites 
Paper airplanes 
Party hats 
Photographs 
Stickers 
Streamers 
Tickets 
Trading cards 

Products From 
Byproducts* 

Caulk and putty 
Cellophane 
Cellulose sponges 
Chewing gum 
Combs and 
brush handles 

Eyeglass frames 
Furniture polish 
Ink 
Paint and varnish 
Perfu me 
Photographic film 
Pine oil 
Sausage casings 
Shoe polish 
Suntan lotion 
Turpentine 

"These items are made 
from byproducts of the 
papermaking process. 

People pretty 

much take paper 

for granted, but 

we would be 

harclpressed to 

live without lt. 
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HOW \VF USE PAI'ER TODAy 

!J ti a i iiiiiTrI ;i.'J 

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 lt 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 lt in a recycling bin. lt's best to keep all paper products 
intended for recycling out of sunlight and wet weather, because 
exposure to the elements makes lt harder to remove the ink 
from the paper. 

The paper is collected, sorted, wrapped in tight bales, and 
transported. Once lt 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 puip. 

Recy:s \k/nted 
In the Uni 	:s, more paper 	•y:Ied than is buried in Iandi 

That is good tor our environm.t 't c need to do better. Ac/: 'j 

to theWeyerhaeuser Corn 	r 	 fl 'enship and Environmr. 	ort: 

Current tren(- 	 ; 	ouraging. 	fewer c 
ers are making 	 Sime research indicates ur: 

consumers 1 	 s committed to recycling in n 
consumers 	 ame of age ata time ofvi' ;  

ous public eu; tic 	 rits of recycling. 

You and your fE 	r S 	 )fage now. Will you be part 
ofthe probern, 	 -lememberthe three R's: 

Reduce, Reuse,v;ft 
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The puip is screened to rernove small contaminants. lt's 
further cieaned by spinning ii around in cone-shapcd cylinders. 
Heavy bits like staples and paper clips are thrown to the stde 

the cone and fall out the hotrom. 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 
chemicas are added to makc' the remaining ink (bat to 
the surfacc, whcre it is skmmed away, leavtng clean 
pulp behind. The ink, along with clay, glue, and other 
materials and impurities removed dvi ing deinhing, 
can be bi.'rned for energy tu run the recycling factllty. 

The pulp, minus all the ink, goes for refining and, 
if necessary, for color stripping and bleaching. (Puip for 
making hmwn recycled papor, such es that used for industrial 	L • 
papor towels, doesn't need tu be hbeached..) From this point, 
the puip is used just as it would be if it had been made from 
fresb wooci chips raiher ihn recycled paper. Papermakers may 
use Ihe recycled fiber alone, or combine it with valylug 
amounts of new wood fibers to produce different kinds of 
paper. Recycled übers can he made into many new products 
including hoxes, newsprint. nepkins, towels, 

s, - rlrIno flrInor envelopes 
cartons, and paper bags. 

What's great about recycling is 	hat, -/ 
in the end, a new paper product is created 

» 

from material that might have ended up j 
instead in a landfihl. Recycling is an exceflent 
'xcv peonle and 	apermakers can 
work ftether to itave a cleaner and 
more sustatnao!e environment. 

fl 

The industry is trying to cut 	on its need tor new 
fibertaken from trees. New technotoges are beinp 
devetoped to make paper with kiss fibei, and to rnake 
even more products with wastepaper arid recycled 

fihers.Though most recovered paper is recycted bock 
nto paper and paoerhoard products, lt can be used tor 

such purposes as insulation and ooting ever animat 
bedding, cat bitter, and fuet. 
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H 	W 1 U s [ PA Pf R To DAY 

Everyday, U.S. 	
t 

papermakers 	 - 	fl  

recycle enough 	 L. 

papertofilla 

train of boxcars 	 :- 	 - 

15 miles long. 	
•- 

The United States is the wodds argest paper recycler, 

wth more than 200 miPs now using recycled paper. 

Even so, the wastepaper that wo Americans throw 

away makes up almost a third of all the trash that goes 

into landfills. Wo could save a lot of landfill space if 

wo would start thinking of wastepaper as a valuahle 

resource rather than as trash. Wo could also save energy. 

Recycling uses half the energy needed to manutacture 

paper frorn new wood.Think about that tle next time 

you throw away a piece of paper. 

Reusing Water and Leftovers 
Recycling is important in many ways in the pulp and paper 
industries. Fiber from recycled paper isnt the only thing that 
gets recovered and reused. 

• 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 poteniially 
hazardous chemicals from ever reaching the environment 
outside the mill. 
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FI0wWE USE PAPER 

Making paper takes an enormous amount of energy, but puip 
and paper mills can generate energy by burning waste wood, 
bark seripped 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 alrnost completely seif-sufficient in energy. 

Looking () Nature 

: 

1: 

- „- 

Same of the strongest chemicals used in paperrnaking are the bleaching 

chemicals that whiten pull). Researchers are looking tor more environmen-

taily friendly bleaching agents. One promising approach uses enzymes-

natural chemicals made by living things—that work in a clean, biologica! 

way. Enzynies are also used as an energy-efficient method of removing ink 

from recycled newspapers and magazines. 

Other researchers are interested in a fungus that chews through the 

lignin in wood Co predigest wood chips, making them satter anti easier Co 

team apart into fibers, Mechanical pulping using "biopulped" wood chips 

takes ess energy, And because the pulp has less lignin, paper made from 

this kind of pulp is stronger and less prone to discolor. 

Researchers are also looking for advanced uses of nanocrystaline 

celuiose. This material, which is extracted during ehe puiping process, is 

stronger than steel. Scientists are trying Co discover how this super-strang 

byproduct can be used to reinforce carbon fiber structures, making that 

synthetic material stronger and marc stehle. Carbon fiber is used in many 

products, from fishing poles anti golf cluhs Co boats and tootballs. 

These are just several exampies of research in the paper industry 

aimed at reducing pollution, protecting the environment, and improving 

the products, What other new ideas can you find out about? 
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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-frilis copier paper, shipping boxes, Scouting 
books, and bags for everhing froin grass clippings to grocies 
and gifts—even your hornework papers. 

Be aware that papermaking is messy. Be sure you get an adult's OK 
before starting. Wear old clothes and set up your workstation in a clean, 
safe area that will not disrupt others. If the weather is nice, you can work 
outside on a picnic table or patio area. If you are working inside, be sure 
to protect the floor by spreading newspapers under your work area. 

Preparation is the key element in successfully making 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 anti know 
what supplies you will need for each stet). 

ki 11 i ,itI flT1 

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

36 	PULPAND PAPER 



Basic Supplies Needed 
Firte mesh fabric, flexible plastic 
screening, er stiff nylon netting 

JTwo inexpenswe 8-by-10 wooden 
frames er a large wooden 
embroidery hoop 

iStaples ortadcs 
• Assortecl scrap papers: 

—Unprinted computer paper 
er copy paper 

—Household paper (facial tissues, toi-
let paper, napkins, er paper towels) 

—Paper bags 
—Construction paper 
—Index cards, old greeting caras, er 

cardstock scraps 
• Large measunng cup 

• Large mixing bowl 
• Bowl scraper er rubber scra: 
• Large wire whisk er 

hand-held eggbeater 
• Newspapers (to cover floor 
• Plastic basin er tub (bigger 

your papermaking mold) 
• Cookie sheets er large. fiat 
• Towels, absorbent cloths, 

newspapers, er paper tOwr 
(tor couching) 

• Sponges 
JSpatula 
• Rofling pin 
• Paper-size pieces of fett, flannel, 

er any other thin cloth (for dryin: 

Step 1 (if using a hoop)Cemer  he creen over the nsidt 

l3 	- 	 'L 	fl3 	 P ü-orn erie 

and ightei - : damp 

 

hold the screen in piace. Tc form dne 	A deckle is a 

Je. : 	the cuter heop cudv haliwa de 	Gem!v wg 	trarne placed 
:icside he 	ehminae an: :e areas 

or. top ofthern&d 

Scep 2— cke ure 	:: 	:-chd 	ar 	:he 	todefinethe 

1: edge 

Sap 	:he r 	nccth 	 rr awav 

an: excea. 

the early days of printing, all paper had a 

eckle edge. s .tomation of papermaking, 

hen paper .as :c-Dduced in long rolls, 

eliminated this L - ien edge. Deckled edges 

later became a status symboL 

If you can't start using the mold and deckte right away, put lt in a box to pro-
tect the screen from nids, bumps, or stretching. Handle the mold and deckte 

carefutly—only by the sides—to help prevent the screen from stretching. 
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To create interesting effects, use a combination of paper colors, types, 
textures, and weights. Be sure to have a good mix of weights so the 
paper is not too bulky or too flimsy. 

Making Paper 

Step 1 —Tear do 5crat paner inro 
smal- pieces abont L'oane 	amn. or 
abont an lnch ouare. Tear up i 	2 eas e 6 cuts 
scraps. You will reed 4 cur 	zur papermakin. 
pius extra In cae he puip 	lurrv oc thIn 

Step 2—Place 4 cup oi paper scrap in the mix 
Ing bowi arid add enough warm waer to cover 

pieces. abeut 2 curn. .s uh— scrars start ac'rbirtg 

water. thev will break down imo a soggv mush 

called "puip. Use the bowl scraper to stir the mi: 
so all he scraps a:orb 	- 

Step 3—Use the whlsk er eggbeater 

ulp UflUl all flbsrs am searamd an'; 	ms- 
- 	nibuted. You can mc vour hands z12 hreak ne an': 

' clumps. Pulp rha; inciudes cardsLock scraps man 

need addibonal whisking er bearin. 

Step 4—Carelu!iv eonr the eule Inte the hasin 

and add warer umil -,he basm Is 	'' hilL 
This am sheuid have hie com:-:: 	Ihn. 
watcmv oatmcai. The thicker 
thicker hie meer will be. :hi 

1 hie siurmv is tee thck. Ii Is tee thin. maLe 

another harch eI u 1 and sir lt In. a knie a: 
[ime, umul lt is hie right coisntcv. 

Step 5—l: 	)uchina arm new 
vhes'. 	-:: : - arm . Feld hie absorber 
rietha irrtoaead aix'u:a 	ridzarni alL 

aigger:han thecanertual : 	d. Pace:he 

flar.sratleanrIacewheretlreiarcmtn 

Couching (pranounced 'cooch-ing') is the process of transfemng: 
paper from the mold to the surface where lt will dry. 

Step 6—Stir hie slurrv again. [1 von areusing fmames. hold hie 
meld acm : - hde up and Diace hie other frame hie deckle ott 

p. This w:n ensure hie paner's t 	esrralght. 



MAKN( PAI'ER B' 	. 

Step 7—Hold the mold/deckle firmly and lower them 	J 
into ehe slurry at a 45degree angle, changing to a hor-
izontal hold when they are below ehe slurry line. Still 
keeping a firn grip on ehe mold/deckle, swirl ehem 
around in ehe slurry to set the fibers in motion. Keep 
the mold/deckle level Co ensure ehe paper will have 
the same thickness above all areas of ehe screen. With 
the sluny still in motion, gently lift ehe mold/deckle 
straight up out of ehe mix ancl check ehe pulp Iayer. 0 

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

Step 9—lt's now time for couching. Hold ehe mold 
over ehe couching pad. With a smooeh, quick 
motion, flip lt over and genely place it pulp layer 
down on ehe couching pad. SIowly toll ehe mold 
from one edge to ehe other to heip loosen ehe sheee 
from ehe screen. You may need to pat a sponge 
againse ehe back side of ehe screen, squeezing out 
water and pressing ehe paper fiat mi ehe couching pad until you 
see ehe paper separating from ehe screen. Use ehe spatula to genely 
separate ehe rest of ehe sheet and screen. 

Step 10—Place a towel or a layer of paper towels on top of ehe 
sheet of paper. Use ehe rolling pin Co firmly but genely press ehe 
towels into ehe sheet to remove more waeer. Keep rohling and 
replacing towels until no more water can be squeezed out of ehe 
sheet. Move ehe paper sheee and ehe top layer of ehe couching 
pad toweling to a drying area. 

For a new paperrnaker, couching can be ehe trickiest part 
of the whole process. You wiU get better with practice. 
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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 
ehe pulp slurry. You can stack new sheets in the drying area to 
conseive space, but keep the stacks short to heip 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 ehe 
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 cioth hacker. Make sure 
each one is completely dry before peeling off the 
fabric backer. 

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

Note: lf you have pulp left over, pour lt through a strainer or 
the mold, then handsqueeze the recovered pulp to thicken lt 
further. The recovered pulp ran be stored in jars for a few days 
in the refrigerator for later ilse, or lt ran be thrown in the 
compost bin er trash ran. Do not pour puip down the dram. 

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 unusuai 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 smali 

bits of confetti, tin foll, or glitter for extra pizzazz. Crumble dried flower 

petais, leaves, grasses, ferns, or dried herbs to create natural effects. For 

sturdier paper, you can iricrease the fiber content with buriap fibers or 

shredded cotton balls (real cotton works better than synthetic cotton). Add 

snippets of yarn or thread to the puip 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 

40 	PULPAND PAPER 



the paper dry in place. A similar technique can be used to make a paper 

tray. Make napkin rings by wrapping slender strips of paper around a 

smooth tube and couching lt from the outside. 

Watermarks 
A watermark is an Image that is embossed in paper and can be seen 
only by holding the paper up to a light. Watermarks are often used as 

security measures. For example, banknotes with watermarks help prevent 

forgeries, and legal papers with a watermark make lt easy to teil an 
original document from a copy. Personal stationery cari be customized 

with a watermark design that has special meaning to the user. 

Step 1 —Think of what you might want 

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 water-

mark. Eliminate designs that are too 

elaborate, too stark, or too big for the 

size of paper you plan to make.The best 

watermark will come from a simple 

design with a few lines that form a 

recognizable image. 

Step 3—Draw your final design on a 

piece of paper. As you draw, make sure 
the lines can be seen through the screen 

of your mold. 

1 	- 

8 	- 

The watermark becomes a perma-
nent part of the screenng Tu your 
mod, so he aware that this will be 
a limited-use niold. 

In addition to the papermaking 
supplies hsted earlior, you will 
need correction fluid, puff pairrt, 
or waterproof wood glun to create 
your watermark. 

Step 4—Protect your design by making a copy of your final drawing, 
and keep the original in a plastic sheet protector. lf your watermark 
paper mold is ever lost or damaged, you can make a new mold with 

the original drawing. 

Step 5—Place the mold over your backup design copy, positioning lt so that 
the watermark design shows through the screen where you want lt to be 
on the finished paper. LJse correction fluid, puff paint, or glue to carefully 

trace the design on the screening. Apply the fluid in small dabs, a little at 

a time, so that the lines of the design do not run together. Make sure the 

lines are not too wide or thick; otherwise, holes will form in the paper. 

Step 6—Set aside the mold and let the design dry completely.Vour wate r-

mark paper mold is now ready for making paper. 
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Careers in 
Puip and Paper 
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Research and 
Product Develoin: 

corne u.:i.  
ad improv?..: ::is 	±.r.1op new 
paperproducn 	 :oairan 
stream oilutio; 	effi- 
dem orodcuon ms:h:: 	:is fieid, 
formal training and 	- 	- - 
are often reouired 
chemical engineering. biochemistr 

rrahematics. naper scierce e  engi-
neering. er ecoio. 

Sates and Marketing 
After the proäucts are created. the 	ist in the paffl. People vworiän in quality 

e ma4tedto a laroevarierv ofu coroionhbaowidsrn 

. 	nle der t. 	er 3 c ie industrial engmeemig ordiem*stry 

exOlain er demonsrate their companvs 
rodcts. If thev make a saie. zhev foliow up tobe sure the 

cnstc?mer is sa:isiied. Peorle tvha have a flair for saies artd mar- 
keting comhined with an engineering er jechnical background 
do weil in these posidons. There are also sales and market::r 
po:::ns availabie ar cornranies d: 	upn ]uipnzent. chemi- 
cah 	 :tiin and 12 er 

Administration 
in ever 	::::1:tT.. ::.re ae mana ano aammsrrative 

::c:.:.sCraCcoUntantS. computerprogratT- 
and 	::::rrtsionals. Man 	cce graduates whc 

:Tepaer...becomemaflag aarhntbejrcar 
t.uinterestintraveling: TheU.S..aper 

in 	i 	a global market. and i- flonals ohen go to 
itries to evesee er expan 	: . ranvs oerahons 2 1 Z 

tjstia.i fer neople in the naner :-:--s. er for :ho 
t.consiiizing.tospendavearorrnoreonassignmer:- 

Career opportunities also exist in related industries, including agncutture, 
product packaging and containers, chemical produets, industrial products 

scientific instruments, machinery, pnnting, and consulting. 
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Scouling Literature 
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With your parent's permission, visit 
the Boy Scouts of Amenca's offidal 

etail website, www.scoutshop.org , 
for a complete listing of all ment 

badge pamphlets and other heipful 

Scouting materials anct supplies. 
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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 libraries. The latest revision date of each pamphlet 
might not correspond with the copyright date shown below, because this ist is corrected 

only once a year, in January. Any number of merit badge pamphlets may be revised 
throughout the yea ot 1lers are simply reprinted until a revision becomes necessary. 

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

Merit Badge Pamphlet Year 
American Business 
	

20 1 3 
Amaioar Cultures 
	

2013 
Arcocan Heritage 
	

2013 
Arorcan Labor 
	2018 

Anrr.a Scence 
	

2014 
Anirnation 
	

2015 
Archaeoiogy 
	

2017 
Archery 
	 2015 

Arcrstacture and 
Landscape Aahitecture 2014 

Art 
	

2013 
Asrronomy 
	

2016 
Athlet cs 
	

2016 
Automotive Maintenance 2017 
A'iaton 
	

2014 
Backpacking 
	

2016 
Basketry 
	

2017 
Bad Study 
	

201 7 
Bugnq (see Music) 
Camping 
	

2018 
Carceing 
	

2014 
Chcn istry 
	

2016 
Cless 
Citileriship in the 

Community 
	

2015 
Ctizenship iii 'he Nation 2014 
Citzerrsbirr in. tEe World 

	
2015 

CUmøiro 
	

2011 
Cori Coloting 
	

2017 
Coleatona 
	

2013 
Commurocation 
	

2013 
Composite Materials 
	

2012 
Cooking 	 2011 
Crime Prevention 
	

2012 
Cycling 
	

20 1 7 
Der.tistry 
	

2.016 
Digital Techriology 
	201-1 

Disabihties Awareness 
	

2016 
Dog Cirr 
	

2016 
Draitincr 
	

2013 
Eiectricity 
	

2013 
Electronica 
	 2014 

Emargeic Preparedness 2015 
Enerqy 
	

2014 
Enginening 
	

2016 
Entreprenership 
	

2013 
Er.viror.mental Science 

	
2015 

Exploration 
	

2016 

Ment Badge Pamphlet 
Fami!y Life 
Farm Mechanics 
Fingerprinting 
Fire Satety 
First Aid 
Fish arid Wildlife 

Management 
Fishing 
Fly-Fishing 
Forestrv 
Garne Design 
Garciorrng 
Genealogy 
Geocaching 
Geology 
Golf 
Graphic Ans 
Hiking 
Home Repairs 
Horsemanship 
lridiiir. L.ore 
insect Study 
irventillg 
Journalsm 
Kayaking 
Laridacape Architecture 

see Architecture) 
4W 

Leatherwork 
Lifesaving 
Mammal Study 
Medicrrie 
Metalwork 
Merirg in Society 
lodei Design and Building 

Motorboatirg 
Moviorisking 
Muss and Bugling 
Natura 
Nucler Science 
Oceanography 
Orienteering 
Painting 
Personal Fitness 
Personal Management 
Pets 
Photography 
Pioneering 

Year Merit Badge Pamphlet Year 
2016 Plant Science 2018 
2017 Plumbing 2012 
2014 Potter 2008 
2016 Programming 2013 
2015 Public Health 2017 

Public Speaking 2013 
2014 PuIp and Paper 2013 
2013 Radio 2017 
2014 Ralircadirig 2015 
2015 Readir;g 2013 
2013 Retile and 
2013 Amphibian Study 2018 
2013 ne 	Shooting 2012 
2016 Robotics 2016 
2016 Rowing 2014 
2012 Safety 2016 
2013 Saiesmanship 2013 
2016 Scholarahip 2014 
2012 Scouting Heritage 2017 
2013 Scube Diving 2009 
2008 Scuipture 2014 
2018 Search and Rescue 2018 
2016 Shotgun St'ooting 2013 
2017 Sigas. Signals. and Codes 2015 
2016 Skatinq 2015 

SmaH-Baat Sailing 2016 
Srtorn Sports 2017 

2011 Soll and Vlater 
2017 Conservation 2016 
2017 Epace Exploration 2016 
2014 Spr1s 2012 
2012 Stamp Collecting 2013 
2012 Surveyir'g 2004 
2014 Sustainability 2013 
2010 Swmming 2014 
2015 Teanle 2014 
2013 Thealor 2014 
2013 Traffic Selety 2016 
2014 TuckTransocrration 2013 
2017 Veterinary Medicine 2015 
2012 Vater Sports 2015 
2016 Weather 2013 
2016 Weding 2016 
2016 Whitewater 2005 
2015 Wilcterness Survival 2012 
2013 Wood Carving 2016 
2016 Woodwork 2011 
2017 

BOY SCOUTS OF AMERICA • SUPPLY GROUP 
NATIONAL DISTRIBUTION CENTER 	 To place an order, 

2109 Westinghouse Boulevard 	 call customerservice 
PC. Box 7143 	 toll-free 800-323-0736 

Charlotte, NC 28241-7143 	 or go to 
www.scoutshop.org  
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