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THE HISTORY OF PAPERMAKING

N PAFPER HAS ONE HISTORY BUT TWD TRADITIONS, ORIENTAL AND

EUROPEAN. EACH IS 50 DIFFERENT FROM THE OTHER THAT THEY DESERVE

TWO SEFARATE NAMES, BUT ROTH REMAIN FAFER. BOTH TRADITIONS ARE. "

BASED ON THE USE OF MATERIALS AT HAND, THE WORKING PROFERTIES OF

THESE MATERIALS, AND THE WRITING IMPLEMENTS AN THE DEVELOFMENT oF
THE FPRINTING PROCESZES WITHIN THESE CULTURES.

THE PROCESS DOF MACERATING AN ASSORTMENT OF VEGETABLE FIBERS,
FLOATING THEM IN WATER, COLLECTING THEM ON A SCREEN, AND ALLOWING
THEM TO DRY WAS FIRST DEVELOPED IN CHINA AROUND 150 B.C.

THE FIBERS FOR PAFERMAKING, THE METHODS OF FRODUCTION, AND THE
RESULTING PAPERS WERE STUDIED INTENSELY, AND THE CRAFT WAZ CARRIED
FROM CHINA TO KOREA AND THEN TO JAPAN SOME S00 YEARTS LATER. THESE
EARLY FAPERS WERE MADE FROM TRUE HEMF (CANNABIS STAVIA).  AS THE
TECHNOLOGY DEVELOPED IN JAPAN, THREE PLANTS WERE DISCOVERED THAT
PRODUCED THIN, TRANSLUCENT PAPERS OF EXCEFPTIONAL RUALITY. THE
FIRST AND MOST COMMON FAPER WAS MADE FROM THE INNER BARE OF THE
MULBERRY TREE (BROUSSENETIA PAFPYFERA) AND IS KNOWN AZ EDZO. LATER
GAMPI AND MITSUMATA WERE PRODUCED FROM THE INNER FIBERS OF SMALL,
SHRUB LIKE FLANTS (WIKSTROEMIA CANESCENTS AND EDGWORTHIA STROEMIA
CANESCENS AND EDGWORTHIA PAPYRIFEREA, RESPECTIVELY). DURING THESE
FORMATIVE YEARS MANY OTHER PLANTS WERE TESTED, INCLUDING BAMEBOO,
RICE STRAW, LINEN, AND BANANA. RECYCLING WAS ALSO DONE TO =0OME
DEGREE TO MEET AN EVER GROWING DEMAND FOR PAFER.

THE ENOWLEDGE OF PAPERMAKING TRAVELED WEST ALONG TRADE ROLUTES
TO THE MEDITERRANEAN. EARLY MILLS WERE ESTABLISHED BY CHINESE
FRISONERS IN SAMARK AND IN CENTRAL ASIA AROUND 730 A.D.. THE
ABUNDANCE OF OF HEMP AND FLAX (LINUMUSITIATISSIMUM) IN THIZ AREA
PROVIDED MORE FIBERS FOR PAPER MAKING, AND THE PROCESS SPREAD TO
EGYPT, WHERE COTTON, GENERALLY IN THE FORM OF NEW CLOTH 0OR RAGES,
WAS ADDED TO THE LIST OF USABLE FIBERS. THESE NEW FIBERS FRODUCED
FAPERS THAT WERE THICEK, QPARUE, ABSORBENT, AND CRISF, IDEAL FOR THE
EXISTING WRITING TOOLS, GQUILL PENS AND STIFLES.

PAFERMAKING MOVED ACROSE EUROPE
AND IN 1917 A FRENCH SCIENTIST,RENE
DE REAMUR,OBSERVED THAT WASPS MADE
VERY FINE PAPER FOR THEIR NESTS FROM
WooD DIGESTED IN THEIR MOUTHI. WITH
A SHORTAGE OF COTTON AND LINEN CLOTH
AND AN EVER GROWING NEED FOR FAFER,
THIS OBSERVATION LED TO FURTHER PLANT
EXPERIMENTS WITH NETTLES, MOSS, FPINE
NEEDLES AND THE BARKS OF SHRUBS AND TREES
THE BUANTITY OF PULP PRODUCED FROM
A TREE AND THE LARGE DEMAND FOR FAFPER
LED TO THE INVENTION OF THE FOURDRINIER
MACHINE IN 1206. IT COULD PRODUCE FAPER
ON A CONTINUOUS WEE AND IN ENORMOUS
GUANTITIES. HAND PAPERMAKING CAME TO
THE UNITED STATES IN 1690, BUT BY THE
END OF THE AMERICAN CIVIL WAR, MODERN
INDUSTRY, THE USE OF THE NEW PAFERMAFING
MACHINE, AND THE CONVERSION TO WooD PULF



-

EFFECTIVELY BROUGHT TO AN END THE FRODUCTION OF HANDMADE FAFER IN
AMERILCA.

IN 1928 DARD HUNTER ESTABLISHED A MILL IN CONNECTICUT FOR
PRODUCING HAND SHEETS ON A SMALL SCALE, AND HIS EXTENSIVE REZEARCH
COMPRISES MOST OF TODAY- S REFERENCE MATERIALS. HE TRAVELED AROLIND
THE WORLD AMASSING A TREMENDOUS COLLECTION OF HAND PAFERMAKING
ERUIPMENT, MATERIALS, AND SAMPLES OF FPAFER THAT ARE HOUZED IN THE
DARD HUNTER MUSEUM AND LIBRARY AT THE INSTITUTE OF PAFER CHEMISTRY
IN APPLETON, WIZCONZIN.

SINCE 1944, DOUGLASS HOWELL HAS CONTINUED HIS RELENTLESS
EXPLORATION OF FLAX FIBER FOR USE IN HAND SHEETS AND- FOR THE
FRODUCTION OF PAFPER ART ORJECTS. AND HERE BEGAN A NEW FHASE IN THE
TRADITION OF EUROPEAN PAFPERMAKING, THE FAPER ART OBJECT. ORIENTAL
FAFERS HAVE ALWAYS BEEN USED FOR KITES, SLIDING SCREENZ, CLOTHING,
DOLLS, FLOOR COVERINGS, AND IN SFIRITUAL CEREMONIES. EUROFEAN
FAPERS HAVE BEEN THE CARRIERS OF IMAGES 0OR INFORMATION, SUBSERVIANT
TO ANOTHER MEDIUM. NOW THE STFF OF PAFER, ITS COLOR, ITE TEXTURE,
ITS MALLEABILITY, AND ITS FIBERS ARE BEING USED TQ ACCENTUATE THEIR
OWN INHERENT GRUALITIES. AND ARTISTS ARE TAKING ADVANTAGE 0OF THESE
DUALITIES TO CREATE WORKS THAT SFEAK ABOUT IMAGE AND FAPER, FAPER
AS IMAGE.

DRIENTAL PAFERMAK ING

THE BEAUTY OF CORIENTAL FAPERS LIES IN THEIR SUFPFLENESEZ,
TRANSPARENCY, SURFACE RUALITIES, AND STRENGTH. THIS BEALITY DDEZ
NOT DOME EASILY. THE PROCESS IS VERY LABDRIOLES ANMD TIME
CONSUMING. TO FOLLOW THE TRADITION WOULD MEAN GROWING THE SPECIFIC

"PLANTS, HARVESTING, STEAMING, AND STRIPPING THE BARE FROM THE WOODY

CORE, SEPARATING THE EBARK LAYERS TO OBRTAIN THE UsARLLE FIBER,
COOKING IT, AND RINSING IT , AND BEATING BY HAND INTOD A FPULF. THE
FULF WOULD THEN BE ADDED TO A VAT OF VERY COLD WATER AND FORMED
INTD THIN SHEETS. TRADITIONALLY FPAPERMAKING WAS A FALL AND WINTER
ACTIVITY. DURING THE SFRING AND SUMMER, THE LAND WAS FARMED AND
THE PAPERMAKING PLANTS GROWN. THE COLD WEATHER ALSD ENHANCED THE
WORKING CHARACTERISTICS OF THE MATERIALES.

THERE ARE THREE MAIN PERENNIAL PLANTS GROWN FOR ORIENTAL
PAPERMAKING: KOZO (BROUSSINETIA PAPYRFERA), MITSLMATA (EDGEWORTHIA
FAPYRIFERA), AND GAMPI (WIKSTROEMIA CANESCENZ). ALL THREE ARE
CLASSIFIED AS BAST FIRERS. EACH HAS ITS OWN CH CTERISTICS AND IT

TSED 70 MAKE A SPELCIFIC RIND OF PAPER. ALL HAVE LONG FIBERS THAT

ARE EASILY SEPARATED DURING THE COOKING AND BEATING FROCESS.

KDZ0 IS A LODSELY AFFLIED TERM FOR A VARIETY OF FAPERMAEING
MULBERRY TREES. IT IS THE MOST COMMON OF THE THREE PLANTS AND IS
HARVESTED AFTER ITS SECOND YEAR OF GROWTH WHEN THE STEMEZ HAVE
REACHED A DIAMETER OF ABOUT ONE INCH. IT WAS ONE OF THE EARLIEST
CULTIVATED PLANTS USED FOR PAFPER AND PRODUCES THE TOLIGHEST AND
STRONGEST FIBERS. ITS FIBERS ARE NOT VERY ELASTIC, GIVING THE
RESULTING SHEET SREAT DIMENSIONAL STARILITY.



MITSUMATA IS HARVESTED AFTER ITS THIRD YEAR 0OF GROWTH AND FRODICES
A SOFT ABSORBENT, FINE-GRAINED, SLIGHTLY ORANGE SHEET. THE FIBER
CONTAINS A BITTER CHEMICAL THAT REFELES INSECTE FROM FAFERT PRODLICED
WITH IT.

GAMPI HAS NEVER BEEN SUCCESSFULLY DOMESTICATED AND CONSERLENTLY
IS NOT AS READILY AVAILABLE AS KODZO OR MITSUMATA. FPAPER FRODUICED
FROM GAMPI IS REPUTED TO BE THE MOST NOBLE AND BEAUTIFUL 0OF ALL. AND
15 SAID TO BE CAPABLE OF LASTING FOREVER. IT ALSD REFELS INSECTS.

FIBER PRODUCED BY THE HEMP PLANT WAS USED IN CHINA AND WADZ THE
MOST IMPORTANT FPAPERMAKING MATERIAL IN EARLY JAFAN, WHERE IT WAS
GRADUALLY REPLACED BY KOzZ0O. IT PRODUCES A SUPFLE AND STRONG SHEET
WITH A SLIGHTLY ROUGH SURFACE.

TRADITIONAL EUROPEAN FAFPERMAKING

TRADITIONAL EUROPEAN PAFERS ARE MOST OFTEN SEEN IN OLD BOOES
ANDI DOCUMENTS. THEY HAVE A WARM WHITE COLOR THAT CONTRASTE WITH
THE CRISP BLACK TYPE IMPRESSED IN THEIR SURFACE. THEY HAVE A
SUPFLE FEEL AND DRAPE WHEN THE BOOK IS OFPENED. THE SURFACE SHOWS
THE TEXTURE OF THE WOOLEN BLANKETS ON WHICH THE NEWLY FORMED SHEETES
ARE PRESSED, AND' THE EDGES OF THE SHEETS HAVE A SLIGHT COCELE OR
WAVE. THE EDGE ITSELF IS NOT SHARP AS IF CUT FROM A LARGER SHEET
BUT IS SLIGHTLY IRREGULAR AND IS REFERRED T AS DECKLED. THESE
WHITE PAPERS ARE MADE FROM LINEN AND COTTON FIBER THAT CAME TO THE
PAPER MILL IN THE FORM OF NEW CLOTH OR RAGS. THESE WERE DAMPENED
AND ROLLED INTD BALLS, AND THE BALLS WERE ALLOWED TO FERMENT FOR UF
TO TWO MONTHS. THIS FERMENTING WAS ACTUALLY A SLOW COOKING PROCESS
THAT SOFTENED THE FIBERS. AFTER RINSING, THE CLOTH FRAGMENTS WERE
PLACED IN THE BASIN OF A MECHANICAL STAMFER, AND A HEAVY WOODEN
HAMMER 0OR SHAFT FOWERED BY A WATERWHEEL ROSE AND FELL ON THE
SOFTENED MATERIAL TO SEFARATE ITS FIBERS. THE STAMPING FROCESS DID
NOT INVOLVE CUTTING, S0 THE RESULTING FULFP WAS LONG AND SUFPLE,
PRODUCING PAPERS DOF GREAT BEAUTY, STRENGTH, AND DURARILITY.

THE TIME CONSUMING STAMPING PROCESS WAS SLOWLY REFLACEI BY THE
INVENTION OF THE HOLLANDER BEATER. IN ITS OBLONG SHAFED TUE WAS A
ROLLER FITTED WITH METAL BLADES, WHICH LACERATED THE RAGS AS THEY
PASSED BETWEEN IT AND A STONE BEDFLATE MOUNTED IN THE BOTTOM OF
THIS TANKE. THIS MACHINE COULD PROCESS RAG IN MUCH LESSs TIME, BUT
THE RESULTING FIBER HAD BEEN CUT SHORTER AND FRODUCED A FAFER WITH
LESS SUPLENESS AND STRENGTH. 1

AFTER BEATING, THE PULF IS TRANSFERRED TO A STORAGE CHEST OR
PUT DIRECTLY INTO THE FORMING VAT. HISTORICALLY, THESE ELIROFEAN
VATS WERE BUILT OVER SMALL FIREFLACES. THESE FIRESD HEATED' THE
FIEERS AND PULF. SINCE WARM WATER IS LESS VISCOUS THAN COLD AND
DOES NOT CLING TO THE FIBERS AS WELL, SHEETS FORMED IN WARM WATER
DRAIN FASTER, ALLOWING THE PAFERMAKER TO MAKE MORE SHEETZ IN A DAY.

THE EUROFEAN SHEET FORMING METHOD RERQUIRES THE LIFTING AND
HOLDING OF LARGE AMOUNTS OF WATER. CONSEQUENTLY THE MOUJLIES
DEVELOPED FOR THIS ARE MUCH MORE SUBSTANTIAL THAN THE ORIENTAL.
ONES, HAVING AN ELARORATE SYSTEM OF RIBS THAT HOLD THE WIRE SURFACE



LEVEL. THIS LEVEL SURFACE AIDS IN THE FORMATION DOF AN EVEN SHEET
AND AIDS DRAINAGE. IT CAN BE A WOVEN, NONCOROSIVE WIRE MESH OR A
SERIES OF LAID WIRE RODS TWINED TOGETHER. 2

THE PAPERMAKING MOULD IS DIPPED INTO A VAT OF PULF, SHAKEN TO
DISTRIBUTE AND CROSS THE FIBERS; AND THE SHEET FORMEZ AS THE WATER
DRAINS. THE WET PAPER IS THEN TRANSFERRED TO A FELT, AND DRYING I=
DONE BY FRESSING IN A FRESE.

BASIC FAFPER CHEMISTRY

A SHEET OF FAPER IS NOT HELD TRGETHER BY MAGIC OR ZIMPLY FILING
FIBERS ON TOF OF ONE ANOTHER. THE BONDING OR COHESION OF SURFACES
OF CELLULOSE OR WITHIN THE FIEBER SHEET IS NOT DUE TO A MUCILAGE DR
GLUE EITHER EUT TO AN ELECTROCHEMICAL FROCESS IN WHICH HYDROGEN
BONLS FHRM BETWEEN_ _THE FIBERS. THESE FIBERS ARE DRAWN TDOGETHER AND
ALIGN THE FRESENCE 0OF LIGUID WATER DURING THE SHEETFORMING
PROEESS. WATER IS THE MEDIUM FOR THE ACTIVITY, AND A5 IT IS
REMOVED DURING THE DRAINING, PRESSING, AND DRYING OF THE SHEET, IT
FRODUCES TENSION THAT DRAWS THE FIBERS TOGETHER. THIS BONDING 0OF
THE FIBERS 1S AIDED BY FIBRILS, WHICH ARE ZMALL HQIRL{FF'ﬁﬁﬁﬁﬁTﬂNEL_
ON _THE SURFACE OF _EACH FIBER, CALSED DURING THE BEATING FROCESE.
THESE INCREASE THE SLRFACE TEXTURE U IHL FIRERS aNIT CONSELIIENTLY
INCREASE FRICTION BETWEEN FIBERSZ=. THI¢/FRTFTIHN A% WELL A= THE

ZZPHYHIPAL INTERLOCKING OF THE FIBER_DMRING SHEET FORMING AID IN THE
ON - IHE _SHEET. OTHER FACTORZ THAT EFFECT THE COHESION ARE
THE AVERAGE LENGTH OF THE INDIVIDUAL FIBERS, THEIR FLEXIRILITY, AND
THE DEGREE 0OF FIBRILATIONON THEIR SURFACES. THESE COMPONENTS CAN
BE ALTERED BY THE COOKING AND BEATING METHOD USED TO FREPARE THE
FIBER. 2

HYDROGEN BONDING 0PCUR= wHEN TWD FIBERS OR FIBRILS ARE FORCED

S0 CLOSE TOGETHER THAT "REE HYDRLIX YL HRHHP nF .

__CELLULOSE MOLECULES FROM BnTH ARE INVDLVED IN A CERTAIN  ~ -
ELECXBQZIATIF REﬁUNANFEL_LSIMILAR BRIDGING BONDS MAY OCCUR BETWEEN
CELLULOSE AND WATER ...) THE MECHANISM THAT BRINGS FIRERS INTO
INTIMATE MOLECULAR CONTACT DURING DRYING IS REFERRED TO A% THE
CAMPBELL EFFECT. STEMMING FROM SLURFACE TENSION FORCES OF WATER
EXISTING BETWEEN FIBERS OR FIBRILS IN DAMF FPAFER, THE CAMFRELL.
_EEEEFI_dHﬂuS_LINEARLY INCREASING PDMPAFTINu FﬁRlEL WHICH ARE___ .
BELIEVED TO AFPPROACH 110 FTLUhhAMq ARE- EE_{ 1500
FOUNDS FPER SHOAREINCH) A THE SHEET NEARE ORYNESS,  THE MORE
INTIMATE THE CONTACT BETWEEN FIBERS AT ALL POINTS DURING THE
PROCESS, THE GREATER THE COMPACTING FORCES, THE MORE FREVALENT AND
LARGER THE BOND=, AND THE STRONGER THE PAPER WILL BE IN THE ENI,
BEATING IS NDRMALLY USED TO MAKE FIBERS MORE PLASTIC AND INCLINED
TO INTIMATE CONTACT...4

_CELLULNSE IS A HYDROPHILIC (WATER LOVING) CARBOHYDRATE COMPOSEI

OF A MOLECULAR GLUCOSE CHAIN OF UP T 5,000 UNITE. 1T 15 FUONIIN
VARYING DEGREES INACC FLANTS. ..

OTHER COMFONENTS OF THE FLANT ALSO AFFECT FAPERMAKING,
PARTICULARLY _LIGNTIN AN tEIuLELEHEEEEL‘ LIGNIN IS OFTEN REFERRED T
AS AN INTERCELLULAR CEMENT. THE FIBER BUNDLES TOGETHER IN
THE PLANT. IT IS HYDROPHOBIC (WATER FEARING) ANDN MUST BE REMOVEL RBY




COOKING. ITS FRESENCE IN THE PULF REDUCES FIRER SEFARATION IHIRING
BEATING AND INTERFIBER BONDING DURING SHEET FORMING. 3



