PAPERMAKING
Five Videotapes « Written by Timothy Barrett

1s

Umiversity ¢7 Towx

 WESTERN PAPERMAKING |
Classroom Equipment and Techniques

video Serip
1q 94




WESTERN PAPERMAKING I
Classroom Equipment and Techniques
Videotape Script, University of lowa Center for the Book, ©1994

This tape offersan intermediateapproach to making western hand made
paperinawell equipped classroom or personal studio workshop. Intro-
ductory texts for beginners, arecited inabibliography which accompanies
thistape.

Viewerswitha particularinterestin western papermaking using profes-
sional equipmentand techniquesshould consultthe other rape in this se-
ries.

Itisanatural assumption that paper ismadein the mould as the sheetis
formed. In fact, the qualityand character of any sheetare determined well
beforesheetforming, during theselection and preparation of the raw ma-
terial.

Fibersused in modern western papermaking can be divided into two
groups. The firstgroup includes commercial pulps or pre-processed mate-
rialslike rag half-stuff, cotton linters, and sheet pulps of flax, abaca, sisal
and hemp. These materials havebeen cooked and often bleached by the
manufacturer, leavingless control to the papermaker, butthey are easier to
work withand lessexpensive. Laterin this tape we will beworking with the
rag half-stuff.

Thesecond group is “raw fiber” and includes such materials as cotton,
flax, abaca, sisal, and hemp. All of these fibers are new, naturally colored,
unprocessed materials that generally require cooking before beating.
However, these fibersallow thegreatest range of finished paper character-
istics.

Cooking proceedsasshown in the Japanesestyle tapesin thisseriesand
includes presoaking the fiberovernight, mixinganalkaliinto warm water,
heatingtoboil, cooking and rinsing.

Cooking will help separate the fiber, lighten itscolor, and improve the
permanenceofthe finished paper by removing non-cellulosics. Compare
thissheetmade directly from the raw flax fiber with asheetmade from
cooked and well rinsed fiber.

Precutting western raw fiber beforesoaking and cooking makes subse-
quentsteps much easier. Occasionally fiber canbe purchased pre-cut, asis
the casewith the flax fiber on theleft.

Morereadily separated fiber like raw cotton, flaxand hemp can be
cooked inlime orsodaash. Fibers moretightly bound by lignin, waxesand
gums—suchassisaland abacaarelikely to requireastronger solution made
fromlye.

Atypical cookingsolution would contain between sand 15 grams of
chemical perliter of water. Oneliter of solution is required for each 6o
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gramsofdry fiber. Manufacturer's safety recommendationsshould be fol-
lowed with all chemicals.

Thekey fiber preparation tool in western papermakingis the Hollander
beater. Beatersvary in design butall have thesamekey componentsas this
smaltlaboratory beater. The tubis fitted on theinside with amidfeather,
backfalland bedplate. Thebedplate consists of asct of bars mounted verti-
callyin thebottom of the machine. Theroll bearings are positioned so the
flybarson the roll passjust above the bars of the bedplate. Anadjustment
mechanism is used to vary thedistance beeween the moving flybarson the
rolland thestationary bedplate. Fully assembled, when the machineis
filled with waterand fiberand turned on, theroll will draw the fiber under-
ncath whereitis forced to pass between thebedplate barsand the moving
flybarson the roll. The fiber/water mixtureis thrown over the backfall
whereitreturns for continuing passes under theroll. Normally thchood
would be in placeduringoperation.

Beating is essential in western papermaking because of the controlit
gives the papermaker. In thesespecimens made from raw flax, shortbeat-
ing times typically giveasoft, opaque shect which generally hasarougher
formation qualityand surface. Prolonged beating times giveahard, trans-
lucent, and moreevenly formed sheet.

Regardless of the raw material, changes in paper qualitics result because
the fiberis gradually shortened, fibrillated, softened, opened up, and plas-
ticized in the presence of water. All of these effects produce moresites
wherewater molecules canattach. Asbeating continues, the fibersbecome
better prepared to bond moreand more tightly with cach otherduring
sheetforming, pressingand drying.

Thebest way to understand beating, and papermaking itself, is the fol-
lowing procedure for making testsheets. Thisisalso astandard method
recommended for evaluatinganew pulp, oranew or recently rebuilt
beater.

In this case weare working with 350 grams of Cheney 865 cotton half
stuff. The fiber was soaked 20 minutesin s liters of water , added to 20 more
liters in the running beater, and allowed to circulate for s minutes. Rollto
bedplate pressure was thenapplied, in this machine, byaddingastandard
weight toaleverarm that forcesamoveable bedplate toward astationary
roll.

Assoonasthis pressurewasapplied, thestarting time was noted. Twenty
minuteslater, two 400 milliliter samplesare taken.

Eachsampleisused to makeasheetin the deckle box. Thewaterused
throughoutthis tapeis alkalineand hasbeen treated to removeiron, chlo-
rineand particulate matter. Theseshectsare couched ontoa previously
dampened feltand tagged, noting beating time and “a-d” forairdried and
“r-d” for restraintdried. Both notationsarein preparation for two differ-
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entdrying methods. Meanwhile the beater continues runningand every
20 minutes two additional 400 milliliter samples are taken and madeinto
sheets. This routine continues for a total of 160 minutes. [t might continue
longerifthe papermakerisinterested in especially hard, translucent pa-
pers.

When all sheetsare made, the pileis taken to the pressand squeezed to
expel excess water. This pressis capableofgenerating around sotonsof
pressure, indicared as 30 on this gauge. Considerablyless pressure would
beadequate, ifthe sheets werestacked 1-up instead of 4-up.

Afier pressing, the pileis removed from the press and thesheetsare
parted from the felts. For each beating time, the “a-d” sheetissetonto
mesh racks toairdry unrestrained. The “r-d” sheetsare accumulated for
restraintdryingin thestack dryer.

Thestack dryer s setup so each piece ofhandmade paper is sandwiched
between atleast two blotters. The blotters, in turn, aresandwiched be-
cween two sheets of fluted tri-wall board. When theentireassembly isin
place, aplasticshroud attached toafanis drawn up over the top tri-wall
board. Thisis followed by aboard, aninner tube, and another board. Fi-
nallyascrew jack is used to put pressure on the entire pile. The fanisturned
on, gently forcingair through the flutesin the cardboard.

The moisturein the handmade paperis drawn into theblotters, from
thereinto the tri-wall board and then through the flutes, into theair-
stream. The netaffectisto dry the paperwhileitisunder pressureand the
resultisa perfectly flatsheet. The compressed inner tube helpskeep pres-
surcon thestackasicshrinks during drying. Inaday or ewo thesheets will
bedryand canberemoved.

Once the beater test sheetsare dry, the effects of increased beating time
and dryingmethod areapparent. Theairdried sheets shrink muchmore
than the restraint dried sheets, especially atlonger beating times. Before
proceeding, the tagsare removed from each sheet andall relevantinforma-
tioniswrittendirectly on thesheet.

Theair dried sheets can be flattened by spritzing with water to make
them relax. The highly beaten sheets often need abit more water. Once the
sheetsaredampened, asecond feltis moistened and placed on top, fol-
lowed bya sheet of plasticused to wrap the entire pile. After the paperisleft
tohumidify overnight, itisloaded into thestack dryer where itwilldry
withinaday.

When the beater test sheersare dry they can be compared for differences
in color, surface, translucency, hardness and other characteristics. Theair
dried sheetsshrink more and havea roughersurface when compared with
the restraintdried sheers.

Although notapparenton camerain thesespecimens, prolonged beat-
ing times can give radically different papers from thesamesstarting fiber.
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By viewing the testsheets withabacklighe, the gradual improvementin
formation quality canbeseen.

Later, when planning production of abatch of paper, desired qualities
canbceidentifiedin oneshectofanarray of testsheets, and theapproximate
required beatingtimenoted.

Forartists working with paper pulpasamedium, beater test sheets can
bethefirststep in developinga personal pallet. Foranyone who takes the
time, thisexcrciseisa fascinating lesson in theinterrelationship between
ccllulose fiberand water during papermaking,

To make full sizesheets, abeating time of o minuteswaschosen, and a
seriesofidentical loads werebeaten.

Pulp wasadded to the vatuntil test sheetsstood between 2 and 3 millime-
ters high after the deckle was removed.

Knotsand pills can form on thehandsasaresult of rubbing during
sheetforming. To keep them to aminimum, abucket of fresh water iskept
ncarby for rinsing.

Muchofthesecret to western sheetformingisin the “shake”. Assoonas
themouldisraised and leveled, itis givenaseriesof characteristicshakes or
jiggles to even the pulp solution on the surface of the mould. If this s not
doncpreciselyand at the right times, the pulp will settle unevenly, leavinga
poor quality sheet.

Now thecorrectshakeagain. Notice how the faredge of the mould does
notgo under thesurface of the vat mixture.

Overshaking canspoil thesheet.

Ascanundershaking.

Couchingalso requires experience toavoid problems. Initially, the trick
issetting themould down on the feltat the properangle. Notice how the
feltis marked toindicate the position of the sheet below.

Insufficient contactbetween thefresh sheetand thefelt can cause theend
of theshect to flip back onitself. Thisis usuallya resultof notapplying
cnough pressure from above, or felts that drop off too much at the nearand
farend. Inthelatter case, astick can be placed underone orboth ends of the
pressboard. Since theaccumulatingstack, or “post”, isactually restingon
two boards, thestickbetween thetwo allows the top board tobend when
the nextsheetiscouched. Thisincreases the pressureand contactat the
nearand farend.

Watching thestudentand teacher interactcan beavery helpful way of
understanding problems atthevatand at couching.

Soyouwantthe lastpart tojust wash over. ..
Alitdebitofitcanwash over, yeah.

Okay.

You wantyour handsin the middle of thesides.
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Sodoesitgo insteep?

Ab,actually it goesinlike thisand maybealitde further out too. Just
dunkitdown. That'sgood. . Right. Nowa little shake; side to side, front to
back. Okay, now, whathappensis. ...

Itsso uneven.

Well, asyou cameoutitwas tipped soitslid that way and then you tried
to correctitand all that timeit wasdraining, and you lose time to work
withit. So whenitcomesoutit needstoabsolutely horizontal and you
need tostart working with it rightaway.

Okay.

Solet’s take the deckleoff. Justsetitup here. And thenyou can
actually...let meshow you how this works: you can actually turn this back
inby turningitoverand just touchingitto thesurface. ...

Mmm.

Andmostofitshould comeoff. Now, we do have to mix thatin really
well. Andjust try itagain. Ific’s not mixed in real well we get these knots
and clumps.

Yeah.

Okay, so thistime, justah. Whenyou bringitup....

When I bringitup, I bringitup straight?

Youbringitstraight up, and it’s got to belevel. Ah, there’sno real hurry
until you makeacommitmenttobringitoutand thenit’s got to comeright
up. Soasyou goin, you can go insortof slowly. That’s good. You're starting
to pick itup when youreworried aboutit going under.

Student: When I'mstill too high.

Andyou'restarting to pick it up rightabout here. Whatyou wanttodois
letitgo down further. Let me make oneand Ishow you what I mean. In
fact, I'll tellyou what I'll do, I'll make one right on top of this. We're going
to havetoignore what's there. See, I'd be going fairly slowly. And then
when [ getdown—Ibringitrightup.

Okay.

Andwhile'matit. This shake; it’s really more ofagentle kind ofjiggle
thanitisreally ashake. Ifyoushakeit....

Thenyoustartto. ...

Thenyouspoil it. Yeah, soits really justalittlejiggle. So I think, uh, you
want to go ahead and let that far edge, evenifit goes under, fine—you know,
justletitgo downalittle further, letitgo underalittle further, before you
commit to bringingitup.

Okay.

Now onceagain, we're going to mix this in. Okay. Okay, now this time
Pmgoingtokind of guideyou.

Good.

Alright. Alright, now letitgo down. Now pullitup! Alright thereyou've
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gotit—seeyou got plenty of time—sidetoside—froncto back-alitdejiggle
—whoa-whoa-whoa—-seethatkind of get creamy?

Yeah.

Okay, whoa-whoa-whoa. You canstop. Good, good.

Ttip itdown?

Yeah, you can drainitalitelebit this way first. Now you can take the
deckleoff. And now you want tostand itup thisway. And just putyour
righthand on top for now. Justhold it therealittle bit. Okay, now you're
goingto pickitupandsetitlikethis. Thatsright. Bringitover.

...andIlineup.

Okay, right. Just try toapproximate where thesheetwill be. Andasyou
leanitover....

ButIdonttouch?

No, notuntil you're really committed. Okay, now pushitdown, and just
reallylean onit, and just roll rightacross, keep right on going. Good. Okay,
that’s not bad. Now this happens either because we didn't get the sheet re-
ally on top of thelast one or becauseyou really didn't put quiteenough
weightonit.

Oteay.

Goaheadand putafelton top of thisand we'll try another. Okay, so, like,
itreally isunderneath thesurface quiteabit, Imeanalotof itslicesdown
underncath and thenitcomesup like that.

Soitcomesdown, and then goesup.

Thatsright, yeah. Yourekind of slicing itin like this until that far edge
almost goesunderand then itsalmostas though there’sa pivotrightar char
farside,and it just hinges, right there.

Okay.

Good, good, alright, that's much better, good, that’s perfect! Now, side to
sidealittlebit, front to back, whoa-whoa- onceit gocs. ... That's good. It’s
interesting, it’s possible to go alittle over, you know, to shakeiralittle too
much. And of courseit’salittle thick therebecause you stillhave water in
that corner, but that’s notbad, that’sagood sheet. Ifs one of those things
that, you know, ifyou'realone, and you turn thesheerback inand just ery ic
alot, eventually youstart to getused toiit. Letitdrainalittle bit, Okay, now
thistimebringitupand justsetitupalitdlebit furcher. Onceyou commit
todoingit, reallylean onirasyou roll across. Thatlooks good, now push
down hard as you rollacross. Good. Oops!.

Nowtheotherend.

Yeah, maybe too far thisway. The pulp’s starting to get really thin, and
that’s part ofit. Let metryand make oneand seeif  can make this work
because I thinkits partly just having enough pressurcon it. Normally we'd
beadding pulp after every sheet; werestarting to geta litdle thin, so that
can havesomething to do with it. The moisture contentof the felts. How
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much moisture thereisin thesheet, just before you couchit. Alotofthings
like that can makeadifference. .. Well, see, I started to havealittle trouble
atthe top, but notice how I really kind of, I rally leaned right on top ofit. .
Yeah.
And that makesabig difference. It’salso true that the pile’s starting to get
big, thefeltsaredroopingalittlebit,and they'remuchlarger than they
need be for thissize paper. Wereally should havesomesmaller felts.

Onceall sheets have been made they are pressed, for several minutesat so
tons. While the paperisin the press, themould and deckleand all other
equipmentaresprayed free ofany wet pulp. If thepulpisallowed to dry, it
becomes considerably harder to remove.

After they are removed from the press, the wetsheetsare parted from the
felts. To make them easicr to handle, they are placed between dryblotters.
Theblotters can be used repeatedly until they become so damp they need
tobehungtodry.

After fiveor ten minutes, the sheetsare separated from theblotters.
Thereare three final drying methods to choose from depending on the
desired surface and feel in the finished sheet. Ifhung to dry individually,
the paper will haveadecidedly rough surface. Small picces of blotter help
eliminate marks from theclips.

Foramoreeggshell likesurface, thesheetsarestacked in groups of about
6sheets calleda “spur”. In this case, only one spurismade up, but they can
bestacked; separated by afelt. Thespuris pressed just enough to make the
sheetsstick together. Bothsinglesheetsand thespurarehung to dry inthe
same fashion.

Acthird alternativeis thestack dryerwhich will leave the paper with the
smoothestsurface.

Afteracoupleofdays, thespur hasdried and can be taken down and
parted intoseparatesheets. Thesinglesheetsarealso taken down.

Like thebeater test sheets, the airdried full size sheets are flattened by
spritzingand stacking. They arewrapped in plastic and left overnightand
thenloaded into thestack dryer. '

Whenall three drying procedures arecompleted, the finished sheets can
be compared for surface feel and handle. Againssingle dried sheetsare the
roughest, spur dried sheets havea more medium surface, and stack dried
sheetsare the smoothest. Inaddition to being smooth and flat, stack dried
sheetsalso tend to bestifferand less pliant than single or spur dried sheets.

If the finished paper needs to be resistant to penetration ofliquidssuch as
ink or watercolors, internal sizing might have been added to the pulp in the
beater. However, if thisliquid resistance is necded along with additional
strengthand abrasion resistance, the paper canbe externally sized with
gelatin, Thisis normally doncafter drying, butbeforeany humidification
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takes place to flacten the sheets. Sheets dried by any method can be sized.

Ingeneral,a2.5percentsolution of gelatin isa good starting concentra-
tion. 4 liters of size were required in thisinstance so 100 grams of dry gela-
tinwereadded to the water the nightbefore. Beforesizing, the solution was
heated inadouble boiler until warm to the touch. Potassium aluminum
sulfatewasalsoadded atone percentbased ontheweightofthedry gelatin.
Thealum isbelieved to help harden thegelatinandleave it more resistant
tobiological attack should the paper become extremely damp or moist.

Thesheetsaredipped and stacked until all paper issized or thebathand
wetsheets begin to cool. If thishappens, thereisadanger of themssticking
together. Once the pilehasaccumulated, afeltis placed on top, rubbed
from thecenterour, and followed by aboard. Final stepsinclude pressing,
parting, hangingto drysingly, humidificationand reflattening.

Finished sheetsarejudged poorerin quality if they have uneven forma-
tion quality, or obvious clumps, knots, debris, orwater drops. High qual-
ity sheetsarerelatively free from these defects.

Making even moderateamountsof western style paper thatis consistent
in quality and free from defectsisa considerablechallenge. Thereare many
differentapproaches towestern papermaking, butsteps covered in this
videotapeareintended toserveasauseful pointof departure for those
learning the craft. Viewersare encouraged to consult theattached bibliog-
raphyand to visitour programsand facilitiesat the University of Towa

Center forthe Book.

Center for the Book Paper Facilities, M1og Oakdale Hall, University of
Iowa, Iowa City, lowa 52242/ Phone: (319) 335-4410.
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