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. INIRODUOTION

From the earliest histery of papermaking practical experience
has shown the advaatage of sudjeating fibers iln waber suspension o &
certain mechanical action called beating. The beating proocess in-
orsases the strength and regularity of the sheet formed; $he importance
of such a ‘reatment can be seen when one considers that, by deating,
the papermaker is enabled to produce papers of widely different pro-
perties from $he same pulp. It 1e gensrally sgreed that the purposss
of beating are: (a) To separate the fiders from each other; (3) %o
cut them %o the desired average length; (g) to fidrillate sheam %o
some extent; (d) %o wet them and render them more pliadle; and (s) to
dsvelop some sert of surface coadition which will cause the fibers te

adhere $o0 each other more stromgly when formed into a shees,

Until the latter part of the 17th cemtury beating was car-
ried out in etamp mills, similar $o the mortar and pestle arrangesent.
About 1690 a great improvement was made in this part of the paper- ‘
making process with ths invention of the "hollander” beater, so called
becanse it was invented in iolland. The hollander of Soday is very
similar to the original, although it has been made larger and probably
more effisient. Some pars of the beating action which was foraerly
acconplished eatirely in the hollander is now carried out in more

specialized equipment such as jordans and other newer types of re-

finers which have been introduced during the last few years.
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A shudy of the possidilities of achieving this refining
aotion by a differeat method was begum in 192k, whem She U, S, Forest
Produots Laboratory ssarted the operation of a rod amill of "semi.
commoroial® sise as a part of thely experinestal progren. Rus and
Wells ()) described the earlier work with the mill, the greater pard
of which was conserned with the spplisation of the rod mill to the
defibering of chemically softensd (semicooked) chips and its use as
a refiner for screenings. However, in this paper thay pointed out
She petentialities of she rod mill as a beater for chemical pulps

and zave a discussion of its effeets.

In a recent article Wells (2) poiasted out that the rod mill
may have an action quite different from that of either $he hollander
beater or the jordan, the difference in action depending to some ex- |
tent on the method of operation. With stock of 6 per eeat consisten-
oy thn'ro 1s a cutting aoction on the fibers with a consideradble loss
of power. With stock between 6 and 10 per cemnt consistency the result
is a development of the dursting sirength with but 1ittle redustion
tn freensse. The most significant effeot of refining with rods is
the greatly chlcrahd re%e at which the treated stock dsveloped
dursting strength on sudsequent refining in a beatar or Jordan, By
giving the steck a pretreataent with rods at 7 per cent consistemsy
for ten mimtes and then Deating in a laboratory deater, this effect
became spparent. ihen beaten to the same freeness in the beater, the

pretreated stock showed a noticeable increase in dursting strength

over Shat of the untreated stock (136.5 as compared %o 121 1v./in.2




per 100 pounds bdasis weight). On the other hand, the pretreated

stook could be beaten $0 a Pursting strengih correspoading to that of
the untreated stock with much less deating action; the freeness would
then bdbe oconsiderably higher and thers would also be a great saving in

power required for refining.

In this investigasion no attempt has been made to study the
variables of beater opsration and their effect on strength develop-
ment, dut rather $o study the effect of the original condition of the

pulp--i.0,, slush, wet lap, or 4ry lap--on the sudbsequent strength

i
development. The immediate purpose was tc deteraine why it is posei~
ble to pretreat certain pulps in a rod mill and then obtain by sudb-
sequent beating a significantly higher strength than is possidle frem
the same pulp withoud pretreatment. This involves a study of the
action of the rod mill on pulp, both from the standpoint of its bdeating

actien and of its action whon used $¢o pretreat pulps befors deating

in the regular beating equipment.




NISTORIOAL SUKVEY

Wha$ astually happens to the celluloss fider in the bLeater
to give 1t shwetmaking properties has long desn a subject of con~
Sroversy. If ether fibrous materials, wuch as silk, weol, or as-
bestos, are formed iato sheels from dilute suspensions, they produse,
on drying, only a felted mass ani the sheet has no structural streagth
exgept that which results from $he entanglement of the fidbers used,
Adhesion of fider to fiber is lacking. The action of the beater in
cutting and druising the fiber is fairly ebvieus, tut chemists have
folt that some further explanation is needed to account for all of
the effects preduced. Cross and Bevaa (3) stated that the essential
requirement of beating is to defiber the pulp completely. A second
requirement is the "softening" or "hydrating” effest whioh causes the
fiber to become sufficiently flexible so that a uniformly close web
eould be formed on the paper-machime wire. Finally, ths mechanical
action of the beater taskle cuts the fiders and at the same time
bruses and flattens them and in some cases splits them longitudimally
into smaller units or fibrillas. In addition to thess effects the
suthors also stated:

“A fresh change $akes place in the fiders as a result

of their coatact with the watery mediusm: the continued
beating and agitation causes the cell-wall of the fider
o adsord water and pass into the gondition of a
gelatinous hydrate. In proportion as this change is
effected, the stuff is said to work 'greasy' or 'wet!,

an offect which may be regarded as due to a solution
of water by and in the cellulose (hydrate).*
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Schwalbe and Becker (L) believed thad beaten pulp was more
hygrossopisc than undbeaten pulp. They attiributed this to the for-
mation of a gsellulose hydrate,

In 1926 Strachan (5) attasked the chemical $heory of beating
snd proposed that the taking up of water by cellulose bde termed
*4mdbibition” rather than hydration, 3incs the eurve for the npor
pressure of beaten pulp plotted against the water content showved no
break, he claimed that there could be me hydrasion in the chesical

faense,

The theory which he proposed was based entirely on physisal
ehanges. He postulated a fider structure very similar to that as-
cepted today. The basic unit of the struoture was the cell of lsyer
and Mark (6) composed of four dextross units polymerized esd to end
through 4he oxygea 1iskages in chains of fifty %o $wo lundred groups
to form the asllulese molecules, or micelles. These rodlike micelles
are dound together in bundles to form the uuid cellulose orystallites.
In tura, the srystallites are bound together in bundles to form the
gibrillas. 'he fidrillae are bound togesher spirally in layers (])
to form the fiders, those ia the same layer lying parallel %o each
other, but thoss 12 adjagent layers lying st an angle. The fidrillas
in the innermost layer are almost parallni S0 the axis of the fiber;
those in successive layers are at grester and greater angles to this

axis. Pinally, the 1last layer is at an angle of almost 90 degrees

%o $he fiber axis amd forms bonde around she fider. The layers of
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fivrillas are porous, allowing water %o penstirate and camise the fider

$o0 swell.

From this picture of the fiber strusture Strachan (5) ex-
plainsd the action of the beater as a loosening af the outer layers
and & fibrillasion of the surface. HNeaten fibers are softer and
fidrillated, so that they lie more clossly o each other on the paper-
sachine wire; the increase in strength is due %o the fibrillation amd
ontanglement of the resulting fibrils.

In o later paper (§) Strachan admitted that ihere is an
adhesion Detween swollen cellulese fiders and explained this as "the
cohesion between colloidal surfasces socording %o well-kmown physical
laws.” He slse showed that thers was no inorease in tﬁo total sur-
£a08 on beating, which was evident from the fact that the Kethylems
‘Flue adsorption d1d mot change. This 1s in sgressent with the work
of Kress and Blalkowsky (3), who also demonsirated that mo appreciable

chemical changes occurred on beating.

Kress and Bialkowsky (9) condusted beating experiments ia
s large mumber of liquids other than water and measured the swelling
power of the different liguids on celluloss. Under eimilar conditions
they found that the swelling power varied directly as the degree of
beating, ZFrom their results they sonsluded that in the wet swollea
condition the fibers are low in stremgth dut very soft and plisble,
and mechanical action tends %o bruise and fidrillate the fiders rather

than to produse a cutting sction. They ascrided the hard, close




ey b

strusture of the sheet made from a so-Called hydrated stock %o tle
£ibrillasion of the fiders and the resultant shrinkage of the fibvers

on drying.

Cnﬁhu'u (10) theory of beating 1s not very wuch differ-
ont from that of Strachas, although he believes that a hydrated sur-
face exists on all cellulose fiders ia contast with water. This
foras a layer of hydrated cellulose whioh lowers the attrastion of
tha fibrila for sach other and allows water to enter and produce
1adidition and swelling. Beating and mechanical astion furthsr dig-
rupt the structure so thal some of the fibrils are frayed cut and
become visible., Although the apparent or visible surfasce is iacreased,
the total surface is not, since these fresh surfaces existed previ-
ou.ly a® parting layers ho_id‘ the fiber. Campbell poufod out that
the strength of & sheet is due to the adhesive bonds between Ve
fibers. These bonds are formed when two wet cellulose surfzces are
dried while in comtect with each other. The greater sxternal surface
produced by beating inorsases the mumber of surface contacts and
subsequeat bonds, and hemce, inoressed sheet strength on beating.
Although the nature of these bonde is not known, the author postu~
lated that they are dus to the same secondary valence forces which
cause erystallisation., The strength of the resultant boad then de-
pends on the orientation of the two contacting cellulose orystals.

If 1dentical in crystal orientation, a bond of maximum strength is

produced, but the strength of the bond becomes less as the crystals

.are less perfectly oriented.
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Bigurd Smith (1]) was the first to carry out a $horough
study of the mechanical sction of She beater. He desoribed the effeot
as two-fold: firs$, a cutting action Detween the edges of the fly-
bars and plate and, seecond, a wet deating action csused by pressure
and abrasien detween the moving surfaces of the tackle. Haavy rolls,
sharp hard tasckle, low backfall, and low consistency tend $0 produse
the first effect~-a short fidber with relatively high ffuaon. On
She other hand, a 1light rell, soft steel dars in the roll and bed-
plate, high mxfm;, axd high consistency produce the second effect--
& slov stook in whioh ths actioa is more one of abrasion than ome of
cutting. Ia addition to the adove, thsre is also the bdrushing effeet

which tends to disintegrate any fider bundles.

S2ith proposed $he theery thad the fibers are actually
beaten while lying acress the flybars and bedplate dars in the same
faiﬁln that they will lie across the edge of a knife dlade when the
’i&ttor is drawmn through the stosk, There is a definite increase ia
the sise ;f this "fibrage® with the consistengy of the stock and alse
the length of the fiber, He polntol out that the fibers which strad-
dle the bars are whipred against the dedplate bars, which produces a
mechanical action on the fiber. Short-fibered pulps, such as soda
pulp from hardwoods, have a very slight tendency to form fibrages
and, therefors, are very difficult to hydrate.

In a study of the effect of different beating pressures,

Grand (}2) found that the condition of a pulp at identiocal beating
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dogrees, as measured by freensss, changed appreciably. AS increasing
pressures the mean fiber length decrsased, the percentage of fines
passing through a 160-mesh ssreen, which he designated as the slime
content, insreassd, and the felting sapacity became less. Agsociated
-uu" these changes and dependent on them, ascording %o Grund, was a

4degrease in strength properties. As higher beating pressures were

used, the mean fidber ;ong\h at any given freensss was less and the
hreaking length of the sheets prepared frea the pulp was less. Curves

ansd $adbles shoving $his relation are given, but mo data for the other

strength properties are included.

Steinschneider and Orund (13) pointed out that freeness
anmot be used for comparing different pulps, especially when
prodessed in different beating instrumends. They stated that the
beaten oondi tion of a £iber suspension ad .voorwn freensss depends
qi .‘tb -\wnm content (lowest tracuei passing through a 160-mesh

“Screen), mean fiber length, and the felting power of the individual

fibers. Oaly Yy a consideration of these factors were they abdle te
cozpare pulps deaten $0 ths same freensss in different boatiu‘ 1nstru-

nents, _

Shliok (1¥) emphasised the importance of the influence of
fider length in pspermaking and pointed out the dependence of strength
development by deating on the amount of fider cut$ing that has taken
plase, He postulated that the maximam plasticity of the pulp fiders

mat be asintained in order that the fiber structure will be able %o
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withstand suffictently the relatively harsh, abrasive beating action--
hence, the higher test obtaimable from pulp purchased wet as compared
with shat from dry pulps. Unless the dried pulps are properly slushed
before deatiag or are beaten in deaters oapable of “relydration", tﬁc
strength valuss will be excessively low. Suoh improperly hydrated

stook will conmtain fiders actually torn intec fragments which serve ne

purpose other than as a filler for the sheet, Shliok did not explain

what 1e meant Dy a beater capedle of "rohwdraﬂon"' %0 be used on
dried pulps to prevent exsessively low ttrgmh values but etated
only that "powerful relhydrating means wuilt into beating engines will
produse better strength values."

In connectior with this loss 1n strength whea pulps are
dried, Simmonds (1%5) pudlished in 1933 a survey of the literature
dealing with the dryiag of paper and cennluh.paoonakinc aaterials.
It was mostly doncerned with the chenmical reastioas Saking place on

drying, the less of wolatile materials, ete,

Swarts (16) carried out laboratory beating tests on a
sulfite pulp of varisus moisturs coatents and showed tha$, as waler
was removed from the pulp, $he maximum bursting streagth obtalnosble
by beating decreased and the $ear inoreased. There was no abrupt
change from wet $o dry pulp as there was a loss of about & per cent
in bursting strength when the pulps were dried from 23 %0 55 per
oent ovendry, and when they were air-dried to 91 per cend ovendry
there was a further loss of about 10 per cemt in burstimg strength.

The fresnses was also affected Dy the drying and, as the pulps
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In an earlier article Wells (2]) stated that a saving of
50 4@ 7O per oent of sthe powsr required in the beaters could be of-
fected by the use of the rod mill. Later work (26) showed that a
twenty-minute treatment in a 3 %y 5 foos rod mill® shortened the %time

required to yeach maximum strength in s$he pebble mill by ome hewr,.

and the maximom .tnigth attainadle was increased by about ki per
cent, When fed at the rate of about 17 tons per day, a 5 by 10 foot
rod mi1l was able to impart about 20 per cent greater beating trest-

ugat than that odtained Yy Swenty minutes in the 3 by 5 foot rod

aill, On this basis a 7 Wy 16 foot mill would be capable of $reatiag
55 tons of pulp per day with 160 h,p. required for operation. IFree-
uil tests showed that tﬁc rod mill develops maximam sﬁ%ncth .'Mh
much less loss ix_x froeness than whan the pulpnim developed to the
sane ltronﬂh in a deater, thus pomu'nu sasy removal of water on
the p.por-nachtno wire, u}paronu.r muu propiﬂtu were developed

wisbeut the uul accompaniasnt of sxcessive slowness,

From his data and experience on the commercial operation of
N 19 _16 foot low pulp-line, epen-end rod mill used on kraft pulps,

' Wells (28) concludsd that, for the first third of the beating oper-

nton, the rod mills are two %0 thno times more efficieat from the
standpoint of power oompun than are beaters or jordans; for tln
setond third they are from 50 %o 100 por cent more eofficient; ud for

the fiaal Shird the Jjordan is more adaptadble and as efficient as the

® In all references to the sise of a rod .m, the figures given refer
%o the inside dimensions. The first figure given is the diameter,
the second ia the length. ”
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NATERIALS ARD METHODS

PULPS USRD

Pulp A was & Jank pine kraft pulp cooked to a permanganate
pumdber of 25,8, This pulp was obtained in slush form only: the sauple
was Saken from the diffuser after the pulp had been washed. It was
screensd ob 3he ladoratory sareen, pressed to about 20 per cemt 0.4,

content in s wine press, and stored in airtight containsrs,*

Pulp B was a jack pine kraft pulp occoked to a jnmmu

mumber of 22.5. "As this puly wes from a mill having a commercial rod
' mill inetallation, samples wers taken before and after he rod mill,
These sazmples in slush form were pressed to about 20 per cent airdry

content and stored in atrtight contalners for use as required.

Pulp C was a ravw kraft pnlp from nnth:ﬂ“ pinewood and vas
avallable in 1sp form enly. These laps hmd been made on a Kaayr wet
machine and had air-dried %o some sxtent while in storage. The o.d.
content varied froa 55 to 90 per cead.

Pulp D was a well ceoked jJack pins kraft pulp cooked under
A the same sondition as Pulp B. This pulp was avalladle in both the

slush and wet~lap form, 7hs slush sample was taken at the tine the

* The term 0.4. content, uséd throughout this thesis, signifies the
percentage ovendryj--i.e., it is the weight of the pulp when dried
to constant weight at ) C., divided }y the weight when wet,
times 100. '
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~web mashine %&pt vas deing f11led lé a8 %4 be rmg‘-cﬁsitln af“ih :
pulp ia th wet«lap form. Ahvr wt nachine was used and tht 0.4,
_gontent of the laps was adout 26 per cent. The lluih pulp '“.» stered
" 4a dﬂid\\ contdms, n‘ e wet laps nro nappoa uth uphn.t
mr h mh anamr u to pr.vom dt dnu..

~ PEEPARSIION OF _wuus

J nﬂr«cnl (o.i. ‘basis) handaheet laps vere ub fron Pul.u
A .u Boa the Iouc and iooa shest -ou These nro maud b.tm"

')‘blu %o adout 50 por gent 0.4, on & Wnuua press,

| mmiaxm(mpn)mmammw;mm'
A ltripn qna pressed to th- um-oa moisture contat »afore prouuin.

 #his preseing was sscomplished by puu-g the sArip of wet-lap pulp
: Yetwoen tb pnn rolls of the Noble ud Nood shedt mold mlput

. _lo hlh nn uud. The resulting -uu%uﬂ msm of the wet IQI

m Bantrouu Yy varying the wighh uud on tlu pron rouc.

| m the mhiu-utoc mpln m of tho 37 por cent o. l
&m laps (M’ D) were dried on the oynnm- drier of the nouo ud
. j'ml theet mald equipment. Tln m.: tompontm was preodically
‘Mtant ab 120° 2.; the tine of mtac was varied 80 as to reenl Ahe
| dasired mofsture content.

| &rmur-mumpuammw-mmmupom'
%o tbe air \AM1 ey had reached the desired dryness. The lepe were

w out 'vqxfneiont!a $o insure a mvm unifors rate of drying
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throughout the laps.

PEETERATMENT QF PULPS

The laboratory rod mill used was a 12 Yy 2% iach aill made
by ¥ine and Smelter Company, Denver, Colorede. The tolal charge of
38 rods weighing 220 pounds varied in sise as follows:

Dismeter Busder
/% inohes 9

1 . 15
. 1«)/% 12

1-1/2 ~ 2
Totad 38

The speed of roSation was 45 revolutions per mimite.

Yor the red-aill mtmﬁoat 500 grame (0.4, dests) of
pulp was eharged into tha mill, cars being taken to distritute the
palp throughoud the charge of rods as well as possible. VWhen laps
were used they were torm into small pletes by hand., After echarging,
enough waler was added to bﬂnq the consistency of the etoock $o 20
per cent; a five-minute treatment was then given to the pulp at this
ooutoiow. This was done to insure a thorough distridution of the
pulp Shroughout the rods; that this treataent had 1ittle deating
action on the pulp is shown in the results. After this treatsent,

enough water was added o decreass the consistenoy of the stosk iz

the mill t0 7 per cent. The pulp was then rod milled at thie




uuzom for nn nimutes unlu- tho u» 18 otm« mctﬂu.

. Afvep mvn fres the -m. and separation from the m\., Ahe pulp
wae um M this couuumy nr m-omusxmm mu».

rorthtpmmm:thy-mutu, tho laps were f1rs} ats-
uum aeonrilng w !Am sma-n Meshad !m-.}x tor -m |

7 ;;;..jmw m !’hn ynlp wae thn umm u the -un um-mn
e nnm \b nupud stoek was molmm} un s hnw -unin oloth te
| prevent the loss of sy shor fivers. The screenings ¥ u.um on the
| -. ,.w-m sorsen ,uu m mbiu‘ with the mopm atouk 80 thnt 1a

ittaet tho only uusn \vao to diunﬁmau the laps cuphtoly.
l’hor- m nttmm uiuuo-. mm by " wmu. of tb uh”or B

: ‘_mor m the ﬂhfui“h of the umn tu Wreak w ‘all. m olu-n m'

nhtu ,l'm the J.qn; consequently ﬂuu umuim cmhto( oﬂy

;or mm

m beaters used m a-ummu 1.5»19“:4 !‘al.lw ubom» l

| vm: Veaters. m caltiration o vm Coast wibleashed sulfite palp

i dr:«hp forn was um as s -em The rmlu of the mum\

. palp mtmuon ruie vith Shese Sores butm are civn ta Table 1.0
In tlmu eun vhnr- am Shan one callmuon ron m mada en thl |
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which may have taken pluce in any one beater from time to time; these

chsnges, however, can he seen from the results in Vable I.

HaPInG PaOCEDRES

The beater runs wers made according to TVl strndurd Methed
I 200 m-3Y%, except tn:t the intervals selected for sheatmeking were
different frou thoge recomnended for hraft pulps, Yen- and fifteen-
minute Intervals were used in order to obtaln a more accurate curve
for the strength development; mnarticulsyly in the esrlier part of the

bester run where the development of strength s quite rapid.

Yor sll the bester runs on Puips © and D, except those which
had been glven & rod mill pretresiment, %lie puly was first given the
preliminary stirring e® provided in Taril Ht-nderd “ethod 1200 n-3h,
“nig wag not done in the case of «<ulps A and 8, wilch were obt-ined

in slush farm only,

FOLMIAG a0y SuSLING OF AaNDulBES

iandsheats wore made according to TiWl Stardard dethod

1205 m-36, ‘these hendsnests were then evalusted by tie Tollowing

metihodse:
Hemig dolght Inatitute ‘ebhod KOU
Gnlluer ‘ Institute Hethod HOB
sursting Strength Ingtitute athod 510

Tenring Strengbh Institute tetiod 5l2.
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the apusrent density wawm oclculsted by dividing the basis
weight (26z4C-~500) by the erliver exvresazd in thousandths of sn inech,
The bursting strength renresents the bursting strenzth in pounds per
squnrs inch divided by the bnsis weight and multiplied by 100. The
tear factor is the tearing strength in grans divided oy the basls

walgzht,

From these teats :nd tie Sehonper-ilegler froeness drte,
beater curves are drawe in which the strength progerties are plotted
versus Ireenses, .‘rom these curves the provertisz developed at T00=ce,

‘resness in each bester were tobulated.

LG LEEAR MEABULGIATS

Szall sanmples of the stock used at sach bestiaz interval
for sheetmaking were saved for fiber ilenzth measurenents, ihe Pro~
cedurs as asscribed in deinll by Uraff (29; was used for the prepa-
retion of the slides and the meagursuent of ithe fibere. The width
of the flbers was not measared, and the average fiber lencth given
is the aritimeticsl sverage. Fiber measurements were made at & minie
mun of three neatling lntervals. sy plotting the averrge fiber length
versus freeness the average flber lengtn st any freeness within the

range investipated could then be founi.
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KEIULRS AD LISGCUGSION

AUl UTLde SR InEallnND QF SLUGH PULY

denter runs were made on slush Fulp & as received using
Benter 1 rnd, for the purnsse of defernining the effect of nretreate
ment, S00=gran hatcnes of this pulp were rod wilied for vworious time
intervels, ~fter thiis rod-aill pretre-tment ve-ter rans were nade
on thesé srmples, Uhe complets reslis of thees runs are given in
“able III, Irn order to facilitate comimrison of the different veater
runs, an artitrary freeness of 700 cc, was selected ~nd all properties
at this freences are taken from the verter curves sad $s2dulnted,
ihese results are ziven in “sble i1,

L 11

EYALUALION OF PULE 4 A1 TOO-ge. FRRNMENS

dureting
v Time to Strength
deater iretreatnent  Levelop 15./1in.2 Tarr  Jpyparent
sun in Rod %ill ain, per 100 1b. Fector  Density
Al lone b1 126 1.38 13,4
A5 None 37 127 1.37 13.7
sverage of 4l and A5 39 12b 1.3% 13.6
&b 5 min, at 20 36 125 1.40 1%.0
AZ 5 min, at 20, 30 125 1.% 13.5
5 min, a% T »
a3 5 min, at 207 29 126 1,38  13.4
10 nin. ot 7
A7 5 win, at 209 32 12¢ 1.39 13.7
15 min, at 7o
Al 5 min, at 209 25 126 1.35 13.6

20 min, at 75



Beater Condition Frstreat-

San of Pulp ment
(tulp )
Al and \ :
AHe wluah tone
A%l -8t Lap sone
A3 fat Lap Xod ¥ill
&10 dry Lap none
a0 wry Lap hod =111
{Pulp 3)
41l and
a5 Slush Sone
56 vet Lap I8
S10 wet Lap Hone

iverage of Bo and 510

hod W1l
kod i1l

BT iet wap
11 «e% Lap

avercge of 37 and nll -

* Frog Tavls 11X,

Ol

€60
665
855
370
855

855

860

850
sb5

650

5!

850

g%
€55
€50

ghs
80
3h5
850
235
835

835

Xreeness--cc,

15!

325
&30
825
&30
815
815

815

25¢

815
325

785

B30

170
175

770

35!

750
715
700
780
720

740

e

THo 6

680

695 -

630

iy

295

o70
5715

600

380
W5

355
465

395

435
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75'

2n5
275

2715

295

280
285
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The pretreziment of the slush pulp in ths rod mill did not
cruge a2n lneresse in ths strengih obirirsble on subseguent becting,
a8 the fraenpss-bursting strength ond the freeness-iear relationships
rere practically the same before snd :fter the pretremtment. This is
ghown more clearly by the beating curves given in IFigures 2 %6 6. In
51l of the rod-mill runs the first five minutes at 20 per cent con--
gistancy were used to distribute the puly Shroughout the tharge of
rode; thet thie five-ninute tre~tmant hod vers 1ittle =ffect on the
palp is auown in Figure 2, where Yae bursting etrengih, tesrr, and
frseness drop are practically the same on beating zs for tae untreated
slush puip; alsc the fresness, bursting strength, and tear of the un~
ceaten stock ~re the szme before and ~fter thieg pretreatment, low-
ever, rfter the pulp waw roa milled of ithe lower consistency, the
tine requirsd o recch a certain freenees droy on beating with the
corresnonding strength develo-ment was lessened; this decresse in time
required depended on the time of the rod-mill tremiment, Zror Figure 7
it 13 seen that eacs five ninutes st | per cent consistency in the rod
mill reduced the time regquired in th@ beater to reach 700-cc. freeness
axd 126 19./in.2 per 100 pounds bursting strensth by sbout thiree min-
utes, Japperently the action of the rod =ill on this slush pulp wes
the gane =g thnt of the beabsr, except that 50 to 60 per cent nore
$ine waz reguirsd to produce the same mmount of action, “iven vhoug#
an increment in burstiog strengtn and drop in tear wus produced by
tiis rod-nill pretrectuent, the freeness alsc. dropped, snd the mrgni-
tude of tiese changes w-s practically the same ns that tsitdng plece:

in t7e bdester 3o ~bout 50 per cent less bire.
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48 & further cneci: on the prekrestzent of slusk pulp and
2180 for the jurvose of obtrining some nower dats frow ~ comnercial
rod @ill inst 1lstlion, some slusi pulp (iulp 5) wee obirined from a
mill uelng three T by 1l¢ foot low pulp-line rod mills, esch driven
by a 182 h.p. nmotor. Yorty-elght to £if%y tons of vulp per day were
fed continuously st 7 per cent consisteney $o esch mill. Samples
were taken before and =fter the mill; sinee only &lfew aimites wers
required for saxpling, both saapleg should have been from aruroxi-
mately the s~me pulp. senter runs were made on the slush pulp both
vefore und sfter the commercial rod mill using 3esters 1 and 2,
also, a samnle of the pulp taken befors the rod mill wos sratreated
for five minutes at 20 per cent snd ten mimutes ot 7 pexr cent con-
eistency in the laderatory rod mill; then » bester run wes made on
this stock in serter i. “he complete results of these runs =re given
in Table 1il; the properties st JOO-cc., freeness sre taken fro- the

beater curves anl are given in isble IV,

The results with this pulp confirmed those found with
Pulp Ay i.8,, the pretreatment of slusia pulp in the rod mill did not
increase the strength which could be obtrined by subsequent beating
but did decresse tie time required to reac.. & certsin drop in free-
ness or develonment in bursting strength owing to the bezting sction
of the rod mill., This was slso true for an entirely different bester
{seater E); which gave & lower bursting strength for both the pre-

trected and untrented sarples thia bester 1 gave.
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Podin IV

BVALUATIOR OF JULF & AT TOU~-ce. FLHESS

Bursting
Tine to Strength
Benter Develop 1b./1n,? Tear apparent
hun Pretreatuent min, per 100. 1b, ¥aotor Densaity
{Bester 1)
3  ione 39 127 1.29 14,0
85 Sione 39 ' 129 1.3 13.8
Average of 41 and 3§ 39 128 1.34% 13.9
Bl Laboratoxry
Rod %111 35 127 1.30° 14,0
B2 Commercial : |
Hod M1l1 36 128 1.26 k.0
(seater 2)
A3 lone ‘ a7 112 1.3 44
B2 Commercisl
Hod ¥ill 25 111 1.30 4.7

Inamauch as the rod mill pretreatment did rot effect the
burating'an& tearing strength obtainéble by bezting, the only methad
of comparing the actlion of the commarcial and laboratory rod mills
was by their atfecf on tha freesess of the pulps. The freeness drop
for the laboratory pretreated ntoék was the same s8 for a stock which
had one pass throuzh the tommercisl rod mill, as shown in Figure 8.

On this Yasis ten mimtes in the laboratory mill at 7 per cent con-
pistency hed the same beating action 2% one pass through the commercial
rod aill operated under the conditions éeecribed previously, This

would provide s factor for calculatiaﬁ the power requiremsnis of a
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commercial inat-llztion from the time reguirement of the laboratory
ro¢ mill, Thot ia, ten minutes a% 7 ver cent consistency in the labo-
ratory mill woﬁld correspond in beating action to a powar expenditure
of 3.04 h.p. days per ton in the 7 by 16 foot rod mill. This sgreed
very well with the conversion factor used by Wells (26) for the same

laboretory mill.

ROD-MILL PHETREALEND OF HAMOSIERT LaPS

In view of the fact that the ﬁrétreaﬁmenﬁ in the rod mill
of the slusa pulp did no% show any particular advantage and that the
results reported by vells (2} ﬁare for lap pulp, it w&s decided %o
meke laps on a sheet mold from this slush pulp to determine whéther
or not this was s siznifieant factor. ¥Mifty-zram (o.d. basis) sheets
were made from fulps 4 and ¥ on the Hodble and wWood sheet mold and
pressad to about 50 per cent o.d. content. Cne hateh of these lapw
from Pulp A4 was allowed to alrdry to 94 per cent 0.d. content. Seater
rund were made on the untrested and pretrested laps for both the 50
snd 94 per cent o.d. laps using BSeater 1, For the pretreatnent, the
laps were rod milled for five mimutes at 2C per cent ~nd ten winutes
st 7 per cent consistercy. The results of thess runs are ziven in
Table VI, and the strength values at 700-ce, freeness are given in

I'uble V,

In the case of rulp A the bursting strength of both the wet
and dry lap throughout the whole freenes:s ran e was aporeciably lower

than that of the alush pulp; tnis‘is gnown very clearly by the beating
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TABLE V1

Wil EVALUATICN OF dasDeiEnt iusd

Sursting Strength--1b./in.? per 100 lv.
S0 5t ag' 25t 35t W5t ot 75!

Lo 85 112 122 125 129 133 130
33 71 99 111 1k 119 121 125
75 106 116 118 128 131 13
22 60 97 108 i1 116 120 127
70 56 110 11§ 117 12 '1'26

% gh 110 120 125 130 133 136
W 81 109 119 126 130 130 134
Y3 77 108 115 125 127 134 138
YW 79 108 117 126 128 132 136
g4 102 114 121 127 130 133
79 9% 111 116 125 128 13u
g2 99 112 118 126 129 134



Factor

35

143

1.56

1.48

1.60
1,40

Lige

1.27
1.38
1.50
1,13

1.43

60t

1.20
1,32
1.24

1.29
1.28%

1.1%
1.14%
1.15
1.14
1.00
1,19
1.1¢

75'

1.08

1.20

1.23

1.09

1.09

1.11
1,10

ot

3.1
9.1
11.1
9.3
10.9

9.7
10.6
10.8
10,7
12.3
12,2
12&2

10.4
10.7
12.0
1.2

11.4

11.2
11,6
11.8
il.7
12.9
12.8

12.8

Apparent

15

12,0
11.7
12.6
114
12.1

2!

12.6
124
13.1
12.0
12,9

Uensity

35°

13.2
12.9
13.6
12.4
13.5

15.6
13.7
13.9
13.8
4.2
14,2
14,2

4t

14.0
13.4%
1h.0
13.2
13.8

1u.;
14,2
ik
14,3
14.9
14,7
14,8

14,6
14.2
14,5
13.8

145

[EX

5.4
1.7

14.6

ol
Voo
AN

4
&
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curves given in Flgure 9. 4t 70C-cc. freeness tie burating strength
of the wet lap wgs zbout b par ceni lawer: however, when the wet-lap
pulp was pretreated in the rod mill, it gave, on mubsequent beating,
z burating strengts curve identical with that of the original slush
pulp; Ihe air—dried laps exhivited » slightly further loss in
strength, Tt pretreatment of the cry-lszp pulp in the rod mill did
not give an appreclable improvement in the strength avallable on gub-

sequent heating.

The results ohtaiﬁed with Fulp 4 were not reproduced with
Fulp 8; in the case of Pulp i there wes no loss in strength when the
pulp was made intc wel laps. 'Yie cbservation was made that the laps
nade from Fulp 4 were sligntly isarder to disintsgrate than those from
Faulp 5, Although these pulps were obbalned from cifferent mills,
bota were from Jjack pine and had been cooked o =bout the sane pere
mangernate pupber. It was felt that the method of meking the laps on
z shest mold was difficult to reproduce and tint probably the failure
to reproduce the results was &u¢ to the method rather than to any

inherent differences in the pulp.

To sumnarize rather briefly, the work thue £ar showed thab
no improvement could be obtained by preireatlng slush pulp in the rod
will before beating. It zppenred provazble, however, that in certain
casee there was s lome in strength wien slush pulp was msde into wet
lapa -nd that this loss could be restured by pretre&ting the wet-lap
pulp in the rod mill, in the naxt section this problem wag investl-

gnted in a zore comprehensive manner to determiae vheller or not this
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was actual fact and, if so, the cause,

LEFINIRG COMMUCIAL LAFS IR A SHARD BEATER

fulp U was obbained in both siush and wet-lap condition,
the slush sample baing teken at the sime fime that the wet mschine
chest wns being filled mo ag to be reprssentative of the 1ot of wet
leps. The web laps were made on a wamyr we! machine rnd pressed to
about 26 to 28 per cent o.d. content; some of %hews laps were pressed
to s higher o.d. cohtent in the laboratory. A;eater runs wera amede in
Jester 1 with the slush pulp and wet laps at three different moisture
contente; alss, samples of the 37.6 per cent o.id, wet laps were me-
chine~-dried to 77, #3.%5, and 100 per cent o.d. before beating. A
semple of the stoci used foxr making sheets wan saved at each intervnl,
and f1ber lengtn measurements were made orn a number of taese to de-
terming the relative cutting of the fibers tuking place during the
beating., The laps at these different mcleture contents wers also
pretreated in the rod mill, ~nd bezter rans were nade on these rode
milied lsps a3 zlso on the laps slushed by screening. Since the
work on the handsheet laps from rulp A had indicated that the ad-
vant.ge of rod-mill pretre:inent wos to reduce lap'pulp to slugh cone
dltion effectively, this trestment waw used to show whether thal
adventrge was due merely to = mechnnical separation of fiber eluape
renzining from the laps, ‘“he complete resulis of Shase runs are
glven in Tsble VIII, and the properties at J0T-cc. freennss are ixiven

Y

in Table VII,
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11.9
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4.6
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1i.4
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11.8
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10.8
11,0
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12,7
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115
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1.2

11.0

Apparent Usnsity
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Seater JPercentage iretreat-
Qvendry

Run

0
D2

~ Slush
Slush

ment

Kone
None

sverage of Ll and L2

D3
o4

- 28.8

37.6
45,6
17.0
89.5
100.0
28.8
45.6
71.0
83.5

- 100.0

28,8
45.6
71.0
89.5
100.0

None
Nonea
None
tione
I'one

Nane

“ Rod #1ll

Lod Mill
sod ¥ill
od #¥ill
Zod #4ll
screen
Sarean
acreen
Screen

Sereen

o

865

365

865

855

855
860
860

865

Freenegs~-~o¢,

15!
835
835
835
830
835
840
840

25 ]
810
E15
510
805
€20

35!
T
760
110
175
170
785
195

805

750
155
760
770
785
785

730
800

B05

L5

65
67

6b0

650.

7105
690

720

730
750
635
660
675
690
695
710
635
725
135
760

455
460
a5
935
ug5
235
560
580

5!

295
710

300
280
365
335
380
350

345
340
320
335
325
335
390
365
420
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With this beater tuere was a loss in vursting strength st
=ny freenzss when the slush pulp mas mnde into wet laps of 28.8 per
cent 0.4, content. U< loss amounted to zbout § per cent and is
- siiown mere clearly in ¥igures 10 and 11, There wes no further loss
¥:ien the wet laps were preseesd to U4& per cent o.d., or even when
dried to 100 per cent o.d. The beatins time necossary renained practi-
cally constant for the wet lops but, én drring, slizhtly wore tize wap
required for besilng., Any differencee in the tearing strength given
in Table VIl were well within the limits of experizental error; how-
sver, 1% - o-red th%t there was s slignt increase in the tear at any
&lven freeress when the pulps were dried; associnted rather closely
witi tihds increase in tear waﬁ 5 slight decreass in ap;rrent density
of the sheotr, The fiber-length msrnaurements sncwed that on besting
tus wet lape the fiber was eut nuch wore than was the case with the
slusz pulp. This same increasgsed rate of cutting held krue for laps
dried up to 100 per cent o,d., 28 the average fiber length at T0O-ce.
freeneas for the o.d. stock was practicslly the zsme ms that for the

wet-1lap stock.

#hen the wst-lap pulp was dlsintegrated completely by
'acraeningj or when it was pretrestsd in the rod mill, the resuliing

- #trangth development on beating was about the same as that for the
original slush pulp. .lec, the average fiber length on beating was
greater zfter screening then before, and, 1n.fact; the rate of cutting
was practically the same as for the siush pulp. Zince the screening

of the lap puly would have no effect otzer thsu o ccanlete necianical
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geparation of all the cluaps of fibers remeinicg after the laps wore
given the preliminary ptirring before beating, it appeared that the
gtrength lost when the slush pulp was made into laps was dus to the
nregence of these clumps, Such clumé: of fiberw on entering the

beater toekle would he cut rather than benten out--nence, the resulting
snorter lensth of fibar st = certain freeness. iha complete hHeater
curves, vursting strength, %emr, =nd filer lengih, for the 46 per

cent o0,d4. laps are ihown in Pigurs 12 to illustr.te these differences;

that for the slush pulp is included for comparison,

Since th§ laps pretrented in the rod mill gave practically
the same increased bursting strength on tesating ag was obitrined by
scresning the laps, it was gulite evident tiiat the beneficial action
of the rod mill was to disintegrate the laps completely. It was not
quite as efficient as the screen, howsver, since the bursiing strength
for thie screcnsd laps in nearly every cnse was slightly higher than
{uat for the rod-milled laps {see ¥igure 11). Lost of the strength
laat wien slush pulp was m=de into laps up to 77 per cent o.d. could
be rectored if they were completely disintegrated before beszting;
i,e,, unless ihe pulps ware dried beyond this point, any loss io
strergta was due to clumps of pulp in the beater cuarge, which would
result in 3 greater cutting of the fiber during veating. if these
clumpsiwere disintesrated 9y screaning or by pretrecting the laops in
the rod mill befors beating, tiwre was no éifference in ths strength
of the so-trested laps and $he slush pulp, hen the pulps were dried

beyond 77 per cent o.d,, homever, even after congletely disintegrating
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the lups by screening or by pretresting in the rod mill, ths bursting
strength obtainsble by berting wis =bout 5 por cent lower than that
of the slush pulp. There wae nleo more cutbding; i.9,, at o freeness
of 700 cc. the average fiber length of the dried pulp was apprecishly
lowsr than thst of the slush pulp berten to the sane freeness, Thus

- far there wers indications that the bursting strength obtalned at a
certain freensss was dependent on the average fiber length st thot

. freeness; n direct relationship between fiber length and bursting

strength is shown in & later section,

By a2 consideration of the beater results for the wet-lap
pulp given in Table VIII it cun be seen thal much less besting time
was required 1o resch a cert-in development of bursting strength for
the laps pretreated in the rod mill then for the untreated lape. Far
inetance, in the case of the 28,5 per cent o0.d. lups pretreated in
the rod mill, a burstin; strength of 134 1b./in.Z per 100 1b. was obe
tained by thirty-five-mimute beating, tut for the same lapa without
vratreativent about sixty-five-minute beating time was required %o
rench the same bureting strength, The same relation was true for the
45,6 per cent o.d. laps, On this banis, large gavings In vower could
e caleulated for this tyoe of beater; i,e., by tha expenditure of
3,64-h.p. days ver ton for s rod-mill pretre-tuent, the beating time
necessary to resch this given bursting strength was decressed almost
1plf for thie heater. This s.ving was not due to the bsating action
of the rod mill but to its diaintégrating action. In other words,

when thess lape were disintegratoad by the ascreen, the same besting
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tine, thi:ﬁy—five uinutes, was recuired to reach a bursting atrength
£ 134 1v./in,? ;éer 100 1b, as for the rod-milled laps, However,
thie method of ealculiting power saving could hardly be said to ve
valid, since, 1f u siightly higher bursting streng,t‘h were selecled,
‘an tnfinite tine in the bester wowld be regalred for bhe untrented
lape to raaci this buretin: strengtiy, = Yor iagtnnce, -fter sixty mine
utes in the bester the pretrested 45.6 per cont o.d. lags developed
= bursting strength of 138 1b./in,% per 100 1b,; on the other hand,
thls bursting strength was never developed using the samé laps withe
oul uretreatment, <herefore, bhefore ths above_ crnleul=tion could oe
aprlied to & glven set of conditions, it would be ziecessary to deter-
nine whether incomplete disintegration of the lzps hefore berting
wan causlng s lower tursting strength at any freenezs, 2nd, 8% a
result of thle incomolete disintegration, uors tine was being given
ix the bester to develop a desired burstim: sirength. Cnlys in cases

wiere thls were trus would the above indicationsg of power saving be

valid,

HETIRING COMMILLTIAL L3 TN A DULL J400KH

The resilte ovtalned with Jeater 1 seemed rsther peculisr,
beckuse o dlifersnce in bursting strensti bdatween slush pulp =nd very
wel iaps 'wé,s obtained. slihoush thism différenca Zor laps up to about
17 ver cent o.d, wae shown to be due to incomplste diainteération of

fiver clumye before denting with a resulting: yrester cutting of the

fiber, it was felt that such effects would not occur wier a beater



2iving less cutting was used, 7The same pulps without »retrestment or
screening were run in se~ter 3. WYhe comylete resulis sre given in
iable X, and the proserties et 700-cc., freeness sre tabuleted in

Table IX,

Ag shown 1n this teble and almo in Figur§ 13, there was
little aifference in the mtrength abtainsd in this dbeater between
glush and wet-lap pulp, end vary little loss for laps up to 72 per
cent o.4., seyond thls dryness, however, whetier ziredried or machine-
drled, there wus about a % to 7 per cent loss in bursting strength,
a8 with tae other beater, the differeunces in torr and aaperent density
were so slight that any conclusions would be gquaestionsbls. ‘lowever,
it ssemed that thers was & slight rise in tear =#nd decrease in sp-
purent density st tals freeness when tie pulps were dried before

beating.

In Figure 14 the complete veating curves for the slush, wet-
lap, and dry-lap pulps are given. In conbtrast to the results obtained
%ith the sharp beater (given in Figure 10, 11, and 12), there was very
1iti{le cutting of the fiber in this beater, and the cutting of the
- slush and wet-lzp pulps was rbout the sume, .oweve?, 5# with dester 1,
the dry nulp was cut more and the bursting strength was lower than

that of the slush pulp,

Since the work so far had shown thal preirestment, either
by rod milling or by slushing im the ecreen, was benefleial only in

restoring the strength lost when eluzh puln waz mnde luto wet laps,
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TABLE X |
ABATER BVALUAZION CF FULF D BY SEATER 3

. 2 3 , ; ge Flber Length-~—mn,
sester Peroentuge ¥ —~ce. ) L mu-atipg strength - Apnarent Lensity AvVerage r Syt GRb
i Ovendry  Fretreatment 51200 350 B0t 650 g1 - 5‘3&“;0":“&);27”'50(,25: 12,%750%)0: 50 155,/“3':. p‘;;,qm%sl}’ " 8o 51 200 g Eer 650 Bof 5' ' 35 500 65 80! ot A3 06
- o Sluah sone 850 820 7135 560 320 - H6.7 6.0 458 6.7 46 2,69 1.67 L4 1.25 1.17 1LY 13.2 1.0 147 15.3 . . 0.64 0.6
131 Slugh None 850 820 730 335 350 Wk Yoo ik etk -1&6:? ?g 123 120 2 ig’g 2:52 AR 13 116 11.6 13.% 143 14%.9 15.5
<veruge of 19 and D31 850 820 730 55 335 | ‘ 80 130 151 156 160 2.62 1.6% 1.4% 1.28 1.16 ' 11.5 13.3 14,2 14.8 15.4
220 k5.6 liona 86 820 7165 620 i k5.2 4.2 455 464 4 : 6 1.59 1.43 1.34% 1,23 o 1.3 13.0 13.8 145 15,0 0.67 0.64 0.62
b25 38'5 None 850 B30 770 635 Ui hg.l 47.8 u?.? N, 5 u;.g ?’f §§§ iﬁ;‘ i?é i?ﬁ’ g:go 1???( 1.1;% 1.36 1.23 115 12,9 13.9 it? gg 15.7 ‘
vt v tions S0 830 780 895 570 380 M.6 W72 W15 473 ueh 475 76 120 1M 150 156 154 e q1 1.5 1.58 1.35 1.3% 1.2l e 122 142 4.7 150 15.5
b3 2.8 sione 850 &25 780 675 515 350 9.4 bs.2 472 433 u7.8 kel 75 121 12 150 184 15 2.59 1.80 1.49 1.39 1,33 L.22 11.6 13.1 1b.0 1k, . .
4versge of D20, 25, 32, and 36 850 825 7175 655 4a5 365 T 125 13 152 155 152 2,56 1.75 1.9 1.37 1.28 1.22 11.5 13.0 13.9 11&.'6‘ 15.0 15.6
e 72.5 None 80 $30 790 700 585 435 g5 gy 47.8 46.9 %7.6 Uu7.6 67 110 132 148 15% 157 - 2.73 1.89 .62 1.%5 1.40 1.33 1.0 12.4 13’? .2 1.6 15.2
“3 .4 woue 5 B35 10 M5 580 Mo gk Mg s g ups 4.9 55099 125 W 149 150 3.08 2,00 L6Y LU6 1.37 L.3b 1.0 123 134 1k 1h7 15.0
s Fone 50 &0 190 710 580 u30 M.T k8.0 kg0 47 ura bps 51 9% 125 140 146 14g 3.6 2,03 1.62 152 1.39 1,30 10.5 125 13.3 11 1h5 15.3
siel 100.0 done 865 835 785 £90 50 330 Y5.p 4o 7 ug 4%.% 46,4 46, Bo106 124 142 1 LG8 Lb2 L3l L2b 104 120 13.2 13.9 1b6 120 0.60 0.57 0.56
=27 100.0 hone 860 535 790 705 555 380 4! ug.; 1;7.1-4, 47.7 us.0 us.g 56 109 135 1 %;g ié | §;$§ f:};g 151 1.13 1.32 1,1b 0.5 12,3 13.2 139 145 13.0
«Verage of D21 and D27 860 835 790 700 50 3u5 50 108 130 143 149 15 2.88 1.96 1.60 L.M2 132 119 104 12.2 13.2 159 1h6 15.C
3y 77.8 iione ' 855 &30 790 705 590 Wyo 4.0 u1.5 U47.0 .4 49,3 475 £1 106 132 14 147 152 2.6 1.9% 1.57 1.4 1.3% 1,35 11.0 12,6 13.6 114»,} 14,8 15,1
235° 92.5 Hone 855 835 190 mM5 570 385 W2 W1 Wb 46,5 w2 uss 60 107 128 144 150 146 2,76 1.93 158 L.U6 1,37 L3 1.2 12,8 13.5 142 149 15.5
P40 45.8 Rod Mi1l 835 810 770 670 525 360 8.3 48.0 47.6 Y73 M.k hg,5 106 131 14 150 1% 153 2.04 1,56 1.4% 1,30 1.26 1,24 12,4 13.3 14,3 148 15.2 1%.8
D41 77.5 Rod 4111 845 820 790 TI0 585 465 - L7.6 47,6 u7.7 4.1 47.7 Uu7.3 93 118 132 142 143 1hs 2,26 1.82 1.64 1.51 1.38 1.32 © 12,3 12,9 13,7 12 1h6 15,0
D39 100,0 Rod K411 - 84 620 780 700 590 470 49.5 Y56 48.7 k6.6 4s.1 Ug.o 95 120 135 142 14 15 214 1.80 1,56 147 1.M3 1.2 - 124 13.2 140 1h5 1hE 154
D23 45, 6 screen 855 830 770 655 U5 - 46,0 4.9 k5.9 N6n Y. 130w 1 ‘ 68 1.55 1.33 1.20 1.6 130 139 1h7 153 0.70 0.65 0.62
D26 4z, 6 Screen 855 830 775 660 uy5 485 g0 3&?? 48.0 h?.g gg 128' 1’-&; 1.?2: ig% ' g:;g 1:714 1.;; 1%% 1.23 .11.5 12.8 13.8 14.b 1&.8 : -

5 350 83 32 - » : » 4 140 147 150 f 5h
D22 100.0 Screen 3,0 835.795 ©90 505 315 46.3 %5.9 Mg 452 4.0 457 6 115 135 14 153 158 % 1,95 1,58 1.40 1.31 1.19 10.3 12.5 13. 0.61 0.55 0.5
b8 100,0 Sereen £0 40 T35 10 555 380 W3 % s s b7,k ns.g 22 m? 1?3 1 137 125 :35;8;1 1.32 1.39 L4 L3117 103 121 129 138 b 151
Averuge of D22 »nd D2g 80 840 795 700 530 360 ‘ 5% 110 132 145 152 156 3.04 1,96 1.58 1l.h2 1,31 1.18 10.6 12.3 13.2 13.9 145 15.0

*Air-dried samples; others machine-dried,
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Belation of Bureting Strength to Dryness of Pulp - Beater 3
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