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INTRODUCTION AND PRESENTATION OF PROBLAN

The fresness testsr ia its verious forme vas designed ia
respoase to a demsad for aa iastrument which would measure the ‘vetacee’
of pulp prepared for the paper machine. The terme "freemness,"” "slewvaess,’
sad "wetness" Mave long bVeen used iz the paper imdusiry to deseribe oae
of the preperties or cenditiocns of a pulp. Thees teras have beea more
or lese lossely ueed, although thelir neaning is geserally uaderstood,
They attempt to deseride the drainage of wveater from fiders while they
are beiag felted imnte & sheet of paper, A *free® pulp allows repid
dreinage, vhereas a "eslovw” pulp retards the drainage of water froa the
fibers. “"Freeasss’ sad "slowvness” are therefore aatoayms, "Vetaess,®
oa the other hand, i¢ & more geaeral ters inoluding %oth eade of the

seale of measureasat.

Sinee the rate of drainnge of weter from steck suspension is
direetly connested vith allovedle msehine speed and, also, since free-
ness is wsed to indicate the cendition of the pulp, am imvestigation of
the factors coatrolling the druiasge of wvater from stock could bde of
deeided valus, HNoreever, existiang testers have been found lacking aes a

mneasure of the rate of drainasge or of the conditien of the stook,

The property of freemsss has beea specifically defined ssay
times, ususlly in terms suited to & perticular freeness tester, Thie
thesie sttenpts te dosoridbe freemess vith respeet to drainage of stoek

on & Fourdriaier wire, 8Since exieting testers have faults inhereat in
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the imnstraments in the light of this definition of freeness, the design

of an instrement vhich siwulates dreainage of stoock oa & wire ie¢ demanded.

Thus, this study vill have & three-fold purpose;

1. The development of an instrement for the etudy of dreinage,

2. 4 study of existing testers.

3. An investigatien of some of the facters affecting drainage,



HISTORICAL REVIEW

The drainege 3f water from a stoock suspeansiea has leag bdeea
nconhod.:;(i? & charsateristio of grest importanee bYut i{ts messurenseat
{in mumerical terms has been rather difficult. Jer a mumber of yeare
the 1asdility of say simple freeasse test to fully eharasterise & pulp
has bocons more mmd more accepled, If the freeness test scourately
deserides the rate of drainage of wvater frem fibers as those fiders
are being felted on the wire of & Pourdriaier saghine, the Sest hae
defiaite velws as & messure of one noafundsmental pulp »roperty, How-
ever, there still exists ian the industry sm exnggeration of the value
and meaning of freeneces sad a tendency to accept the freemsss value as
indicative of a definite etook eondition. The freensses tost ie used
ia the mill as & beating contrel sad to propheey the Behavior of stoek
on the mashine aad in the laberatery, ia combination wvith laboratory
refining equipment, to prediet the bYehavior of a puly ia the Yeater

roes and ea the maschine,
ORIGIN AND DEVELOPNEET OF FRRINESS TESTINO

A survey of the develepneat of freemess testing gives & hiat
of the difficulties encountered in attempting teo messure the drsiasge
of water from steek. UOood diecussiocas of the dewvelopment of freeasss

testing are givea by Clark ()) and Grees (2).

In 1907 Klesma (3) was gramted s German pateat for the first
sediseatstion fester, This device is essentially a greduated glaes
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P
tabe covered by & vire screen oa one ead snd & quick openisg csp, The T
volume occcupied by the completely drained fidere i¢ used to indicate
the degree of beating. Klemm thus takes sdvantage of the faet that

boaten fiders form a mere compast sheet then undeatea fibers,

Skarc (X) poiated sut the dicedvamtages of the Klsam tester,
Ko stated that the tastrument werke Beet e free stoeks Wt is of doudt-
ful value en slov stecks, A slev stesk, it was pointed cut, has & very
leag drainnge time, smd forms & meniecus st the surface, meking it dif-
fieuwld to read the volume, He then decorided Ris own instrument, vhioch
connlietn of a vertieal cylimder with a wire oloth aa the Yottea. The
outfloving water is discharged inte a graduste, The total wvolume eof
outflov is measured at defiaite time iatervals, Skark (%) later offered
8 recordiag mechanism to plet sutomstically the curve of diecharge velume

versus time for his apparatus,

In 1913, Sehepper (6) deseridVed a mev appsratus for determin-
ing the degree of beating. This instrument (peteated by Schopper aad
Riegler) has, as i8¢0 meet importaat pert, a cone wvith twve discharge
erifioces of different sige which are placed at differeat levels, The
meddea rush of weter vith free pulpe f{e discharged frem beth erifices,
whereas vith a slev pulp almost all of the water is discharged froa the
snsller, lower cne. Ia this wvay & neans was provided for separating
the vater which dreins rapidly from that vhich drsine more slovly,

The volume of the repidly dreined wvater is recorded ss a mumerical indi-

cation of the degree of beuting and the rate of dreainsnge,
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The same principle was used by Green (]) ia his original
tester vhich he has since modified several times. The primciple anmd
operstion have remained the same, although the dimensions and, hence,

the sosle of valuss have beem chaaged.

Ia 1915, the use of the Hullem tester as & freemsss tester
wvas suggested by Cyster (8). The diaphraga is removed, the glycerel
chanber filled with pulp, and the pressure required to drive the water
Shrough the pulp pad is determined,

Fishburn aad Veber (9) pubdlished & paper in 1916 deseriMag
a drsinege tester for groundweod pulp. The operation of this tester
enbodies measuring the time for the discharge of a given volume, A
tester similar to the Fishburn-Veber apparatus was descrided QQ) ia
1917, and, in the same year, Krese sad MeNmughtoz (11) preposed the use
of & homensde tester of the same type. They estated that the reliability
of the instrusent as an indieatiem of the beating trestment is exceed-
ingly questionable, Their study pointed cut the limitationes of this
type of tester, The maia limitatioa was felt by moet workers to de over-
gome by the iavention of the divided-fummel type tester. Thies ic¢ dest
expressed by Greea (12) in the folloving etatemeat;: °.... theam the
Sohopper-Riegler patent was pudlished, A very simple trick had beea
deviesd Dy these mea in Auvetria vhereby the slusive ead point of the
dreiaing test, vith vhich we have beea struggling, vas made definite

sad extremely delicate.®

Ia 1919, the Censdian Forest Produets Ladboratories undertook

the design of a standsrd freeness test, This group made a study of
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freensss testing sad ss a result adopted the Schopper-Riegler prinmeiple.
Aocording to Cameron (13), the cheirmaa of the committee in charge of
thie progres, it was decided that no other imstrumeant had suffieieat
adveatages over the adove typs vith which the industry was familier, The
Cansdian freeaess tester, wvhich was dasigned as & standard tester by this
creup, felloved the gemeral linee of the Oreen snd Schopper-Riegler
fastrunente, Beth the Green aad Canadian testers are designed $o0 give

a greater distinctien Petwoen vell bestea pulpe. A deseription of the

stendardised apparatus is givea by Comeren (14).

villiems (15) drought cut his first fresnses tester in 1920,
Taie i{nstrumeat wae dased on the divided-funnel principle., Iam 192%
¥illieas (16) dreught cut his "90-80 Sester® vhich was again of the seme
Sype but of slightly different censtructien. The inetrument wes again
modified in 1927 (1]) to give a larger reuge of values snd a bdetter die-
tinetion between pulps. V¥illisme, eince then, bas dDrought out & slowness
tester of the sedimentation or drainageo-time typs. Thias instrumeant, the
Villiams precisien tester, is descoribed by Davie (18).

Boekn (19) modified the Schopper-Riegler instrumeat by increas-
iag the tetsal volume, This was shewa t0 give the instrumeat & greater
seasitivity for very free stocks, Thus Boshm's modification of the
divided-funns]l type has deae for the higher range of freenesses vhet

Greea had already sccomplished for the more thoroughly beaten stoecks,

A different type freensss tester was iatroduced by Cempbell (20)

i 1927. This tester allows water 0 flow by gravity under a constand
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bead through a layer of pulp on a vire, The water duilds up to 2
definlte level above the pulp pad depending upen the resistance of the
pad to the flow of water through it, This iustrument was redeeigned

by Carpeater and Schefer (21) in wich & vay that the water level over
the pulp pad wvas kept constaat and the rate of flew through the pad wes
measured. Aa squatiea has bdeea werked cut te express the rate of varie-
tiem of flow, mmd constante of the equatien define the charseteriestios
of the puly.

The Paper Mskers' Assceiation of Oreat Britain aad Ireland
develeped & standard sheetmaking apperatus sad speeified a standard method
of sheet forming and strength testing. They also suggested a methed for
detornining freeness vith this inetrwment. Ascerdiag to Clark (22), the
uee of the British cheetmaking equipmeat for detéraiaing the time of
drainage of a pulp is acourete, and the resulte have beem fouad to be
aore in secerd with results on the paper machine than determinations oy
any othor nethod. Compdell (23) discussed the use of draiansge time oa
the British sheet machine as & freenesss measurement, ls later preposed
the determinatioea of a drainage factor by the wuse of the draianage time of
tve tost smmples of different weights, This fastor is detersined by
dividing the differenee of the times of drainage (for twe defiaitely
di fforend readings) by the differense in the weights of the samples,

The quetient expressed as seconds per grem is far less affected dy the

loss of fines thaa the straight dreinage time., Thie method is alse ox-
plained by Saakey (24), who urged the adeptien of the British methods.

The determination of drainage time and drainage faotor has mow beea
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tentatively accepted as a TAPPl stasandard as an sddeada %o the sheet

sakiag standard procedures,

Gartshore (29) claimed that the freemess test dooe nod iadicste
renning ecenditions on the paper machine, s preposed a tester embodying
e moction of 5 am, of mereury sating bencath the vire, His instruaent
gives & vetnens figure utM ae the time interval from the beginning
of drsinage to the &isappearance of water $hrough the pad, Campbell (26)
eriticiged the method, in that 14 duplieates the offeet of suction Loxes
rather thaa the draimage prior to thies point, He stoted that the drainage
tent 29 run en the British sheet machine with 3 cm., of mereury vacuum ig¢
fairly cosparedle vith the OGartshore test, HNowvever, this objection 1s in
direet coatredictica o his article (27) ia wvhick he considers the forces
exeried by the machine %o cause watey removal. Ia this arsiocle Campbell
caloulated sa sffective sustion of sdeut 20 cm, of watsr meting through
She virs and effectiag dreinage Yefore the suetien dexes are resched.

Besides the sbeve-nentisaed testers there are seversl designs
of imstrunents for the estimatien of the degree of buu-u in the beater
room, There ars also seversl deviges for sutomatic freeness recording,
Naay wvorkers have exprecsed freeness in terme of pulp coastaats of oane
sort or amother, waieh they have derived through a mathematical treat-

aent of some Yype.

The dreaiasge-type tester {¢ generally cemgeded to de, exclud-
ing the humaa error ia determining the ead point, the more reliable tester,

The divided-funnel ${ype tester in considered to be more coavenient and
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faster to eperate, although it 1e, &t dest, evea more empirical thaa

the drainage type. Nowever, its propoments state that it hae a wvider
rangs of semsitivity and a definite uand sharp ead point. Orees (2)
pointed cut that the dreinage testors have a lisited rangs of seneitivity
vitheut changing testiag oconditieans. HNe, hewever, admitted that the
divided-fuanel Aype could de improved for very free or very slcw pulps
W 8 alight medification of testing conditions. The divided-funael type
toster 19 falt to Yo a standardised form which vill allev differeat
laderastories %o duplicate resmlts. Camphell (23) peiated out, and meay
others ia the field agres, that the Britich sheet meehine drainage time
is more aearly ia seeerd vith érsiasge ea the paper machine than any
other tester, The pressure ssusing drsisage oca the machiae (produced
ehiefly by the suction effeet of the table rolle) is more nearly dupliested
By the Britich sheet machine thas by any of the freeaess testers.

Both types of testere are felt to have errors wvhieh csuse
deviation ia resulés froa actenl machine Sehsvier. 7The followiag devia-
tiens from mechine camditiome hawe been mentiocaed: high head, passage
of fines through the vire (the amount of fines passed through the wire
is iasuffieiont viea the head-bex stoek is belag tested, 2ad is too large
if jordan stock 1s Velag tested; Jordam stock is eusentially the seme ia
composition as the finished paper, vhereses bsad-bex stoack ceatains alee
the fine material which passee through the vire on the mschine and i
added ia the white water), asccuniformity of the suspensien comcentrasion
(flosting and settling of etock), compression head abeve the pulp ped,

absencs of suotion bemeath the vire, long period of dreiansge, coneistency
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4% the end point far delov that of draimed stock on the machine, and the
resi stance to drainege and flow offered By the iastrument iteelf, One
feult found wvith freeamess tectiing ia generel has been the inversion of
results between two types of testers. A pulp mey appear to be freer
then eacther on otie tester and slover oa & second tester, Comperative
charts of the readings at differeat stock conditions ea the differeat
testers have besn made, but their value is pertinlly loet becsuse of thie

charasteristic of the various instrumeasts.

VARJABLES AFFEOTING DEAINAGE

There are a great mumber of variadles vhich sffect the rate of
dreinage of water from fibers felting on a wire., HNany of these have been
iavestignted or at leset recognised. These variables are mest readily
clasesed ss maehine or sxperimentsl variabdlee and se stock or furaish
varisbles., The former class insludes sush fasetors as temperature, head
above the wire, consistency, sheet wveight, vire sige, effective suctien
pressure--thue, mschiae speed, mumber snd size of table rolls, sise of
the breast roll, and the relative positieon of the sprem aand the breast
7¢ll--, the shake of the machine, the head sbove the slice, the amouant
of fines passed through the vire, sad the amount of reuse of white water,
The furaish variables include the following: degree and character of
refining, fider sise distributiea regarding lemgih and width, fibrilla-
tion, wet flexidility of the fiders, wvet compressidility of the pulp ped,
distribution of fimes, $ime of stending of the stoek, the "hydretion’ of
the stock, and the effect of edded materials such as electrolytes, fillere,

rosin, starek, ofe,
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Operational Variablee

The effset of tempersture on freeness and drainage has bdeen the
mbject of BaRy studien, Almost 2ll iavestiguiors have agreed that free-
aees varies viﬂh tesperatusre ia & msnner almost entirely accouated for by
the cheage ia viseosity of the suspending medium, Davis (2£) Ras showa
that the ohaage of freemess vwith tempersture is ehiefly due to the vie-
seosity ahange, although he feele the ehriakege of fiders vwith heat hao o
slight effest. Saith (29) had advenced this theery as esrly es 1919. ke
believed that the fider volume ¢ decressed by heat and the ocapillary open-
inge are thus ealarged., Freensse velues thus shov an increase vith tes-

perature elightly greater than thet dus to viecosity changes alens,

Reuse of vhite water is discussed by Prewn (J0). He showed that
the decrease in freenees mnay be coused By the fleur in the white water and
stated that, en the machine, this is pertially offset because of the free-
aess ineresss dus to the increased tempersture Shreugh the reuse of vhite

water,

Campbell (31) has pointed out ths genersl effect of heed on
drainage, Ne stated thas the property of pulp measured by a freeness test
ta 1%s resistance %0 the flev of water, This property varies with the
pressure emusing the flov and vith the time luriag vhich the pressure s
operating. Bush wveriation of thies property, he stated (¢ %e indicative
of the charagter of the pulp.

It is kmowvn Shat the table rells of the Fourdrister machise

esuse en effective sueotien pressure acting under the wire. Thus, the head
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ceusing 4rainage consists not only of the head ebove the wire but slse
of the effective mction acting on the under side of the wvire,

Consistency and sheet weight are knowa to e ismportaat fecters
in the dreinage of vater from pulp. VYorm and Davie (32) have showa that
the drainage time ea the ¥Willisas precisiea (dvainage type) tester varies
1inearly vith the sheet weight. Investigatiens have VYeea made alse of
the offeet of weight en freensss ae neasured by the divided-fusnel Sype
testere, UNemegraphie charts have Yoen prepared sad are svailadle for

the offeet of sheet weight variatiess ea all testers. Samkey (24) ead
Campbell (23) heve peinted cut thet the effect of sheet weight oa the

3ritish sheet mechine drainage time 1e¢ not propertional o the weight,

although the relation is linear., The drainsage $inme has bdeen shova to be
proportionsl to the sheet weight nimne & constant, This has Veea attrid-
uted to the faot that capillary flov does not start uatil s closed fider

nesh {ie forsed,

T™e seeh eise of the vire used oa the paper sschine i¢ knowan
to have & decided effect en the rate of drainags, Specht (31) has shown
that the amouat of epen area en %he vire ea the paper mschine we not ae
iapertaat ia regerd te drainege 2e the sise and mwmber of the opeaiags.
In an iavestigatien of differeat wires iz » Sehopper-Riegler tseter he
feund that the eonstrustion of the vire plays a relatively greater part
fa the initial flowv thaa i¢ does in the final freemess, vhioh is believed
to be & funetion of the stacks used., Hovever, en the sachine, the pasesge
of a large emount of fines Shrough the vire exaggerates the offect of

vire sise,



Furniech Varisbles

The ocomdition of the furmish or of the fidrous suspensioa as
18 goes to the freemess tester or to the hesdbox on the paper machine
is the most important cemsideratioa iz the rate of draimasge of water
from the suspeasion. The degree to whiech the fibers are eut, fidrillated,
and hydrated determines, in a msjor part, the dreinage charscteristies of
the pulp. Cersaiam properties which are the result of the deating operstiea
are alse fimportant, Amoang thess are the sefa potential of the pulp and,
hence, the presence of added materisls, the fimes distribution of the pulp,
the flexidility of the fibers, and the eompressibdilisy of the pulp pad,
The amount of short filbrous materisl in the originsl pulp sand the percea-
tags of easily shortened or essily hydrated fiders are also very importeat.
This meane that the resistanse of the originzal pulp or of any fractioa of
1t to physical treatment during stock preperatioa is of great importance

in the behavier aad drainage charecteristies of the pulp after treectment,

¥ider dimensions and distributions are generally considered to
be & prime consideration in dreinage bDehavior., Bachmen (W) etated that
freensse deals with filver leagth chiefly. He weat so far as to say that
freenses has nothing Vo de vith dreinage on the madchine, Aeccordiang to
Brova (J]), slowaese incresses as fiber leagth decressss, Wt from s
pepermaking standpoiat fider length has a negligidle effect on drainage
rate, All early work on this sudbject was carried out om fractions ef
different fider length vhich were obdtained by fresotionation of a pulp
in equipment similar to the Bauer-lclett classifier. Brown, in his work,

produced short fiders from long fibers separated by classificetion of
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the original pulp, Ia thie way, the effeet of the differemnt chemical
snd phyeical properties of the shorter fibered materiasl preeent in the
originel pulp ie eliminated as a variable, However, Browa steated thet
the amount of short fibroue meterial and the perceatage of essily short-
ensd or hydrated fibers in the originasl pulp are still of importance in
dreinage charscteristics. (uild sad Mills (36) stated that the fider
longth hne 1iStle effect on drainage except for the fine flour which

cloge the vire,

The importsace of the flexibility of the fiders or of the com-
preesidility of the pulp pad vhich, for prectical purposes, are synoayus,
bas been pointed cut by Campbell (37). KNe determined s constant--a
mumerical terx indicative of mpeocific restetance of the pulp--which he
felt to be indicative of the drainage characterietics. The ratio of
these constants, as determined oa dwo differeat testere, he called
“relative compreseidility” and coneidersd it to be a measure of pulp
quality. He later (31) shaved that the specific resistence of a pulp

varies with pressure sad with the time during which the presesure is

applied,

For ysars the hydrstiea of pulp on mechasniea]l treatment has
Yeen & sudject of discuseion, Vhether thie phenomemon ie chemicsl or
physiesl, there is mo doudt but that bdoth fibrillation snd chemiesl
hydratien tend %0 incresse greatly the drainege time of a pulp., The

general subject of hydration is diecussed in a separate seotion.

Elegtrokinetic phenomens are of decided importance {n aay
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study of freensss or draiaage, According to Stemm, (38), Kemsmurs sad
othere have shown that the geta poteatial of s pulp imeresses on deanting
or refining, The poteatial fe felt tc contrel the effect of the addi-
tion of ions, sige, fillers, ete., t0 a pulp furnish, Ia fast, Yorstea
(39) velieved the effeet of pi (ebesrved 2y many workers) te be a fusction
of positive foa conceatration and of the valence of these iens rsther thea
of pil alene. Adsme, Simmonds, snd Baird (R0), smeng othere, heve cea-
curred with his views,

RYDRATION ARD REFVINING

The nature ¢f hydratien in the papermakiag sense, 8e¢ ceanected
with the refiafiag of stoak, is little understood. 1I¢ 1is felt that refin-
ing sction wpea the fiders takes three courees: fider cutting, fivril-
latien, aad actual hydratien. Ia this discuscsion, however, the term
"aydration,” unless othervi ese spesified, will bde recerved to desoride the
agtien oecurring wvhea processing a pulp ia a bester or some eimilar

seahanical device for the refiaing of pulp.

Rsay theeries bhave been advanced concerning the sature of
hydretion, These theories caa be claseified inte three greups: chemieal,
phyeicsl, and phyeico~chemical, Rvideanse frem time %o time has givea
surrent preferease first to oms theory sad thea to another, The trwe
selutien vill predbably embedy a combiastion and modification ef all three,
Excellent summariss of the work carried out in thie field, as well as
cemplete bibliographies oa the subject are available, including these Wy
Bialkowveky (41), Bell (M2), Simmonds (L3), Cempdell (4M), ead Strechsa (43).
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Early iavestigators considered that a chemicel change ocecurred
on beating, with the formatioa of a gelatiacus cellulese hydrate compound,
whiek asts as & m2usilage, This compound is thought to camse the gressy
fesl, the slovasss of the stock, and the subseguent beanding of deaten
fiders, Others postulated the fermation ef an inesoludle hydrelytic de-
composition product. Hewever, chemicsl amslyuic shove ae appareat change
in alpha-, beta-, snd gesma-cellulese conteats Curing beating. Oa the
other hand, 14 hes dYeen shown that the addition or presence of lov
nolscular veight celluleses facilitates beatiang actien. Kress and
Bialkowsky (46) have found thet cellulose must swell ia the medium used
for beating if etreagth and hydration are to be odtained. lov molecular
veight celluleses may thus socelerste the swolling of fiders rsther thaa

catalyse the actusl beating sotioa.

Strachan is the foremos$ expeneat of the physiesl theory of
hydratioa, This theery disregards say used for a chemical subetance to
explain hydration but atiributes the hydrating sction to the iatertvin-
ing snd bonding of the smell fibrile formed by the bYeating proeess. The
bonding is precumed to Ve dus to the forees of echesion betweea colloidal
surfages, This seheeive foree is increased as the fila of wvater betveen
the fidvers deeresses and the celluloee wurfagses come closer together,

The physical theory emphasizes the structural changes of the fider vhich

take plase on beating.

T™he physico-chemical theory is a compromise view proposed by
Campbell, which combines the fidrillation tsheory of the physical coneept

vith the formation of a hydrated layer of dellulose ia contast with
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vater, Thus, the attrection of the fibers in vater suspeasion for
each other is thought to be lessened due to thie hydrated cellulese
layer, Under these oonditions, water ¢an mors resdily eater the struc-
tureal lattioce ead cause swelling. DBeatiag disrupts the structure evea

further snd also frays and orushes the fibrile,
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PRESENTATIOE OF DATA

DEVELOPHENT OF APPARATUS

A great number of freeasss studies have VYeen carried out
sltheugh, slmost vithout exeeption, they have been made with instru-
sentes oa which the drainsge of vater from fiders varies decidedly frea
drainage en the peper mechins, Therefers, these iavestigstions have
net beon conceraed vith drainnge as {$ oocurs oa the Yeurdrinier wire
ut rather vith draineage as seasured Wy the particular instrument used,
For practicsl purpeses freeasss should be defined as that property of a
pulp vhich determinss the rate of drainage of water from this pulp ea
the vire of a Tourdriaier paper machine. Ia order to carry cut a study
of such a preperty, aa iastrument wvas demanded which would more slosely
simulate the drainage oa the paper aschine.

The operstiag conditions of existing freeness testers differ
frem actusl conditiens ea the paper mechine in the following vaye: a
high pressure hesd above the vire; adbesence of a suction leg denesth the
vire; a leag tize of dreinage; a possible settliag or floating of stock
end hense & nonuniform suspemsion; & lov initiasl comsietensy; a lov
consistenoy at the end poiat: & high sheet weight: ia the smount of fine
material passed through the vire; ead ia the resietance of the i{nstrumeat
1tself to dreinage, An instrumeat was deeigned which corrects these
feults aad more closely spproximmtes the conditiene of drainage oa the

paper machine,



Instrument Design

Three importsa$ requirements hed %o be coneidered i{n the
dosign of tq‘e. instroment: The factors sffesting dreinage must be variabdle.
The time of \dmnm sust de accurately msasuradle. The testing conditions
sust approxiaate mashize cenditione as elosely as possidle, A variation
of the 4ifferent factors is neeesesary te permit & study of the effest of
these faoters, aad the sslected definition of freeness must bs satisfied

te make the study at all veluadle,

The uee of a lew head adeve the vire, & lev sheet weight, and &
suction bead under the wire ascessarily mesas & very short time of dratnage,
Thus, the valus of Shis {astrumeat depends on aa ascurste msasurement of
this time, This has bdeen scocomplished through photoelectris means, A
besm of psrallelised light is reflested froa the suspension surface, Then
a photoelectiric measuremsnt of the sudden decrease in specularly reflected
light or of the sharp inerease in diffusely reflected light as the pulp
ped goen "dry" serves to sutommtieally time the drasinage, A discussion
of the instrument design falle naturally iate three sectieas: (1) the
desiga of s drainage instrament vith & lov resistance %0 dreinage and with
e variable suastien pressure astiag under the vire; (2) the design of sa
optical system %e measure the time of draisage photeelesiriocelly under
testing conditione which duplicate machine cenditions; sad (3) the deeign
of sm elegtirical sysiem to record autometically the short time of drainage

under theee conditions,

Drainsge Instrument Desiga. A schematic sketch of the dreinage

instrument is givea ig Tigure 1, As can be seen in this sketeh, the body
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of the instrumeat {s made up of & oylinder oclosed a2t the dottom amd
attached by an samular ring to a shorter inmer cylinder at the tep.
¥ater seals the lowver end of the imaer cylinder and forme an airtight
chambder. 4 vire mounted on a remcvable aanulus covers the top of the
inser oylinder, The cylindricel upper section, which is removable %o
allovw the wire %0 be clesaned, s plaged above the vire acrose the inner
eylinder, A mereury seal prevents leakage of the stock suspemeion

setwveen the upper aad lewver sections.

A pleten, adjueted to the deneity of wvater and, hence, dehav-
ing dynsmicslly se 8 volume of water equal to its owa volume, fite
ineide the imner cylinder, Alir pressure, applied in the outer oyliader,
forces the plieten to meve with ths columm of weter up the imner oylinder
and to form a esal sgainst the sanmular rubder gasket direatly under the
vire, A elight exvess pressure is applied to offeet the head caused dy
the stock wvhich 1s %0 be added o the upper section, The pistonm prevente
the stock mixture from diffusing through the vire aad mixing vith the

vater below, and aleo emsures streamline flov after drainage has started.

¥ith the pieton ia position, the sample ie¢ plaged in the upper
section aad diluted te the correct head above the vire, Ae the air out-
let valve i{s opened and the air pressure relessed, the vater leg beneetd
the wire imcediately decomes a suction leg acting on the uader side of
the vire, The stock suspension above the wvire scte ae & positive head,
The sum of the two or the composite head fe¢ opposed by the resistance

of the pulp to drainage of water through it, snd by the imertial force,
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All the instrumeatal variasbles csa be readily chsnged, The
pressure head, ssmple wight, snd tempersture are eesily adjusted, The
wvirees are detachabdle and cen be {anterchanged. The suction heed can de

varied simply by changing the vater level in the ocuter cylinder,

With this design it {¢ poseidle to mske three importent
observations: (1) time of dralnage; (2) water retzined dy the pulp
after free drsinage is complete; and (3) the smcunt of fider passed

throagh the wire,

The {astrument was nede ontirely of bress, The varieus partse
of she instrumeat were mamchined eseparately and scsembled by gectiocnas.

These sections will be discussed individuslly.

Figure 2 illustretes the cuter shell sectioa of the inetru-
nent, The cylinder is a 10-inch length of 10-inah pipe vhich wes soldered
on %0 & 12 by 12-iach plate of ocme-quarter inch drase, Four adjustable
lege of cae-half imch steel wore ecrewed into the corners of the plate.
Aa samular ring of ons-quarter inch brases was sorewed and thea soldered
to the upper edge of the cylinder, The wverious valves aad gages were
added te thie sectien after the instrument was assemdled, A wvater drain
eock was set iato the bottem plate, The other valves and geges vere
plaged in the upper aamular ring. Vith the exceptiocn of the air ocutlet

valve, ene~quarter inch vipe and fittinge were ueed for theese valves and

ssges.

The weter inled velve and the level gage vere combined as

showa in Figure 2. A aipple snd » right angle elbov were placed in the
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smmular ring asd alse ia the side of the cylinder below the imner eyliader
level, The upper elbov wvas cvnnected by a mipple %o a T fittiang, The
glass sight, tuh was dropped through the T into the elbow below zad made
fast with u\m‘. The water inlet valve was eorewed into the upper
side of the T fitting. The air pressure mencmetor gege was fastened with
1litherge inte a right sagle elhov, DBeth the level gage and the air pres-
sure gage were fitted with raled daskboards., The atir ialet velve wae

also screvwed ifato the wupper ammular riag.

The air ocutlet valve represented a serious probles ia design.
Thie velve had %o epen and exbaust the eutrapped sir ia less thes 0,01
of o seocond 4o attain the desired accursey. A spring-sctusted plste
velve was selected as mest suitable for the regquirements, Two empirieal
foraulas wvere used to caloulate the arca of the opesing required $o exhsust
in the dosired $ime the marxisum possidle volume of air caueing & positive
pressure, A ome eguare inch epeaing was concluded to bs mere than suf-

fiotent,

Aa epening Swo imches long by one-half iach vide wee cut in
the upper annulue aad & flat Wress plate cus to cover this. Theee two
pleces of the valve were ground Segether vith emery pewder. %vo guides
were placed o8 either eside of the valve and two lesaf springs cerried from
these to the cover iam order thal a tight eesl e formed with the ofl

lubriceat.

A platform at the level of the valve wes mounted on the eide

of the outer shell., A serev e¢ye was mouated in the dack side of the
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valve cover and attsched by a spring te & post at the ocuter edge of the
platform. The valve cever was held in ths e¢losed position ageinst the
spring pressure by a bress rod passed Shrough a hole in the platform end
Shrough the sye ia the valve eover, VYhea this red ie wwaoved, the valve
opeas and drsinage starts., Two poste were placed at the beack of the

platfeorn to catch the wvalve cover as {{ opemed.

Vhea the wvalve is completely opes, 1% closee a switch which
startes the timers. The time of opeaing of the valve wae messured by an
sleetric timer and found %0 % less than one 0.01 essecond. Stace She oir
takes 0,01 of a second or lese %0 eshsuet, the valve epene ia lese than
this time, and the timing of drainage Vbegine after the valve is coapletely

opea, the over-asll errer ie less tham 0,01 secend.

Figare 3 shovs the design ef the center sectioa, cemposed of a
T=iach length of standard 5-ineh pipe, whose ianer dismeter was inoreased
%y 0,2 of an inch, This pipe wes screwed iate a standard 5-iach drees
flange, vhich wee machined se indicated. The deep slot formed the mercury
seal for the wpper section; the ehellov cut held the one-eighth inch
rudber gasket vhich wae hoeld {a i%s pasition by a bBress eanuius sorewed
to the flsnge., The entirs esenter sectien was sorewed together and then
soldered to the sumulus of the suter sectica. The assendled sestions

were fested for lesks and the instrument was made airtight,

Ae {s indicated, the wire wae scldered on & remevadls brasse
samular ring vhich lies oa the rubber grsket and 1o eentered by tae
agsnulus vhich fiwxed that gasket in plaee, Seversl differeat mesh vires

were sounted on sanular riage vhich are iaterchaageadle,
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The float section fitted inside the eylinder snd was made of
sheet copper wvith a top of brass plate, It wae dalanced by a drase
counterwveight at the dottom., Additionsl weights %o adjust its density
were added to the float, In order to remove the float after the instru-
ment vas assembdled, the anmulus holding the rudder gasket in position

hed to be unscrewed and the rubber gacsket removed.

The upper section is illustrated ia Figure 4. This consisted
of & lU-inch plece of 5-inch pipe sarewed into & flange which had been
cut &s shown, A plece of f-inch drass pipe was swveected on to the outside
edge of the machined flange. The prosruding edge of this pipe dinped
into the mercury seal in the deep slot of the genter section. Two
handles were attached to the upper section to aseist in removing it
from the instrument., 7This section is held merely by ite own weight on

the center section after the wire is in place, It is centered by the

slot of the mercury sesl,

Optical Design. The optical system, which was made in & unit

to preveat any need of refocusimg, is illustrated in Migure 5, The
suspensioa is {lluminsted by & parsllelized light bdeam at right angles
to the surface, The light from a comcentrated filaments, clear-glaes,
100-watt duld is passed through a condensing lens, through a piece of
plase glase at U5 degrees to the beam, and %0 the surface. As long ae
e wvater surface is preseat, the light is specularly reflected, but wvhen
the pulp fidbers begen to go "dryf a diffuse reflection is obtained.

Tvo methods of determining the emd point are possible. The nhotocell

housing can be used interchangeabdly in two positions depending on whether
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the imcrease i{n diffusely reflected light or the deereesse in specularly

reflected light is used to detect the formstiea of a dry sheet.

thé specularly refleeted 1ight is refleeted directly back
toward the light source and fe partially reflested off the glaes to
photecell position 1. Thus the phetocell ia positien 1 "sees" the
sudden drep in specular reflection as the fiders dreak through the water
sarfaes, Ia positien 2, the photoaell "seee" the ingrease iz diffuse
vefleation ss the pulp pad forme, In doth positions the reflected light
is focused by 2 lems on to the photocell, 1In poeition 2, there was an
iris diaphragm Wuilt {ato the iastrument to allow adjustmemt of the smount

of light impinging on the photossll.

Elegtrical Design, Several amplifier designs were construoted
and rejected defore one vae found which satisfied the demanda of the
instrament, The sccepted design is shown in Figure 6; the amplified
photocell curreat operates a double-$hrov relay ia the cuter circult

vhieh, in turn, actuates the electiriec timers,

Two eloetrio timers, made by the Standard Electirioc Time Compeay,
one vith az accuracy of 0.01 of a second and the other with a long totsl-
iging time, were conneeted %0 the poles ef a double-pele relay ia the
outer cireuis, In thie ecircuit thers was 2lso & microsviteh vhich vas
sttached to the under side of the pletfora of the air cutlet valve, The
actuating lever of the switch was plased fhrough 2 hole in the platfora
and the velve cover closed the switch at the memeat wvhen the valve opea-
i{ng was completely uncovered, Thue, when the valve was opened and drain-

age started, the circult was closed and the timers started sutomatically,
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Svitohes 1 end 3 oonmected the smplifier iteelf while evitch
2 centrolled & bucking current by which the smplified phetecurreat could
be adjusted to a definite valwe, It was found simpler, however, to adjust
the photocurrent level by the bizs voltage control, The double~throw
suitoh asross the poles of the double~throw microrelay was mecessary if
the same smplifier was to b used for the diffuse as well as the specular
ond poins, If photeocell pesitica 2 were wsed, the cuter eircuit should
be closed vhsa the phetoocurreat was very lev and should bresk vhea the
smount of light reacking the photecell reashed a sertaia value, The
oppoeite is trus if the specularly reflested light ves seon by the nhoto-

cell,
1 t O 3 Po

Ag vae mentiened earlier, it was Roped to use this instrumeat
o investigate these factors: the time of dreinage of a pulp suepension,
the water retaimed by the pulp after dreinage, and the amonnt of fime
naterial passed threugh the vire, However, the measurement cf ocaly one
of these proved worthvhile, The amount of water retained in the pulp
after drainsge was complete, did not vary beyoand experimeatal errer with
the degree of beating or the type of pulp. The fines pessed by the
instrument were net sufficieat $o make thelr mssasuremsat prastical, 4
techaique, bowever, has deen developed Wy which the time of drainesge

can be agcursntely sessured,

¥ot oaly wae the amcunt of water left ian the pulp sheet after

drainage nesrly a constent value, regardless of the degres of beating,
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but aleo the applicstion of & positive pressure on the sheet resulted
in & nearly coasteat vater conteat, A device was arranged by vhich
sustion pressure was applied to the formed sheet, Ais i the other eases,

a0 appreciadle deviation in the fiaal water conteat was found detween

differeat samples.

Instrumentelly the apparatus allowed the duplicatiea of machine
conditions for all variadles dut ene: the passage of fines through the
vire, The head, sheet weight, suctien head, vire eise, temperature,
time of drainsge, coasisteasy, eto., san all be kept vithin the peper-
saking reage. The smount of fines paseed through the vire, hewever, wvees
found to be far belev machine ceaditions. The amount passed was oaly in
the order of Stwo per ceat or less for the most highly beaten shemical
palps sad less thea five per ceat for groundwood. If mechine chest
stock were being tested, it would be desirable te have & very slight
loes ia fines, beenuse this steak has slmost the seme composition as
the finished peper. Hevever, lwadbex stock centaine, in addition to the
fiders {n the fiaished paper, the fiae material vhich paeses threugh the
vire ea the nschine and i¢ returaed teo the headbex with the vhite water,

The predlem thea is to deteraine whether it is neeessary to
select conditioas vhioh duplicate the maghine conseraing the passage of
fines and %0 add this amount of fines to the sample before testiag, or
vhether it ie deet to select aconditiens which shov the lowest loss of
fines, Ia an attempt to answer this guestion, ssmples of white water,
headbox stock, Jorden stock, aad wet broke were obtained from a commercial
sachine rusaing 16-pound (17xz22--500) bend ever a [0-mesh wire at L]0 feet

per mimute,
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Prom the consistency of the headbox stock, the white water,
and the vet broke, the amount of fines goimg through the vire caa de
caloulated, Thie value wae found to be 22,1 per ceat. Headbox stock
wvas tested ueing & seriee of differeat sised vires on the instrument
until the same fises passage was obdtainsd. To equal the smount of fines
paesed by & T0-nesh vire oa the machine, & 20-mesh vire was necessary on
the tuﬁm‘. Furthormere, the nature of the fiaes puesed wvas entirely
different, Draiasge times wvere run om & ssaple of jordam stock to which
wvae added s knowm smount of fiver from the white water, and on another
sample %0 vhich was added the same smount of fiaes separated from heed-
box stock by the fnetrument, Ths drainage times vere ss follows!

TABLE I
EFFECY OF FIKES ON DRAINAGE

Draiasge Time
Semple see,
Jerdsm stoek 1,00 gram 0.29
dJerdsa stoek 0.80 grem
White water fines 0,70 grea 0.58
Jerdsma stock 0.80 grem
Iastruaent fines 0,20 gream 1.28

A microscopic examisation of the fines samples substantiated
theee data, The fimes edtained from the instrument appesred oaly slightly
shorter than ¥he wvhole headbox stock, whereas the fiders in the white
wvater wvere very short, The high fines loas through the relatively fine
vire of the machine and the difference in the nature of thees fines from

thoee odtained on the instrumeat can bde attributed to four possidle
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fagctors on the machinet the effect of the shake: the high euetion eom
the mechine: the dowvawerd veloelity due to the head Behind the slice: end
the vashing-out effeat of water carried deck to the under eide of the

vire by the table rolle,

The developaent of the techaique for testing took three paths,
Firet, the end point had to Ve selected; second, the eleatricel circuit
had teo bde medified te the point of greeatest censitivity: end third, the

actusl testiag techaique had to Ve developed.

As wae discusesd in the design of the optical esquipmeat, the
completion of drasiasge was Lndiceted by 2 sudden decreass in the specu-
larly reflested light from the suspensiea surfage or ¥y aa imcresse in
diffusely reflected light from the fider mat, Beth end points were used
for a great nuaber of different freenest eamples. The specular sad point,
wiich indicates t(he poin$ where fibers firet break shreugh the water sur-
face, snd the di{ffuse end peint, which indicates the formation of & dry
sheet, seemed to remain in a fixed proportion regsrdless of the degree

of bdeating.

The speculsr end peint appeared te have a bdetter accuracy over
the entire freensss rsange, although it gave peorer duplicatioa for very
slov pulps. The diffuse end point eeemed to have the same magnitude of
varistien for sll fresnesses, which msde the end point very unreliable
for free pulps, In addition, the change of the amount of specularly

reflected 1ight at the end point wes far less graduel thsa the cheange

in the &iffusely reflected light,
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Turthermers, it wvas showa thst the end poiant dased upon dif-
fuse reflection vas somewheat dependeat upcn ke adsorptiea and seatter-
ing autﬂa*ugu of the pulp tested, vhereas the specular end peiat was
neb, chnp of absorptioa csefficient and scattering occefficient
vith vavelength was used to show thie. Two pulpe were stwiioed, one of
vihioh showed a large variatioa of scattering ascefficient and enly »
small change of adserptien coefficieat vith wmvelength asd a second whieh
hed o large abserption coefficient change and a emall change in scatter-
iag coefficient, TFilters whieh passed oaly light of certsin waveleangth
bands wers placed ia the deam iacident on the pulp. 7Thus the scatter-
ing and sdsorption ceefficients verv effeotively changed, The time of
drainage as meagured by the ineresse {a the diffusely reflected light
changed coneidersdbly wvith $his treatasent, but the drainsge tise meagured
by the decresse in specularly refleeted light was not affeoted,

ginee the end poial which depeads upon the sudden decrease of
specularly reflected light is skharper, less dependent upoa the optical
properties of the pulp, sud more ascurate over the eatire raage, and since
there appears to Yo & fized retie bdetween the dreinage times dy the twe
aethode of determining the end point, the photesell will be wsed {n the
pesition 1n which ¢ *sees” the decrease in the speeularly reflected

11ght as the fidbers dreak through the water surfuce,

The eleoctricsl cireuit was modified in swoh a wvey as $0 in-
crease the sharpness of the end point and the reproducibility of the
method. To make an rllovance for the differenee in the reflectamce of

different semplees, it veas negesrary te adjust the emplifier to the eame
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final photocurrent value~~that iz, the difference in the reflectsnce of
the wet pulp pad was takea into escoount and 18 effect removed by the
smplifier adjustaent, The chenge of photocurrent with depth sbove the
wire can Yo assumed to have s curve similar to that sketched ia Pigure ].
The ssxizua curreat I wvas set by the saturatioa current of the amplifier,
As was dfscuseed sbove, the same I. wvas used for esch ssmple, Thus, %o
got the sharpest ead peiat, the point at which the relay operates should
Yo adJusted to the sharpest slope of the eurve, This was doae Dy adjuet-
ing the resistences in series and in persllel with the microrelay.

FIGURE 7
PHOTOCURREN?T vs, DEPTH

Photocurreat
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In order to estisfactorily operste the tester under the
conditions deesired, experimental techaique had te be developed which
wvould permit duplicete runs to accurately check each other, A small
sample weight, a low head, and & short time are all deeirsble but ell

tend to exaggerate any errors in experimental techaique,

A suell sample velight of about ons gram, egquivaleat to a
basis veight of 55 pounds (25xi0--500), was most deeirsble, Usiag a
ons-inch head adeve the wire, thes means a consistency of 0,286 per
cont. It appeared te be Aiffieult at first to odtain any degree of
repreducidility under Sheve conditiens. MNHowever, after several chesnges
i technique hed besa made, i3 appeared poseidle to obdtain good dupli-

cation of resul e,

1% wag found that if the pulp esaple wae made up to volume,
dispersed, sad thea added to the tester, the resultes showed less variztion
than {f the samples were dispereed in the inetrument, A volume of 350 ce,
fe equiveleat to = one-inch head above the wire, The vire itself was
buckled just encugh te¢ mske the peoelition of the wire in the tester of
decided importance, Furthermore, bubbles are easily trepved under the
wire, If thie heppens, the suotion leg can dreak snd the effeetive

tuction ie net et the deeired value,

To use the instrument at differeat temperstures, addition-
sl weighte are necesssry to make the density of the float equal te
that of water at these temperztures., Steadard number eight brass
veshers, veighing approxinately 0,64 grem, were used to sdjust its

density. The neceesary number of weshers are given in Tedle I, The
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relative change in weight with tempereture agrees with the deneity
change of water,

TABLE I1
FLOAT CALIBRATION

Temperature o, of
Q. Washers
10 23
15 22
oy 21
25 19 1/2
3 18
b 16
ko 1%
hs 11
50 s
55 k12

The instrumeat wvas calidrsted for the drainage tims of water
aloas with all wires from 50~ to S0-mesh; however, the vire sige had
1ittle effect, The draimage time was loagest for the finest wire aad
shorteat for the coarsest, ut the largeest chengs was oaly 0,03 second,
Table 11I shows the change of dreinsge time vith suetion pressure ead

vifd presesure head for & S50-mesh wire,
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TABLE 111l

VARIATION OF DRALNAGE TIME OF WATER WITH
SUCTION HREAD AND PRESSURE HEAD

50-mesh ¥ire
Suastion Irsinage Time ia Seaeads
Hend 4
ia, 1 1/2 1 2 3
1/2 0.15 o ——— ——— ——
1 0.14 0,18 - ———— R
2 0.13 0.16 0.2 0.2 0.36
3 0,12 0,14 0.19 0.8% 0.32
L} 0.12 0.1k 0.18 0.0 0.27
Zesting Procedure

The water ia ths teetor wvas sdjusted to the dseired temperature
and the deasity of the float teo the density of water st that temperature.
After the vire was plsesd in position, air pressure wae applied to faree
the piston tight againet the rudder greket, The water level was adjusted
s0 the finsl level in the cuter oylinder weuld give the desired moction
leg vhen drainage started, The water ia the upper seotiean wms removed
by suctien, during whieh care wae takea %¢ remove sll the air bubbdles
benoath the vire, Surfase tensien of the water prevented sir from going

beok agsia.

A semple coataiming 1.00 gram of fider (ovea-dry Waeis) wes
diluted to 350 oe, amd them diepersed., The opticel uait was swung inte
position, the cloaks moved %o rere, sad the light turned en. The ssmple

vas added and the atir-release valve opened, the clocks started, ead the



resding sutomstiocally given., Thie recding wvas disregarded ead the

saplifier adjusted to a photocurreat reading of 0.20 millismpere. The
opticel system ves thez swung aside, the apper esection teken off, and
the vire removed, clesned, snd replaced. The above procedure was then
repested snd this time She date were recorded, If & series of rums ¢
being made ea the same pulp, the photocurreat may be adjusted frem the

previous sample.

Using the sbove proeedure, good reproducibility eam be od-
tained., The dats of Tadle 1Y shew the order of reproducibility odtained
vith pulps varyiag frem very free to very slow stocks. Thess data wverse
collegted on & dleached suilffite pulp bVeaten in the 1 1/2-pound Valley

laborstory beater for the iadiceted times,

TABLE IV

ACCURACY OF DRAINAGE TIME DRETFRMINATION
Average of Ten Resdings

Beating Sehopper-Riegler Drainage Average deviatica
Time Freenese Time from the average
ain, ce, sec,

5 845 0.56 b5
10 810 0.70 3.6
30 T00 1.5 3.3
L) - W60 3.8 2.0
60 Jo% 1.77 1.k
90 Ll 26.% 1.7
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STUDY OF EXISTING YESTEAS

Numerous iaterseaversions of freensss scales for the differ-
ent testere have been made by other workers., These donvereion charts,
however, sre mot abeclute, Ia msay csses sa sotusl inversiea of re-
sulte for tvo pulps has been shova to ocour vith differeat testers,
That is, one pulp may sppear freer than another ia ons tester and yet
Bay eppear to de the slover pulp on & seecond tester, Furthermore, the
difference in the amount of fiase passed by the differeat testere tends
to throv some deudt ca the reliadilisy of converting from oae freensss

scale to anothey,

The commonly sesepted procedures for the differeant testers
wvere used ia thie study. The Schopper-Riegler instrument employed wvae
the model vith the sutosstic cene liftiag devigce. It ueee 1000 cc, of
stoek at 209 C, ceateining tve grams of pulp. 7The Canediasn stendard
snd the Greem Sester Voth use three grams of pulp in » liter at 20° €,
The three above testers sre of the divided-fumnel type. The volume of
free or rapidly drainiag water from the upper ocutlet is used ss a

nesgure of the rate of dreinage,

™he Villisms®Precision" tecter is, ia effsat, s gradusted
gless cylinder vith s vire mesh bottom. ‘“mter at 25° C, fe placed in
the tester until the level Lo at the lover mark., 4 liter of stock at
2%9 C, containing three grems of pulp is then added, the suspension
well mizxed, and the $ime for ocae liter to drain recorded as the slow-
ness, Drainege is affected by & small suction leg and care sust be

taken to avoid trapping air benseth the wire,
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Drainage time sad dreinsge focters were slso obtained on the

Britieh eheet mschine, using TAPP1 Standard T 205 m-WO,

The Inversion of Results Between Testers

Duriag this investigation, & mumber of examples of the {aversion
of resulte between testers were found. Tvo of these, fer groandvoosd and
valfite pulpe, sre compiled iz Table ¥V to illustrate the disagreement Ve~
tveen testers, Imversiea of results are not limited to these pulps but
wvore found also between fwo greandwood pulps, twe differeat eulfite pulpe,
e sulfite and a kreft pulp, etc. The sslected exsmples sre, hovever, more
striking, and thus better 1llustrets the izversion of resalts between

testers., The resulis are the average of three values,

Example 1 shows the iaversioam detween the different types of
testere, The groundwood pulp appesars consideradly slower thaa the eulfite
on the Schopper-Riegler, Cansdian, and Oreen {ype tosters Wut freer oa
the Willismn tSester and the British sheet machine., The date shown {n
example 2 findicate that this inversion does mot occur only detween testers
of the Schopper-Riegler type sad the drainsge type, Ia thie exsmple,
the sulfite pulp appesars to bde slightly freer than the groundvood on the
Schapper-Riegler instrument and somevhat eslowver oca the Oreem snd the
Cansdian stendard teeters, The Williasme and the sheet machine velues,
on the other hand, show the sulfite to ®e¢ a far elower pulp tham the

grouadwood,

Until the inversiom Detween instruwents of the divided fuanel

type (exsmple 2 sbove) was discovered, it was felt that the inversion



INVEHSION OF RESULTS BETVEEN TESTERS

'
{4
3

Freenees Tester

Bokepper-Riegler
Green
Coandian

Villiems

British sheet machine

Drainsge time

Dreinage factor

Schopper-Riegler
Greean
Canadian

Williame

Britieh shaset mechine

Drainage $ime

-l

TABLE ¥

Exsmple 1

Orowadvood
Pulp

22% oe.
%0 eo,
6% co.

Ug7 sea,

36 eec,
T4 seec./g.

Exsaple 2
265 ee.
86 ae,
T0 sc,
410 wee,

31 ees,

Sulfite
Fulp

285 oo,
59 eo.
T1 ec.

500 sec,

70 see.
630 sec./g.

ars ee.

53 oo.
68 cc.

539 sec.

70 see.
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ajght be merely a prodlem of {nstrumeatstion, However, vith this possi-
1lity removed, the inveresiea of resulies could be due to say of several
factors, The moet obviocus among theee {s the possibdility that the
drainage volume vs, time curve differs for different pulps. (i this
wore frue, it vould be poessidle that & pulp with a leng %otal drainage
time could have a very rapid drainsge at firet, thue resulting in s
higher freonsss by the divided-funnel method, Other factors which might
csuse the inversion of results inelude ths amount of finee passed by the
fastrement, the temperaturs of testing, the cenesistensy of the essaple,
the sample weight per area of vire, aad the head used sbove the wire,

Shape of the Dreimsge-Time Ourve. As was pointed out abeve,

the inversiea of results detween testers could be easily explained if
the curve of drsianmsge volume plotted against time differed vith differ-
ent pulps, If this should occour, a etudy of draimege should Ye & study
of the “““-- ourve rather tham of the total dreinege time. Therefore,
s thorowgh iavestigation vae mede of the shape of the drsinage volume

vp. time curve,

The ¥illians teester is & gradusted glass eylinder sad thus
can be readily ussd to ebtaia the curve of volume drained plotted ageinst
tine, Bleached malfite pulp wvas takea to the seme $0tal Williame drainsge
time by several differeat methode; pedble milling, beating in 2 sharp or
dull Valley 1 1/2-pound laborstory beater, and mizing vith groundweod
pulp. The time of dreinage for each 100 ecc, drained on the ¥illisme
tester vas reg¢orded for theee pulps, Motion picturee were sleo taken

of the drainage and the $ime of drainage at each volume checked ¥y that
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uesms, The eurvee of thy Jifferent pulpe were identiecal within experi-

montal error,

Curves were obteined in the same way for a mumber of differ-
eat types of pulp aad cempared vith beaten sulfite pulp at the same total
drainage time, Among theee tested wers greundwood (Both beaten and un-
beaten), krafs, overblesched sulfite, sulfite-groundweed comdinations,
sulfite fibers vhieh had deea shorteaed by hand cutting, ete., All gave
qurves of the sane shape ae that of a sulfits pulp vhieh had the eeme
total drainage time, Theee experiments cover the range from very free

to very slov stocke.

I$ was ocomeluded, therefore, that nefther the method of deat-
ing, the type or conditioa of the puln, nor the fiber lengih of the pulp
affeeted the curve of &rainmge volume vs. time., HNowever, Bachman (3k)
pointed cut that the draiasge volume ve, time curve em the Villiams
tester differed detvesn pulps, Hies data wvere sketohy and incemplete,
hovever, sand his work eould mot be duplicsted. Clark (1) pointed out
that Skark, ia some of the esarly work dome on freeness teetiang, had alee
indicated & difference in the chapc of this curve betweea pulps, Thie

differense Skark felt to be Gue to fiber length.

Sinse dats kad beea preseated which iadicated thet the drainage-
tine curve differed between pulps and the adbove data vere thought %0 have
disproved this, sa investigetion wae made of the factors which might have
csused a change in the curve, Temperature and ssmple weight, if warted,

asturelly affected the total dreinsge time, However, variatioa of
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either of these factors did not chsage the shepe of the drzi.age

velume ve, $ime curve from that ordimsrily obtained,

It vas found, hovever, that it wee & very simple mstter to
trap a bubble of sair Bemsath the vire of the teeter, Bince there is o
emall wastion leg affecting drsinege on the Villiame tester, the presease
of s air bubble beasath the vire cen eatirely cheange the shape of drein-
age ve, time curve, 4 dubdbdle trapped beneath the vire sometimes zllowe
the suction leg to dreak entirely and the water to draia from the instru-
send, Aa example of thage effects are shown graphicslly ia Figure &,
The same offeet was noted on ether camplees., The data sre given ia
Table VI, If a freer sample than that givea {n this study were measured
vith eair Srepped beneath the wire, 1t is easily seen that the shape of

the curves would b%e definitely different.

TABLE VI

EFTECT OF ENTRAPPED AIR OF DRAINAGE-TIME CURVE
Williame Tester

ee, No My Mr Suction Leg Brokea
Drefned Pubble Pubble at 700 ¢c. Drainage

200 L3 bb ¥.5

300 10,3 10,3 10,k

400 20 23 ' 23

%0 » 3 3

600 52 58 57

T00 16 87 88

800 104 126 135

900 LY 170 208

1000 183 22k 305
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Sinece the iavereion of the results between testers could be
ascounted for by a change of the very early portion of the drainage
ourve, this wae aleo {nvestigated. The first drainage from the pulp
could fill the come of the iave:tcd funmel gquickly and give, appareatly,
sore fres water, Motioa pictures were takea of the early portion of the
drainage curve oa the ¥illiass tester, fer samples vhich wers kmowa te
invert their relative freensss whea tested on differeat testere. We

differences in the chapes of the ocurves were found,

Fines Passed by the Inetrument. It wvas Shought that the amount

of finee passed By the diffareat testers through the vire might explain
the i{nversion of resulte. A sample of groundweod sad a sample of Yeaten
sulfite vhich were knowa te shew iaversion of their relative freenese
were tested omn all the freaness testers. The perceatage of the ssaple

passiag through the wire vas determinsd. The data are colleeted {n

Table VII,
TABLE Y1l
FINES PASSED BY THE INSTRUMENYS
Groundweod pulp Sulfite pulp

Pester Freeness rt;n Freeness ﬂ;n
Villiame 410 sec. 1.5 539 eec. 0.8
Sehopper-Riegler 265 ce. 1.6 2715 oc. 0.7
Canadian 70 ee. 1.8 68 ca. 0.6
Greea 56 cec. 1.5 53 ee., 0.6

British sheet mechine
drainage time 3 see. 6.7 70 seo. 0.8
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The change in the smount of fines passed Vhrough the wire ie
small i{n the ease of all teesters except the British cheot mold, The

emouat of fines do mot change encugh to account for the imversiea eof

results betweon testers, In the case of the British sheet mold the
relatively high fine loss vith greundvecd may partially account for the

very lov drainage $ime with this pulp.

£ Tost P th eront Testers.
The Sestiag procedures of the differeat testors differ in oaly thrse
major respects., These are the temperature of Sesting, the ssmple veight
per srea of wire, snd the lwed causing drsinage., Tedle V1II showe the

variatioa between thas testing comdition oa 4different testers.

TABLE VIIX
CO¥DITIONS OF TESTINQG
¥ire Sample Fatal
Maneter Area Voight Yolume Head

Tester em, sq.em, & &./8q.0m. ec, in,
Schopper-

Riegler 11.3 100 2 0.0200 1000 .92
Canadian 10.1 80 3 0.0582 1000 b, 91
Oreen 10.1 80 3 0.0%82 1000 k.91
Villiams 8.1 51.% b ) 0.037% 1200 9.16
Britieh 16.0 200 1.2 0,0060

The folleving tests were run on a groundwoed pulp and & sulfite
palp which showed freeness inversion bYetweea testere: all regular free-

nese testers, ¥illiams test at 20° end 25° C,, Williams teet at standard



-51-

welight per unit erea and at the weight per uanit area of the 3chopper-
Eiegler test, Williams test using total heed equal to Schopper-Riegler
test, Yilliame test under complete Schopper-Biegler conditions, ané
Schopper-firszlor test using the ssme wveight per umit aree as the Villiasms

procedure, The dats are tabulsted in Tabdle IX,

TABLE IX

EFFEOT OF VARYING TESTING CONDITIONS
OF INVERSION (OF FREENESS

Groundwood Sulfite
Tester Pulp Pualyp
Schopper-Riegler (s.-;n.) 263 eoc. 283 oc.
Oreen 82 ec. N eco.
Canedisn 64 cc, 69 ce.
Britteh 0 sec. 60 sec.
Villisme
Steadard ug3 sec. 512 seo.
20° C, 513 sec, 636 wnec.
§./8q.com. = 3.-R, 161 eec. 182 see.
Bead = 8.-R, 119 sec. 106 eec.
§.-R, conditions of head
and area)l deasity 18 sec, 70 sec,

3.-R,

Areal density equal to
that of Williame 107 ee. 130 eec.
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These data show the csuse of the inversion detween testeres.
Yeriastion of temperature and of wveight per area of wire dees not affect
the relative positions of the pulpe, VWhea the head in the Villiame
tester vas thncol to that of the Schopper-Riegler tester, howover, the
fresness 'll\‘.l took the same relative poeitiens they originslly had in
the Sechopper-Risgler tester., The inverstea of results thus appears te

be ommeed Uy the differemnt hesde uood in testing,

The hesd wvas systomatioslly varied om the Villiaams tester for

seaples of groundweed and eulfite pulpe., The times of drainage for the

two pulpe amd the ratio of the two are givem in Table X,

PABLE X
EYFEQT OF HEAD

Head Drainage Time in Williams Tester, seconds
ia, Greund wood Sulfite Ratie
9,18 162 178 1.10
.M 1%0 152 1.0
7.65 1% 122 0.91
6.88 13 9 0.88
6.12 93 an 0,87
535 73 62 0,85
4. 59 5 45 0.83
3.82 ) § n 0.76

Thue it ecsa be concluded that the inversion ia the reletive
fresnesses of two pulpe between different testers is due to the differeat

bebavior of the twe pulps under 4differeat hoads., This effeet may Ve
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ceused by the differemce in the degree that the two pulps are compressed
under different heade or by the differoence in the resietence of the first
portion of the fibver mat laid dowa to compression bececuse of the imereased

fiber-water frietion at the higher velocity of flew,

Since the same effect would be expested with an ineressed tetal
bead as with an inoressed pressure head, ths sustion head under the wire
vas veried in the laderatory instrument developsd fer this iavestigatien
sad the head sbeve the wvire was kept coastant, Two semples one grouad-
wood and one eulfite vhich showed inversioan of the relative freeness
valees, were teested in the drainsage Secter using differeat suotion legs
under the wire, Agide froa the suctioa head, vhieh was varied as showmn

in Tadle XI, the stendard Secsting procedure was used.

TABLE XI
EFFECT OF SUOTION ON IFNVERSION OF RRSULTS

Suctiea Head Dmm.%a._mm
Inches Oroundveod 111 te Ratio

2 9.27 9.06 1.02
3 6.8k 7.08 0.97
b 5. 24 6.17 0.8%
5 5.11 5.8 0.88

Here, again, the relstive freenesses iavert vith cheange of
head csusing drainage. Thue the two pulps shov what may bde thought

$o o a different degres of compreeeidility with pressure,

Sinoe thie veriation of compressibility with pressure is of

doeided importence, 2 estudy wes made to determins hov thie property
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change’ wvith refining, A dleac::d sulfite pulp was refined fn 21l the
availadle types of ladoratory refiners, A 1 1/2-pound Valley labdoratory
beater wae sharpened vith coarse grephite mized vith the pulp. Standard
boater runs wers made accordimg to lnstitute Method 403 en the sharpeaned
beater sad ox a norssl bYester. A standard pebble mill rua (Inetitute

" Methed %0h) vas made, The pulp wae also refined in the Morden Steckmaker

aad iz the lLampen mill,

The procedure fellowed for the Morden Stockmaker wee: 90 grame
of ®leached wulfite (oven-dry) in 2000 cc, of water were disintegrated ia
the British dleintegrater for 600 revolutions oa the counter, aad rinsed
into the cherging pen with 750 ec. of water; 1000 co, of waler vere then
placed in the Morden, and the charge added with 750 ¢o, of water., The
steck vas airoulated fer tvo mimutes from the time charging was sterted.
Thea the roter was lowered, the instrumeat run the desired $ime, and the

rotor lifted, The ssmple was thea collected from the sampling opeaing.

The following procedure was used for the Lampén =ill: kL0 greme
of even-dry pulp were sonked fer feur heurs in 2000 cc. of weter sad die-
integrated for 600 revolutions ea the csunter ia the British disinte-
grater, The pulp was then filtered, redispersed in 1000 cc, of water,
added to the nill, and beaten the desired tinme, Follewing beating, the
fiver wee dieintegreated in 2000 ce. total volume in the British disin-

tegrator for 7500 revolutione,

The effeet of these different methods of beating on the com-

preesidility of the pulp is givea in Tadble XII, Relative compressidility
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TABLE XI1
EFFRECT OF RRPINING TRTATMENT ON RILATIVE COMPRISSIBILITY

Time of Drainsge tiwe, seconds
Refining inch 2-1nak Relative

ain, Suction Head Suotion Head Compressibl 1Lty
Sharpened Valley Bester

0 0.27 0. X5 0,60

10 o.h8 o.78 0.62

25 1.02 .72 0.%9

s 3.ko 5.26 0.20

60 11,14 18,26 0.61

Normal Yalley Beater
0.25 0.u3 0.57

0
10 0.%0 o.&r 5.60
% 0.82 1.0 0.58
s 2,67 b, g 0.60
60 £.00 13.8h 0.58

Pebbdle Mill
10 0.0 0.66 0. 74
P 00“7 o- Tu 0063
5 0.51 0.80 0.
60 0.76 1.17 0.6%
m 1.12 1.95 0059
Morden Stockmsker

1/2 0.52 0. 0,66

,x 0,67 I.Iz 0.5%9
2 0,55 1.% 0.57
N 1.66 3.03 0.5%

Lampen Mi1l

1.37 0.

8 8%
"o
LH

S
S
o
222
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is a term selected 0 express the ratio of the drainage times obtained,

using six {nches and two inches suction pressure, respectively,

Theoe data indiceate the folleving cemclusions conceraing
relative gsompressibility: neither the degree nor the method of refining
have @& pronounced effect; the same furnieh, wvhether bdeaten with sharp er
dull tackle, will mearly equasl values: and eay difference is coused dy a

variatien in the pulp iteelf,

An investigation of the difference in relative compressibdility
betveen differsat Sypee of pulps wees therefore sade, Samples of kraft,
soda, groundwaod, snd sulfite pulps were beatem ia the laboratory Valley
bester, No particulsr beating procedure wae used, The draisage time st
the different suction heads were obtained and the relstive compreesei-

bi1lity caloulated., These dats are compiled in Table XIII,

TABLE XI1II
RELATIVE COMPRRSSIBILITY OF DIFFERENT PULFS

Dr:i‘n_n_p Time, seconds

%% 2-~1neh Reletive
Pulp Suction Head Suction Head Compreseidility
Kraft 3,94 5.55 o.n

Soda 5.81 11,62 0.%
Sulfl te 2.72 b, 38 0,62
Groundwvood 13,61 29,58 0.46

The relative compreessidility differs consideradly detween
palps, Thus the relative compreesidilisy of & pulp eeeme %o de dus to
the character of the originsl pulp rather than the physical refiaing

trestaent to vhich 1% has been subjected,
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Effeet of the laversion of Resulte Between Testers

The fact that the relative drainege time of different pulpe
chenges with head i¢ of utmost importence, There oaa be no universal
interconversion between the different freeness scales since, as hae deen
shown, the testers have differemt heads actiag to cause dreinage, lor
osa any of the exietiag testers de used $o0 prophesy the relative drainage
retes of different stocks upon the paper mschine. Although the totsl
head on the machine (ineluding Voth the head above the wire and the
effective sustioa head) 1s unkmown, £t Ls probably net the same as that
on any of the testers, Howvever, if the same furnish is used, aay of
the exteting testers vould be expected o give a relative measure of

the rute of draimage on the machine,

The existing testere acturlly give a relative measure of
freenees vhen freenese is defined in terme suited to that particuler
tester., DBut im the light of a definition of freeness as that preperty
of & pulp vhich centrols the drainage of water from s pulp suspeasion
oa the wire of a Yourdriaier paper machine, it is obviocus that the

testers leave much to be desired.

To got an absolute relative scele of dreainage time, it s
necessary, in the light of the foreguing dsts, to determine the drsinege
time under gonditiens of hesd equal to those of the peper msashine, Thise
means the use of su inetrument similar to the one develeped in this in-
veetigetion, Therefore, to obtain & relative measure of drainege on
the machine, the effective sustion acting under the wire maet be known,

Since 1% is conmsidered to vary vith mechine speed, mumber of table rolle,
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and the relative position of the aproa sad the slice, the determir~iticn
of the true reletive mechine drainage wvould de a difficult one, However,
if the effective suction in one condition of opersatioa emn be detersined,
the ues of shis suetion leg for all eperational conditions of the maehine
would give & much oloser approximstion to the true relation of the drain-
age bebaviors of the differeant stocke tham fe obtained on any exiesting

tester,

The effective suction pressure om & peper machiae was sctuslly
deternined on an experimental paper asehine, Two pulps of differeat
neture vere used wvhich vere known to have different relative compressi-
bilities. 7These pulpe wvere rua over the maghine at constant machine
speed, the same heedbox consistency, and the same basis weight, The
conelintency selected was one vhieh slloved the sheet $o go dry on the
vire bdefore the suction bexee, The dietance from the emd of the apren
to the dreak wvas measured aad from this aad the machine speed, the ef-

feative drainsge timses end the retio Vetween the two were caleculsted,

The drajinsge times of the two pulps wvere deterained at differ-
ent suttion pressures 20d the mMmtie bdetweea the twe pulps calculated.
The date of the mashine operation smd the instruneatal dats are givea

ia Tadle X1V,

The ehsnge of drainage ratio with head is showa in Figure 9,
Thie carve extrapolates $0 a draiasge ratie for the twe pulpe equal to
that obtained oa the mashine at a suetion head of about fourteen inches,

Thie effective suction head scting on the machine must de due to more



TAILE XXV

MACHINE DRAINAGFE TIME DRETTRNINATION

Nechine speed

Headbox consi atensy
Vhite water consistency
Percentage of fines
IHetonce to "dresk*

Effective drainage time

Laboratory Instrument--Drainage Time,

Sustioa Head
inches

2

3
b
5
6
7

Semple 1

84 £%,/nin.

0.665%
0.0k3%
6.5%
3.67 ft.
2.62 sec,

1.50 sec,
1.28 sec.
1,12 seo,
0,96 sec,
0.83 sec.

0.79 see,

Semple 2

8% £4./min,

0.660%
0.0h24
6.1%
7.58 f¢.
5.36 eeq.

sesconds

4,98 sec,
3.54 seo,
2.92 sec.
2.1k gec,
2,06 sec.

1.92 eec.

latio

2,04

J. 32
2.76
2.61
2,54
2.48
2,03
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A

then merely the true suction head, It undoubtedly ie slso affected by

the other mashine varisblas,

The duplication of the ratie of machine drainages dy the
instrument vas shown for some unbdesten sulfite pulp., The ratio of the
drainage tines on the machiae deterained ia the adove vay for a sample
treated vith loocust bean gun aad am uatreated sample wes 1,28 ia one
oase and 1.23 in a sesgond, On the instrumeat the ratios wvere 1,22 and
1.20, respectively. The ratie oa the instrument 4id not vary vith
suotien head Veyosd experisental error., This was expected decsuee the
cane stock wee used, Thue, the relative drainage time Detween two

pulpe chesks guite clesely on the aachine and on the instrumeat.
1) ver f 7 s o

Although 1% has been shewva that intercoaversien of freesess
scales are exaet caly for the palp used ia their determimation, Table XV
was prepared for bleached sulfite stock to indicate hev the drainage
timee detormined on the instrument developed during this investigation
gemperes vith the freeness and slowvasses valuee as determined on exiot-
ing testers, The releationship Betwesn the values obteined e oxisting
Sasters sad the laboratery inetrument for oas pulp is grephicslly illue-
trated ia Yigure 10, Sinee these relationshipe will mot Bold sbeolutely
for aay other pulp, only the actually measured points are included,
None have Veea epproximated from curves in order to give & complete chart

over the entire range, Al)l data listed are the sverage of three separate

determinations,



«§2-

TABLE XV

INTERCONVERSION OF FREENRSS SCALRS
Bleached Sulfite Pulp

Beating T4 imates
0 2 5 10

Tester

Schopper-Riegler, co.

Canadiaa, ce,

Gresa, oo,

Williame, sec.

Brittish,
Drainage time, wec.
Drainage facter,
see./g.

Laboretery inetru-
nent, eec,

Tester

Schepper-Hiegler, ec,

Cansdian, ec.

Greea, co,

Willieme, seo.

Britieh,
Dreinage time, eec,
Drainsge factor,
sec./g.

Lavoratory iastru-
neat, eeo,

Yester

Schopper-Riegler, ec,

delln. ee,

Ql'“l. ee,

Williame, sec,

Britieh,
Drainage Stime, sec,
Drainage fastor,
vee./g.

Laboratery instru-
nent, sec,

15
860 850 (11 810 118
BB OB R R
™ 580 580
14,8 16.1 18.5 3 b5
O 4.1 4,2 4,3 4.9
0.58 0.76 1.03 2,08 h,80
0.9 0. 48 0.57 0.66 0.81
Beating Time, minutes
20 25 X 35 %0
130 72k 100 505 h65
k70 uss 430 220 190
510 490 468 2% 186
65 5 m 164 187
5.7 6.8 6.9 11,9 15,4
5. 92 T.42 8.38 20.8 29,8
1.1% 1.28 1.1 2,62 3.28
Bea T nimnteq
&5 50 1 90
328 ns 292 175 120
120 102 98 33 b3
110 93 g7 1 18
328 ho 179 1042 1938
3.5 45,7 63.9 188 387
76.8 518 616 ——— ——
5.7 6.82 1.77 18,72 36,62
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The samples of beatea pulp were obtained by a standard beater
run (Imstitute Method 403) in the 1 1/2-pound Vslley laborstery bester,
The stendard testing procedures were used for all instruments, 4 sample
weight of one grem, 8 ome-inoh head sbove the vire, and s suctioa leg of

three inoches were used in the ladoretory fnetruseat,

As ocan be psen in Figure 10, the values obtained on the lad.
oratory instirumeat show a genersl prepertieanslity vith these edtained
on the éreinsge type testers. The Williams wvalues shovw slmost a streight-
lise relationship with the leVvoratory iastrumest, The dreinmage value oa
the British eheet mashine varies somevhiat from a straighi-lime fuanctioa
of the instrumeat drainage time, vhereas the dreinage factor has a very
peouliar relationeship %o instrumeat drainage. The more empiricel,
divided-funnel type testers, as vould be expected, gave values geaerally
prepertiensl %0 each other Wt these values had s defiaitely monpropor-

tional relation to determinations made sa the lsboratory instrumeat.

EFFEC? OF THR VAHIABLES OF DRAINAGK

The drainsge of wvater from fibers felting oo & wire {e sffected
by & grest maany variables, These drsinage variables divide themselves
readily iate two classee; machine or experimental variables, aad stock
or furaieh varisbles. The fermer claee includes such factore as ten-
persture, vire sige, head above the vire, effectivé muction hesd, con-
sistenoy, and the sheet weight., Among the stook variables are the degree
sad nature of refining, fider length, fider width, fidrillatien of the
fivers, distridution of fines, wet compressidility of the pulp pad, the

bydrstion (either chemiasl or colleidal) of the stock, and the effect
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of added material such as electrolytes, fillers, rosin, sterch, etec,

Cperational Yeriables

Head Causing Draimage. The effect of the head csusing drainage

has alresdy bGeen discuseed., It wvas showan that the ratio detween drainage
times ot different heads differe betveea pulps, and aleo that the ratioe
between tvo different hesde could be considered conetaat for say one pulp,

regardless of the Srenimeat given that pulp.

The head csusing drsinage includee Both the head above the vwire
and the suatien head Welow the wire. Tables IVI and XVII show the effect
of varietien of preseurs head smd euction heed, respectively, on the
ratio of the dreinmge times for & vary free snd & very slow pulp, The
eatire range of pulp freeness hae been covered and the same results are
showva throughout the dreinage $ime scale, The drajinage time measurements
refer to the laboratery instrumeat, A three-grem ssaple, ¢ temperature
of 20° C., and & 50-mech vire vere used, The head Yelow the vire was
kept at three faches for the dates expressed in Tadle XVI and a positive
head of twvo inches was used for the date in Tadle XVII., The date given
sre the aversge of five determinatiens, and drsinsge times are corrected

for the drainege time of plain water,

The date agrees visth thet shewvn previously. The effect of
Read, either preseure or esuction, on drainege time 1is mot sffected for

& givea pulp by the degree of beating,.
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TABLE XV1

EFFRCT OF PRESSURR HEAD

Pres Stock Zlow Steck
Pressure Drainage Percentsge Pressure Drainage Poercentage
Head Tine of S-imah Heed Tine of 2-imeh
in, sea, Reading in, sea, Readiag
1.0 0. M6 2% 1.0 63.1 n
1.5 1.00 57 1.8 118,1 59
2.0 1.76 100 2,0 201.6 100
2.5 2.43 139 2.9 269.3 134
3.0 3.10 176 3.0 356.4 178
TABLE XVII
EFFECT OF SUCTION HBAD
Tree sg& Slow 8t
Suetion Dreinege Perceatage Suetion Drainage Percentsge
Read Pime of }-{ash Head Time of 3-ineh
ia, sec, Rending in, s0c, Reading
2 2,07 121 2 236,0 119
3 1,70 100 b 199.3 100
b 1.% 88 ] 170.8 85
s 1.0 83 5 159.3 80
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Effeet of Tempersature. Table XVIII illuetrates the sffeet of

tenpersture on drainsge time, Ageinm oaly the dats for a free stock aand

a elov stock are imaluded, The seme effeet was obtained fer the eatire

saale of draimsge time, The caleulated dreinage time was e¢alculated

frem the 20° C. resding sad the proportioaal viscosity changs vith the

changs ia Seaperature, A three-gras sheet, two-inch pressure head,

50-nesh wire, and a threo-inch suction head werse used in this series of

doterninatione, The drainage time is not corrected for the drainsge

tine of water, bdecauese thet is also affected by viscosity.

PABLE XVIXX
EFFECT OF TEMPERATURE

Free Pulp Slev Pulp
Drainage Caloulated Ireinage Calenlated

Tenmp. Tine Time Temp. Time Time

o co [ -8 60, ° co 88Q, secC,

10 2.61 2,57 10 260,8 26h

15 2,28 2,25 15 220.4 230

20 1.98 1.98 20 203.1 203

2% 1.77 1.76 o] 182.6 180

0 1.63 1.57 30 160.3 161

3% 1.52 1.0 35 1487 145

The data iadicate that the change in drainage time due to &

change ia temperaturs can be considered, for all practicel urposes, pro-

portional to the chenge in the viscosity of water,
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iffect of Veight. The instrumeat developed for this investi-

g2tion iz not suited for a study of the effect of a variation in wveight
on drduxg,ﬁn. The end point is determined automatically whea the
sheet douw\"':dq.' 8ince the volume occupied by the fibere veries with
velight, the iastrument meaeures the drainage of a volume of water which,

therefore, would chamnge vith the weight of pulp used.

Studies of the effect of ssmple weight oa drsinage time wvere
ocarried out on bdoth the British sheet machine snd on the ¥Yilliame inetru-
ment. Theees dats sre given in Tables XIX end IX, amd are Lllustrated in
Figures 11 and 12, Two pulp samples vith different freonsse wers studied

for the British sheet machine pnd three for the Williasme.

TAHLE XIX
EFFECT OF WRIGHY ON BRITISH SHEET MACHINE DRAINAGE TINE

Veight semple lnnum Tine Welght mﬂ!‘gmnm:ﬁ-
& "’e, & sec,
0,2u2 k3 0.405 k.5
0.687 25 0.696 8.4
0.952 46 0.700 8.6
1.067 56 1.093 20.3
l.172 67 1.213 24,3
1.333 82 1.5 35.3
1. kol 9 1.687 h0,0

1.895 139



Time, Seconds

Sample

2 1

35 | 175
3 150
25 125
20. 100
15 . 75
10 50
5 25
[#] 0.

.FIGURE 11

~69=-

EFFECT OF WEIGHT ON
BRITISH DRAINAGE TIME

Semple 2

Sample 1

14000 1,500
Veight, Granms

2. 000

P
o7 y
P

S
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The curves for the effect of weight on the Britich sheet machine
seen $o be linear funetions of weight, Kovivcr. they sppear proportionsl
to the weight minus a constant rether tham to the weight aloane. The
streight lines extrepolete tc a value of one-half gram, This is in

sgreemeat to the data found by Seakey (2l), Campbell (23), and others,

TABLE XX
EFFECT OF VRIGHT ON THE VILLIANS DRAINAGE TIME

Veight qu% Time, seconds
Sample 1 ample 2 Ssmple }

e
0.6 - Wy 14
1.0 57 93 107
1.5 - 116 ———
1.78 -- -—- 262
2,0 107 ——- ——-
2.9 13k 198 378
3.0 162 25 501
3.5 183 298 547
4,0 22 328 638

¥ith the ¥illiasms teeter e linear function of drainage time
vith veight wvas slec obtained, The drainage time vae again proportionsl
to the weight mizmus a constant but in this case the constant was adout
one-eighth of a grem, Since the earea of the vires on the two testers
sre also ia & retic of four to one, the statement seems justified that
s certain thicknsss of pulp pad must be odtsined defore a capillary

effect sets in and en indication of the true drainegs through a fiber



Time, Seconds

-T1-

FIGURE 12

IFFECT OF WEIGHT ON
WILLIAMS DRAINAGE TIME

D0 1 2 3 4y
Veight, Granms
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met {s obtained, It appears thet this necesssry pad thickaees is equive-

leat to about 0.25 grea per 100 eq. om.

Effeet of Vire Sige. Four differeat wire meshes were used in

the instrument; %, 60, 70, and 80, Ia all esses the effect of varying
the vire used ia the instrumeat en the drainage time was very saell,

The smsuat of fines passed Yy the vires was ia all csses of the order of
one per ceat, aad ae appareat &ifference ia the amount of fines passed
vas evident Between the different vires, Um the paper mschime, the
effeot of the vire used would be of relatively greater importanas bdecsuse,
&9 was seen earlier, the ameunt of finew going through the wire on the

machine is far grester them oa say i{netrumeat,

[ 33 Yariahles

Tiber lLength. The sajority of the stulles which have been sade
of the effeect of fider length on drainsge have been rather unscientifie,
The different fider leagth samples have besn obtained by fractionetion of
the originsl pulp in an ftnatrument siatlar to the Bamer-Melett classifier,
Thus, the effeet of the different chemiosl and physical properties of
the different fider leagth fruotiems of the pulp, as vall as the effect

of the fidver length change fteelf, was evidenced ia the resulte,

Te aveid Shis, the original pulp vas classified by the regular

Bausr-Mollett precedure, sad the longest filers were sspareated, These
fivers vere sede into sheets on the Neble and Vood shest machine and
pressed $o 65 per ceant moisture ccotent. Thie moisture content wvas

seleeted beesues it is kmowva that no apprecimble fidver-to-fider bonding
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occurs vith more than 60 per ceat moisture still preseat in the sheet,

The sheete were aut om s outting board imte four different widthse: 1/16-
ineh, 3/16-inch, 1/U-inch, and 3/8-imch; ihe uncut esample was also studied,
These ssmples were dispersed with 2 slovly rotating “Lightain" etirrer.

In this way say fibrillation of the fider wes avoided,

The above prosedure was csrried cut oa twe samples of bleached
mlfite pulp, one of wvhich had been merely slushed for five mimutes ia
the 1 1/2-pound Valley laboratory beater and a second vhiah hed deea
beatea for sixty mimutes in the ladorutory bester sacording to the standawrd
prosedure, The dreinnge times sad freenesses were runm oa all the exist-
iag testers sad on the laderatery instrusent, (The stendard procedure
wvas used: l-grem sample, 20° C., l-imeh head sbove the vire, 3-inch
suction head, and §0-mesh wire., Because of the lov druinage time of the
unbeaten pulp, & esecond drainage test of thie pulp was aleo run using s
Righer sample veight (2.5 grame).) The average fider length was aleo
determined. Theee data are givea for doth the uabeaten sample and the

beaten sample in Table XXI,

The fiber lesagth deteorminstions vers made by a prejection nethod.
A ssmple of fider was dispersed by the addition of locust bean gum, The
image of the susponsien was projected at s known magaificatien on & sereen,
The length of eaeh of two hundred fivers was determined and the sverage

fiber length caleulated,

I8 is evident that average fider length per se has only & emall

effect upen drainage time, Drainage time i{ncresses with a deerease ia
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TABLE XXI
EFFEQT OF FIBEAR LENOTH

Unbeaten Sulfites Pulp

Semple Number
1 2 3
8.-R, 870 ec. §6% 870 867
Cansdian 1% ee. 750 7% 735
Green 695 oc. T00 695 705
Villisme 10.0 seec. 10.9 12.8 13.0
Leboratery instrumeat
1 grem 0.28 sec, 0.32 0.3 0. 37
2.5 grams 0.84 see, 0.57 0.89 0.93
Fider length 2.84% mm, 2,17 2,09 1.76
Beaten Sulfise Pulp
. . Supl; Jumber \
8.-R, 3710 ec. 370 315 312
Canadiaa 123 ae. 120 118 123
Oreen 9% oc, 92 92 %
¥illisme 335 sec. 349 3% 3%
British k& sea, u6 k3 he
Laberatory instrumeat 5,18 eec. 5. 34 5. 49 5.87
Fiver length 2.03 ma, 1.86 1.5 1.4

865
T2%

13.0

0.39
0.96
1.2

367
117

90
»1

6.08
0.93
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fider length but not %o a degree which hes sny importsnce ia pepermeking,

These emmples differed in their average fider length but were
sade up of all) length fibere in different distributions., 7o check en
the effect of a more limited distritmiion of fiber lemgth, the prepared
samples of uabeatea pulp were mixed together and fractionated. Drainage
tizes were run oa the verious fractions, Fiber length determinationes

vere not run Wt as seen in Teble XXII, the above data were corradornted,

TABLE XXII

IYFECT OF FIBER LENOTH ON DRAINAGE TIME

On Drainsge Tiwme
Soreen sec,
2 0.3
35 0.33
65 0,34
1% 0.46

To show that samples obtained by frectioastion were of decid-
edly different drainege time, a groundwood pulp was classified §a the
Bausr-dclett instrument. The drainege times of the original pulp sad of

the varicus fractions are shown in Table XXIII.

TABLE XXIIX
EFFECT OF FRACTIONATION

Ureinage Time
e,
Vhole palp 11,56
On 25-mesh 0.32
On 65-aesh 0.%5

Oa 150-msesh 11.52



-76-

Sinee none of the fraations shov & dreinage time equal to that
of the original pulp, the high draimage time of the original pulp seems
to b due tqﬁtho fineet moteriel in the pulp, that wvhichis colleeted oa
the 150-mesk sereen plue Shat paseed Shrough the 150-seeh serees of the

classifier, This agrees vith other data avsilable,

The 'offm of fidor leangth upea the desresese of freeasss vith
boating vas investigated. Staadaré bYeater rums were msde on bleaghed
sulfite pulps vhoss iafitial fibver length had been changed., Dry lsp pulp
was out by haad iato feur different vidth etripe referred teo ia Tadle XXV,
as samples 1, 2, ), sad B. The ountc wvere made asross the leagth of the
pulp te give the greetest chaage ia fider leagth, Fider leagthe were rua
on the initial pulps after the five-aimute slushing peried by the method
previocusly édesorided, 4 Sehopper-Ricgler freeness and drainsge times oa
the Villiams tester end the laborstory instrumea$ vere rum at every bect-

iag iaterval,

The resulis shov thet the shorter fiders are mere readily de-
graded in the Yeater, The fiders vhich had Yeen shertened by cutting
undeudtedly fidrillate mush mere resdily thaa the uncut fibere; this

probadly asceunts for this phenemsaea,

Specifie Surfase, Simce the fibrillstiem of & pulp has been
theught to W of deelded importanes ia the dreinege dedavior of a pulp,
an investigation of the degree of fidrillation and 1%s effeet on drainage
should be made, Fortusately a repid methed for the eotimation of the

surfagce ares of pulp bas reeeatly been developed. This method vhieh is



TABLE XXIV

EFFECT OF PIBER LENGTH OF THE CHANGE OF FREENESS VITH DRATING

Test
g, -K,
Villiams

Laberatory
Sastrument

Fiver length

s.'-n.
¥illians

Laboratery
iastrunent

Fiver length

8.01.
Villisme

Lavoratory
fastrunent

Tiver leagth

8.-R,
Willieme

Ladoretery
{astraneant

Tiver leagth

860 ac.

15 ses.

0. h’ e,
2.61 =,

869 ec.

15 see,

0.h5% sec,
2,07 ==,

860 es.

16 see.

0.83 sec,
1.72 om,

860 oc.

16 see.

0.8 eea.

1.25 mm,

Beating Time, minules

S 15
Sample 1
8% 10
19 L) §
0.53 .79
Semple 2
55 765
2 %
0.54 0.5
Semple 3
8% 765
23 50
0.55 0,85
Semple b
850 1%0
23 5h
0,58 0.88

50
680
9

1.%

10%

1.8M

11%

1.95

176

2. 70

b5 60
N0 286
38 520
5.96 &.n
300 254
360 616
60% 9. lh
250 205
kog [ §
6.23 12,61
2712 1%
kg2 1682
8. 12 21.713

>
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referred to as the "Spegific Sarfece Neasurement” vas developed by

Clark (87) snd later examined by Nelven (48).

In this method fibers sre unifermly coeted with silver and the
area ¢f this ceoatiang measured Wy virtue of the fact that Aydrogen peroxide
fe eatalytically decomposed by a silvered surface, The meaeuressnt of
the rate of this reaction is used to indfocate tha tSotal eilvered erea,

The rate of this reaction vwith knewa areas of ailvered cellophane wee

used %o prepare a ealibration chart with vhich %o determine the eire of

aa unkaown ares frem the amount of undecomposed hydrogen peroxide and the
average temperature of the resction. The development of the method ead

the determination of the calibration chart are well descrided by Clark (4]).

The modified procedure ss given by NeEwea (US) wee follewed ia
thie determination., Fifteea %¢ 20 mg. of fider wvere silvered {m 100 oc,
of & beiling one per gent silver nitrate solution which had been preoivi-
tated wvith ammonis, after which enough exvecs smmonis added to Just re-
dissolve the precipitate. The silvering ie carried on twice 2s long e
nseessary te make the fibers opaque., The silvered fibere are well washed
vith distilled vater and trensferred to the reaction flask with 95 ce,
of distilled vater and 5 ce. of Boyd's dorate bBuffer solution.

The flbers are kept in suspension dy mederate stirring with an
electirio stirrer, and 25 es, of 0.5 # hydrogen perexide rspidly intro-
duged, After 50 seceads, the temperature is takon, aad after 100 seconds
the reaction ie¢ stopped by the addition of 15 ece, of 2 ¥ sulfuric seid,

The excess hydrogea perexide is titreted vith 0,5 X potessium permangsnate
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solution and the ares of the fider sample read from the calibration

repors,

Bleached sulfite pulp hed beea beatea with all the avesilable
laberatory Yeatiag equipment in the study of the effeet of refiaing
treatneat on relstive compressidlity., “Specific Surfece MNeasurements*
and dyainage times vere deterwined for this pulp ot eaeh interval in en
attemps to shew the relatioa betveen the two, The refining Sreatmeats
used in thie study include beating in » eharpened and in & dull beater,
pebtble-milling, sad refining in the Morden Stockmsker and the lLampen
mill, The dats are givea in Table XXV, The specific surface value is
plotted in Figave 13 agatnet dreinage time, The adapted drainasge time
proeedure using & three-fnch muction head wae used, Both the drainage
tinse and the specific surfacee recorded sre the sverage of three deter-

minatioas,

Figure 13 cthews thet the drainage time does not uppeer to be
8 definite functiom of specifie surface ulthough, in geaersl, vith aany
ene method of refining the higher the specific surface the greater the
dreinsge time. The two pieces of refining apparstus, the Lampen mill
snd the pebdle mill, vhich are believed to cut the fiver the least and
to shov the most fibrillating setien, gave the highest incresse in
specific surface wvith imcreased drainage time. The refiners thought to
have the highest cutting mction<-that ie, the sharpened Valley beater
and the Merden—showed & smaller increase of epecific surface vith
drainage time., Thus, the specific surface determination agrees quali-

tatively with the sccepted tdeas concerning the relative ssverity of
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TABLE XXV
EFFECT OF SPECIFIC SURFACE

Drainage Time
800,

Sharpensd Velley Beater

.39
0.63
1.
4,83
15,18

Bormel Yalley Beater

0.37
Q.
1.1

3.76
11,00

Pedble Nill
o.zg
0.
0.8
0.
o

Moxdea Steckmsker

0. 72 r(l’

0,9
1,22
2.57

Lampen M{ll
1.09

2.h
5.28

Specific Surface
8q-°%. /g.

9,100
10,600
11,700
18, 300
17,500

9,200
11
12:133
13,900
15,900

94300

11,200
13,100
13,900

1¢, 700
11,200

11,900
12,800

13,300
18,200
15,800



14,000

13,000

12,000

111,000

Specific Surface, sq.cm./g.

9,000

15,000

10,000

8,000
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PIGURE 13

VARIATION OF DRAINAGE TIME
WITHE SPECIFIC SURFACE

'@ Sharp Beater

0 Normal Beater
‘D Pebdble Mill
@ Morden Stockmaker
@) Lampbn M;'11

1 2 3 4
Drainage Time, Seconds
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Sreatucad vith the differeat laboratory refining equipment.

1t 18 folt, however, that this method of area determination
vhile sn indication of the change of sres {e not $ruly a reletive
neasurensat of the degree of fidrillatien or of inecreseed specific
surface, MNelwen (38) hao shown that with cellophene & higher area measurc-
ment is obtained if the cellophane {s cut iate smaller pleses. Thus it
eppears that, as would be expected, the catalytic decomposition tskes
rlaee 2% & more repid rete the mere dende, cormsrs, 2nd irregularitiee
there asre, Since the regularity of the fiber surface ie feor from that
of cellophane, the calidration chart vwill not give the tree surface value,
Tarthermore, eince the surfagce regulerity of the fibere wvould be expected
to change oa fibrillation aad, fn fact, with any refinfing action, the
change in the messured specific surfage area oa bdeating vould mot de
proportiensl to the actual change ia surface although relative Vo the

change i ares,

Bffeet of Added Materisls. Xnovmn amounte of elestrelytes of

different valeases were added te semples of heaten pulp sad sllowed to
stend for & peried of one howr, The drainage times wore thea rum on the
semples, On ascount of lack of time, only one determinstion wees mede
on esch, Theee date are preceated in Table XXVI aad are illustrated

in Pigare 1k,

At firet glance the curves of the effeet of the verious ilons
seens o be rather confused, Hovever, wvhea one realiges that any addi-
tion of sn iea effects both the hydration of the fibers and the charge

upon the fiders, the effeets produced can be more logically interpreted.
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TABLE XXVI
EFFECT OF ION COMCENTRATION

brainage Time, seconds

Hormslity
Naterial 0.0001 0.,0010 0.0100 0,1000
¥eC) 1.90 1.83 1.82 1.7%
MeCl, 1.89 1,84 1.78 1.82
FaCl, 1.90 1.78 1.n 1.79
BC) 1.90 1.76 1.52 1.62
¥all 1.9 1.83 1,82 1.79
Na 50y 1.88 1.95 1.8% 1.79
Na POy 1.92 2,06 2.00 1.9%
HaOH 1.89 2,07 2.16 2.27

(Bydretien as diecussed in this section refers to colloidal hydration,
T™his term i¢ used to indicete wvater held Yy the foroes of adeorption.)
An increase in the kydretioca of the fiber would be expected to reeult
ir en inereased drainage tine owing to the effective sloeiang of the
espilleries, vhereas an tnaerease in the electrostatic charge oz the
fibere would tend to ceuse a mutuel repulsion between fidere and hence a

shorter drainage time,

The effect of sodium chloride i{s readily explained, The
Aydration of the fibere ¢ fincrezsed by the addition eof the highly
hydrated shloride {on, lHowvever, since the drainage time deercases vith
cencentration, Lt can be assumed that the chloride ien fes preferentially

abeorbded amd the effect of thie on the charge of the fiber ie wuch more
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FIGURE 14

VARIATION OF DRAINAGE TIME WITH
LOGARITHM OF ELECTROLYTE CONCENTRATION
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thaa the effect on hydrstion, causing = »-% deeresse in drainage time,

The magaeeiun and the ferrie chlorides produce the same genersl
tread, In both caeea, however, the combination ef the positive iems vith
the hydrexyl Lloae preseat to form ineoludle hydrexides complicates the
pieture., Ia both cases tha iaitial effect appears to0 b due to the aet
offeat of a deerease of the electirostatic echerge aavsed by the greater
effect of the polyvaleat eatiens ever the moaovaleat chloride fen and the
evidently wore importaat decrease in hydratiea becsuse ef the imtrodustion
of the lees hydrated magnesium and ferric caticas, AS the higher coneen-
Sretion the hydrated layer 1is evideatly prectically et its miaiwam and
the effect of a further deerease in charge teads to iaerease the drsinage

tine, The iacressed effect of the Srivalent ferric fea over the divalent

nagnesiun fon ie evident from ths curves.

Bydrochloric seid shows & net effect of deereased hydration,
The hydrogen ion e knewn tc Yo & hMghly hydrated fen ewing to its high
nebility and aleo a strongly sctive positive ien, Simee the effect of
HC) desreases the dratnage tinme the net offect appears te the result of
the doervansd hydration, Agnin, sfter the hydrate layer hes reached s
minimnn, it may ¢ presumed thet the decrease of the sharge takes eoffeet

and issreasec the final dreineage time,

The negatively charged aalons follov the seme reasoniag, The
ehleride ion has slready beea discussed, Sodium eulfate and phesphate
thow & aet effect of an inoreased hydretion beceuse of adbsorved sodium

cations and & charge iacrease due to the polyveleant negetive fons. The

ya

/,/' -
A =

}“»—.’,_,
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increased effect of the trivaleat anien over the divelent is again noticed,
Sodium hydroxide givee an inereecsed dreinage time with concentration which

oaa be most logically sttributcd to the gelatinisetion of the cellulose by
esustiec,

The effeat of dyes sa drainage $ime was etudied and the data
are givea in Tadle XXVII., Ae can be ssen, 2 basic dye frees¢ the etock,
and a mubetantive dye sleve the stock, Am acid dys, on the other haad,

has 1little offect an the drsinnge time.

TARLE XXVII
KFFECT OF DYES

Drainsge Time, seconds
Cenesntretion of Dye, 1b,/1000 1b,
1

Dye 0.01 0.1 10
K.WI vielet 1095 1.‘9 1,88 1.82
Methylene blue 1.96 1.90 1.87 1.83
Crocein scarlet

cone. 1.92 1,94 1,90 1.93
Pentamine yellow
CK oenc. 1.59 1.93 1.98 2,08

Kydrstion of the Fiders. Ae was discussed in the previocus

sestion, colloldal kydratiea of the fidbers {s believed o be as important
ssnsiderstioa ia the drainage dehavior of a pulp., To test thie, 2 etrong
dehydratiag agent, tanaic scid, was added $0 the fider ia various concen-
trations, The effect of thie dehydrsting ageat upon the drainsge time

fs shown in Table XXVIII,

Thas 1¢ sppears that the colloidal hydretiea of the fibere has

o decided offect upon the dreinage time, Colloid chemiets feel that o
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TABLE XXVIIZ
EFYRECT OF TANNIC ACID

Conen, of Drainage
Seluticn fime
(7T
0.000 2,20
0.001 2.18
0,010 .79
0,100 1.63
1.000 1.10

ons per eent solutienm of tammic a20id is sufficient to dehydrete a geol,
Singe the drainsge time of the samplers trected vith oans per cent tananic
aoid 1e stil]l spprecisdle, L% eppears that the increase of drainsge with

refiaing 1¢ net csused by hydrmtien alome,

Sinoe hydration of the cellulose sight produde a solvatioa of
the more readily disselved eelluloss or a colleidal solution of parts of
the fider, the viscosity chenge of the water used for deating ves inves-
tigated, The viseesity as measured by sa Ostvald viscosimeter showed no
shange, However, vhea the time of drainmage through s very fine cerillary
filter vas dotermined (A Jens 10-k crucible wee used vith » vater leg
Yensath 1t to prevent surface tensioa effects), the appareat viscosity
of the vater desanted from the desten fibers was higher than that for
the eriginsl weter ssaple, wvhich indiceted the presence of some colleidal
materizl in the water after besting, The imcresse was not enough to

account for s decided change in drainage time,



88

Bolling 1i¢ kmown to dearease the colleidal hydration of e
g%l. Thic deoreass 1¢ Manowm %0 be irreversible ia the case of cellu-
loses. Therefors, an iavestigation wee made of the decresse in drainage
time csused by boiling s ssmple for 30 mimutes, sooliag te 20° C,, 72l
determiaing the drainage time. This wae deme oa the samples refined
vith all the ladorstery refiaing spparstus ia the investigetiea of the
offeet of different refiaing treatment on the relstive sompreseidility,

The desrease in dvainage $ine obtained by treating & ssmple
ia this wvay agreed revghly vith the eoffeot of refining treatment on
epeeific swrface. That is, the pedble mill and ths ball =ill chowed the
greatest decreass ia drsisage time vwith boiling, and the Mordea sand the
sharpened Yelley beater the least., This is in agreemeat vith the thesry,
sinse » erusking sad drushing sction wounld be expected to make more

sarface availadle for hyiratioa than would a cutting action,
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SUMMARY AND CONCLUSIONS

l. 4An {astrusent aad a teeting techaique for the determinetion
of dreinsge time have been doveleped vhich more closely simulate drainsge
oa the peper mackiae, This tecknique gives & smoh c¢loser iadication of
freensss, vhieh i¢ defined ia this thesis se the property of & pulp vhich

csatrels the drajasgs of water from the pulp oa the wire of & Fourdrianier

peper nschine,

Ueing the develeped teshaique for determining drainsge time,
the differeat testiang variables esa be kept in the pepersaking reage,
A low lwed, light sample weight, sustion head benecath the wire, sad &
short time of drainage are sll eonditiene of this method of Sesting,
The short time of drainage f¢ mutomatically recorded d»y photceleetric
seans by use of the eudden drop in specular reflection from the suspension

sarfase as the sheet gees “4ry."

This nethed vas found o give »a good degree of reproducidility
botween samples in spite of the very short drainsgs time, 'ﬂu retio of
the drainnge vslues Setween two pulpe obdtained on the instrumeat agreed
very well with the ratio of the machine draiaage Wehavier for these pulps,
The ratieo of drsinsage oa the maghine vas obtained bWy eompariag the die-
tanoes frem the aprea t¢ $hs point where the sheet weat "dry." The two
pulps were yum on the machine at the same sheet weight, machime speed,

and headbox coaslstensy,

2, Numerous examples of sa inversion of the relative freenese

Yetweea $tvo pulpe vere found between existing testere, This phenomenoa
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was iavestigated thoroughly and found to be due o the difference ia

the head used to ecsuse draimage oa the differeat instrumentes, The fact
that pulps 4iffer in their reletive dehavior usder differeat heads may
indieate that they are actuslly compressed to different degrees or that
the higher velooity of water discharge at the higher head hae a differ-

oat frictional sffeat vith differeat pulpe.

3. The fact thet 4iffereat pulpe do met show the emme rele-
tive change in dreinage time umder differemt hesde is very importsant.
Piret, aay ceaversion chart between the different freenmses scales applies
enly to the pulp vith vhich the chart was prepered. Moreover, any tester
vhioh differe from the paper machine in respect to the heed csusing
drainege vill aot give sa abeclute indicestion of hov different pulps
will Behave on the mmchine, It ies indicated that the true retioc between
dreinage times on the mashine for differeat pulpe csn oaly be detersined
vith an inetrument similsar $o the ome developed in this izvertigetion

and using the same comditions of head that are present oa the machine.

B, A method vas developed for estimating the effective
suction oa the paper machime., Two pulps vhich show different effects
vhen d1fferent heads are applied vere run on the machine aad the ratio
of She drainage times dotermimed, The suction leg on the instrument
wag varied until the ratie of the inetrumeantally measursd drainage times
was equal to the ratio odtained on the machine, The effsctive suction
leg obtained in this manner was for t0c largs to de accounted for by the
actusl suction leg slone and is undoudtedly elso influemaed by other

factors, such ss the shake and the high heaé behind the slice.,
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5. 1% wvas shown that the change of drainage time with head
hag & definite retio for say ome pulp regardlees of the degree or type
of refining treatmeat, Therefore, for ‘de same furnish, aay tester will

glve an indication of the relative drainage dehavior on the machine.

6. Although interceaversioa charte for freeness scales have
been shewa to have little valus betweea differeat pulps, & ecomperisea
vas asde of the relstive freemsee vrlues obtained on 2l)l of the exieting
testers snd on the laborstory imetrumeat for a bleached sulfite pulp.
This gives a gensrel comparison of the velues obtained on the lsboratory

instrusest and oa all the other testers.

7. Teapsrature change wae showva (o have an effest on drainege

time proportioansl to the change ia the viecosity of water,

8. Drainage $ime was showa to de proportionsl to the weight
of the sample mizue 2 sonstant rether them to the sample weight alone,
This vas felt te be eaused by the faot thet capillary foroes do mot set

up vntil & certain definite pulp thickness is obtained.

9. ¥ire sise had very little effset upon instrumentel drainage
time, However, o= the paper mschine, & much larger prepertion of the
fivers pass through the wvire sad the wire eize §s of greater importance,

10, Tidver length variastion prodused oaly & mmall effeet on
draiange time, The shorter the fiber, the longer the drainage time

Yeoane, dut the change was not large enough $0 bde of papermsking importeace.
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11. The effect of ths addition of foms to pulp wae studied
ia the light of the choage of Arainage time. Az interpretatioa of the
dats through commonly socepted colleidal theory indicetes that both the
charge oa tﬂna fiver and the effsotive bydration of the fiber are of
fiuportance in drsinage bebhavior. 7The addition of tsanic scid, & strong
dedydrating agent, and the beiliag of pulp, which {s felt to irreversidly
dehydrate sellulese fibere, both led to the eonclusioa that, although
the hydration of the fiber is impertant, 1t ic not the ealy csuse of aa

inerease of dreinage time with deating.

12, Aa investigatien of the relative fidrillatiea ¥y the use
of a msasurenent of ths surface ares indicated thet fidrillation of s
fider alse produeed an imerease ia the drainage tine. The data {ndiocate
that fibrillatien elee doew mnot aceocunt for the total imeresse of drainage

time vwith beating.
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