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I. TWRZRODUCTION

The necessity of determing and isolating the warious
fastors whick influence the baste struoture of a sheet of paper or,
more specifically, give rise to the orisniation of papermaking fibers
irn flowing suspensions is odvioug when it is desired to solve the many
Problems concermed with paper fomtion.. ocurliag of paper, and aniso-
tronie swelling and strength charscteristios of the sheet. ¥ith the
advent of grezter machine speeds end inoreased tonnage in recent years,
‘sagh problems have mounted proportionally and have -tiinlatod A CORe
siderable amount of though$ and research along these lines, as indi-
cated by the vast increass in literature desling with the problems

{nvolved and published in the lant € to 10 years.

mtinum fiber dispersion in the head~box of the paner sashine
end naintenance of thig condut;n il tha_qheot is eonpletaly formed,
sinimum orientation or alignment of fﬁon n the stock passes through
the slice, and proper intredugtion of the steck streas ense the wire
are desired to give a randomly ortentated but unifer fiter weh. The
use of prectieal experience, togethar with the application of fundamental
hyAraulic prineiples, bas dome mch %0 effect wome of the deeired is-
Provenents in head-box, slice, and inles comstrmotion, and the most
recent hydrodynasical ressarch by Moss and Bryant (1) on the motion of
fiderw in a flowing suspension has given an insight inte the tmportant
features of head-dox and slice design which create marked ﬂhri orienw
tation effects. All ench work will ultimately assist tn the desiga

~f woteend paper machine sgquipment according to tested and proved
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hydranlie prinairles, dut bafore thiz and say h gained 14 seois
1ikely that several other facts should be known about the behavior of
fiders in suspension, smong which is ths pmiwuaon of fiber flocou~
1ation, or the tendensy of papermaking fiders ta flock after they have
snoe e individually dispersed. Such fider bunohing may cccur in
the head=box of the paper machine, besauss of impropar design of the
equipnent, or it may take place on the ﬂ'n after the stoock has left
the slise. In this latter case, even proper design of head-dox and
slioe would not be the snewer to improvement of formation, and the

floceulation sffeat must becoms of fived order importsnee,

The agglomeration of fiders and i{te deleterious offacts on
formation, ocourring under various conditions, are well known to thas
paperaskar, To oversoma guch A17ficulties, in eome instances spacific
conditions for sinimum floogulation have been defined by trial and
orrof procedures, However, in general, the funfzwenisl enuse oy
canses of the phenomenon are not knem, 3Jometines the effocte are
sttributed murely to phynical sonditions, such as the degree of beating
ta shich the stook has bdeen sublected, to the degree of arxitation, or
to the fiber dimensions themselves. At other $imes, however, thare
nay be reason to delieve that surface forces involving oolloidally amc~
tive naterials present in atook suspensions come into play and oreduse
fibver floccoulation. Obviocusly, too, the relative magnitude of chemioally
and colloidnlly active forees, such as alesctrakinetic effects, compared
with phyaical conditions such as fiber lemgth, degree of fivrillation,

«te., as they are involved, are not knowm,
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Accordingly, it is the purposs of dhis lavestigation %o
follow, in a compreRensive manner, the various causes of papermaking
fiber flocoulation and o svaluate velatively the importancs of suwth
canses $o the total phenomenon, The praatical valuwe of such a study i,
verhans, first consermed with the formation sf the sheet on the maohkiae
as regards uniformity of strusture and leotropic stremgth and awelling
characterietica., Formation of paper as it relates to "look-through,*
to printing characteristies, and to the finigh of e gheed, te an
ftaportant property, in at least one of these respects, of any nf the
grect varisty of papers nade. Tn silition to Deing of intereat to the
paner manufacturer, formation, and thersfore fider flocculation, 1s
tmmortant %0 the producer of vulp laps and shests vhich are sulsequent.
1y to b» used in a conversion operation, such ;a the manufscture of
viscage. Hcgo. uniforns formation of the lap is necessary $o give a
unifors penetration of chemisals in the subsequent vroceazing., PFiber
floocculation ¢n 2leo a pmblcaﬁo She pulp sdll in ﬂu proéns of
riffling and fractionating dirt and{ resin from the stock, since this
can be effectively mccomvlished only when the fibers aré well die-
persed. PFinslly, it 1s obvious that n white water recovery, in Gon-
trest to all other cases, maximum arglomeration of fidvers is desired

for the most effliclient syetes.

All trese prodlems would seen to Jjustify an inveatigation of

the fider flocoulation phenomenon.



‘11, LITYRATURET RYVIEW

The faoct that the mechanien and speaifio mu ef fider
flocoulation are not olearly underatood is almﬂy ‘nﬂ&to& in the
rather neager mblinhod litcmm conserning any a‘baom& Qtf»h.
¥ith the exception of mrml utmu- wich an nnml csuses of
fiher sgrlomeration as odgerved in the paper mill and whioh ¢in some
©of the conéitinng which may be controlled $o prevent wuch flocoulation,
there ﬁan becn no reports to {ndicate that my grest maﬁt of ine
veetigntion has been onrried out along thaiu lines. There has beex
a rerlizstion that flocculation ~f fiders may have a bsaring on sheet
formation, but prastically no measursments or avaluation ef the effects
have deon made. References which are indirestly concermmed with floogu-
lation of stook, in that they may deal with the effects rather tham the
causoe, are, of course, more numercus and include suoh topics as
sheet structure, flow proverties of pulp suspensions, and white watey

recovery systems,

In the following review af the published work, the artiales
directly concerned with fiber flocculation will be considered first
-md.thon the relatsd woric will be decoribed. The pateat 1iterature
which covers the use of deflocculants as well as flocoulating agemta,

for nse in white water recovery systens, etg,, will b%e reviswed at

the oconclusion,

One of the earlier papers vhich discunsed sheet formatiom



in the 11pht of the orientatlion of the fthars as thay flowsd onto the
wire witk subsequent matting wae pudblished 1a 193% by McWolll (2},

The mechanical oparation aof the naper machins as it affected criene
tatine 0f the fibars =nr nf chie? osncern, mt the following stante-
ments ware made concerning ﬂnnm&r—.t'-_'an. (a) Por the same amount of
berting, ocompapative flocenlating tendencles of_ pulpe in decrensing
order nar be given ast  gulthites > krafts > blesohed sulphites ) sods
ips, (D) An excess of alum decreasss floorulation., (g} Rosin
size and pelntinous losdingn prevent dlepersion in proportien to the
amount ntded. (4) Wonrelatinous loatinge up to 1 per cent per pound
demy (pri~ting saver ream size, 22 1/2 x 17 1/2) help 4isvereton.

{g) Increased tmtm gives less flocoulation, but this effeot it
eonsldered to be due S0 the dilution effect on the wire of the meohine.
{£) The lower the consistency, the lees the flocculation wnd, as a
practioal rimlt. the suthoyr aivocsted the flooding of a relasively
free atook ontn the wire, (g) 1t was stated that no oometant re-
‘latlon existed between the degrse of dispersica and the degree of beate
ing, although under actual aperating oonditions, beating seemed to
increase the dlspersion as measursd by formation until a freeness
aromd 15° 3.R. (580 cc.) was renched, Slower stock gave much naorey
Atapersion, but this was undeudtedly due to the necessity of running
1eee water on the wire with the stook sn \hat propsr drainage could be
pbtsined. Finally, according to the suthor, optimam dispeveion of
stook acn deat De obtainad By Alintion, It should be noted that
Ko'elll has revorted on the factors affecting flocoulatlion of fiders
as they nxy bs odserved wnder astuasl opavatfion of ﬁai paper machine,
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All conditions, odviously, could noi de hald censtent, sad se apparent

results may not give a true picture of flocoulation effeats.

Strachan (3) has likewise reported on observations made in |
the =111 concerning the affecta of fiber flonculation. He eald both
settling and f{ltration are speaded wo by flaceulation, and the pre-
ventinn of tha latter is eeamntial in the tomﬂtloa of a mniforwm
sheet, Ho liated the folloving oonditions as favering fMNoacculations
(g) high conmlistencies, (B) wr;yl 1emg stoak, or even very wet fine
etock, {g) excess neutral reain size, (4) low pH valuas of the white
water, (g) high temperatures, and () the presence of air in the atook.
1t is apparent that thare is disagreement here with some of YcVelll's
conclusions on the effect of temverature on floconlation and, to some
extont, with his concluations on the effest of rosin. Strachan anys
ordinary nmtnl. rosin sise favors ﬂouulﬁﬂon, bud shis does not
hold when a high free rosin size is w, He sugrests then that the
Jlocculation in the forwer case oay de due to the larger amounts of alum
used, dut this does net correlate well with MeX¥eill!s conclusion that
excess alum inoreases fider dtspersica, In agreemeat with MaNeill,
however, china clay is sald to hmro 2 marked sotlon in réwiﬁtﬁinc
flocoulation and 1% is postalated that this mey be dus io ihe intrnduction
of aiAitional negatively charged collotdal particles. Purther, elay iv
floceulated under acld conditions and thin is sald to restrain fider

flocenleation,

In other papers (4, ), Strachan further suzreetsd (p) that

to close a aheet of long free stock 1t is nacersary to overate at the
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lowest poneible coneistencieg, presunably to prevent flocculation,

and {}) in the purification of white water, optism oonditions are ode
tatined Dy M,jnéung the pE to 7.5 with lime and ulqtiﬁg flocculated
Tiders to settle in a somtoal shaped settling Sank,

In a subjective disecussion of sheet formation on the Pour-
drinier wire, Rubin (&) sirsesed the importancs of the drainsge chare
acteristics of the stock as thay relate %o formation of the aheet.
Howeves, he also considered She necessily of maxiwum fiber dispersion as
the stack goes on the wire and, at hndobﬁx'jmsiotmﬂu ﬂtﬁ equive
alent beasten stoeks, listed the fallowing order for the dsgres of stook
dispersion {n water: esparto > soda > bleached mulphite > kraft > we
dlsached sulphite > aottén > 1inen. Vith regard to the rate of stoek
drainage, a specific instance wae oited of the cperation of hxgh‘ meod
news machines on whieh §t ﬁn necassary o add a little olay to the
furnish wvhen the woad had been ground too free. Presumably, the effect
of the ¢lay was to slow up the dratnage and thus tmprove the formation,
but there would seem to be the ummentioned possibility that the clay
nay have sxerted a direot effect on the flocoulation characteristios of
the fibera themselves. It in u!d.‘ ‘ln gmsrynl, that vroverly prepared
clays and starches, being plastic eollolds m. nature, aseiat in fider
dispersion and closer sheet formation, dut it will be noted that ml
is not in comrlete agreement with eome ‘of the previcusly reviewsd
disouseions (2, ). Rubin stated farther thas fider diepersion is aleo
related to the rate af fiber swelling md te Nydration or fidrillation
obtained during beating, amd $hat 1t han deen shom io be dependent on



sooh fider sonstituents as pentosan or mannsn, presence of aoid oy
slkaline pulp lignine, and the temperature of the water used as a
provessing or gonveying vehicle. This statement seems ambiguons, heow
sver, ¢inoe thi presense of pentosans, mannans, and asid or alkaline
pulp lignine should only affect the fider dispersion as they alter
thc"buting sharacteristios of the stook and are negessarily only see-
ondary factore in altering any Aegree of {ider dispersion. Alse,
apparently, the above mentioned tempsrature effect is only indireectly
oonoerned with fider flocculation as it affects the rate of deating.
Turther mention 1s made, Bowever, of the s7feat of \he \ewperature of
ths fider furnish flowing on the wire smd the resulting fommation., It
is proposed that colder water reduses drainage rates, smhanges ihe
effest of the shake snd thus improves formation, but no mention is mede
of the poseidilisy of a direet effect of tesperaturs en fider flooeuw-
lation which might be dus to alteraiion of fider-fider aZheaion forvees,
or to an inorease in the visoouity of the &lapersing wedivm. Pinally,
it is sald that stock dispereion decrenses with {ncreased consistencies,
end that with fast, fres-rumning stocks a better shest is formed by

sl ightly flooding $he sbotk susnensiom ondo the wive.

¥ith regard to. fldoding relativaly free stodk onts the
vire to tepreve formation as proposed by mu; 1% will be recalled
that this was alve euggested by Natietll (2) beswnse of desressed
flosoulatioe tendensies at lewsr Benstetenaies. This effect has ales
basn odserved elsevhare in actwal practtios, Min operators olaiming
that M operation was nlnnnoonurr in.tl;xe sanufacture of Yook
papers from relatively fres stook. - It i¢ poseidls that thov‘ffm is
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one of consistenoy, but tnrbnlmoi in the stock pond on the wire,
remulting from She flooding aolion, eould eonceivadly play a more ime
portant role. In general, it (s not p&nﬁlo te flood a highly beaten
stook onto the paper machine wire witheut seriously affesting the
sheet formation (7, 8). The beaten stoek seems to ball up on the wirve
which say be due to fibrillation aad enhansed flocoulation tendenaies.

Speaht (9) investigated factors influenoing drainsge through
Tourdrinier wires and, smong oiher resulte concerning the effect of
fiber meeh on drainage rates, e%to., he found that, at a P8 of lpp.roxu
inately 5.3, stosk drainage Shrowgh a nusber of &ifferent weaves of
wires for a news furnidh wes st & saximum. Fider floooulatien nw
vory well influsnce the drainage pmrtin of a stook, bdut whether the
effect observed by Spacht is due te neow.htlnu or o some other fae-
tor, such as & mrtuo Sonsion Mmu in ‘the vhitt water, cannct de
concluded from the data presented. In addition, m,,-qtm is »wade of
vhether the ZH variadle wae adjusted vith setd or with alum.

In o more recent paper {10}, Mt ;e caahdg hun reported
on & sontinmation of thie work in shiek Shey used variocus fumisdes
and investigated further the 4rainage futari of various types of weaves
in wives. They also studled the effsot of DH, odtatned doth with alus
and with acid, on the 4drainage charactaristics of a aeweprint fumish
through a typical wire weave. ¥o data are presmted dul esone of the
comclusions given includet (p) "ths use of sulphuric asid to scldify
the stoak results in a slover drainage rate for the same pR*: (})
“regardless of the initial pff changes withoutl the addittion of allmli,
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the drainage is charscteriatic of the pf at which the drainage tests
are ran and not of the imitisl pH®: (g) “the presencs of alkaline
zalts in atosk or In the water varies the pH at which the stoek hase

the highest drainage ﬁtﬁ't () "th:ere appears to be a dacrease in She
measurable acidity as the tine of aontast of alum and stock is increased”: |
and (@) there is one p7 valus for maxismum drsinage which, however,
changes for various stock or water aomditions. Obviously, a.v,nta‘. it e
iwpossible to draw any comolusions concerming the aéchmlm affecting
the Arainage, tut fider flocoulation effects could havs a Yearing on
this. In the light of further work some of these results may de of

interest.

The pH of the white water in a paperazaking fumish, as well
az that of alumina adsorption, and the anions in th§ solution, ete.,
oconcelivably may have an appraciable effect on the dezree of fider die-
persion. 1t has been sgtated, in work already reviewed, that low pH
values as well as pH values above the neutrel voint (obtained with lime)
tnoreass fider flooculation, but the evidence presmted is much too
mearer for any general conclusions. BSome of the complexidties of the
pepearmaking fumish from a oaunidal» viewpaingt hn;m Yeen desarided by
Rowland (11), although not particularly with rveferenes to fider floc-
culntion affects. e has pelnted out that cellulose denra a negutive
electrostatic charge in squsous solution and that, specifioslly in the
sizing of the fiber, the bositively ohamod! aluminga fNlock may serve as
a mordanting agent for the negsatively ah&vgea rosin particles. It is
1ikevise eonceivadble that the alnm‘lﬁa eould alter warkedly any flocous

lation chornctaristics of the elactronesative f;bnr-. Rovland atated
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further, ﬂu‘m;h.‘ t.hgt the h\;onaity of the negative ‘mnditlnn at the
fider surfaces may be greatly reduced dy h:dnm ions md may even
become positive ia the presanes of aluminvi rlom.‘ Mﬁilc adsorptien |
of hydrogen and possidly alwmimum Ltons by the alumina would tend to
intensify the positive nature of the lntw, Again, theea effeets may
have a bearing on flocoulating tendensties. The posaidility is meationed
that sn isoclectirie point as applied %o selluloss may not Oxil\.' at
least with refersnos to pH, wnless i% oocurs under gonditions of ex-
trems acidity. YThe combined aotion of hydam’m and almminuvm ions would
ssex Yo bring about a charge reversal on the fider surface within the
rangs of aonditioms in the papermaking sysiem, but opposed %o ﬁmm in-
fluences, the asotion of sulphate lons i kwpiu the f1ders nagative
is vointed out, as well as their action in redusing the intensity of
the positive nature of alumina. The ecomplexity of colloidal factors
which may altsr fider flocculation tendencies s $Rus odvious, and may
well account for the lagk of a positive icnswlvdgv. 6!‘ the offaoil~.

Studiew on filler retentions have also indirently hrought
to Lisht effscts which eomld 1nv¢lv§ fiver aggloneration, Willets (12)
fo\md, among other results, that an inereass in temperature in the
sheot mold resulisd in marked hmnuu in filler retention of Rend.
sheeks. Such an effect could be due to the mm flocculation of
filler particles, fider-filler ’ﬁtmhtioao, or eﬂmiu’bly to an im-
proved fiber dimu!cn. sihes if a docreave ia tnmrcim ocsanrru
(flocoulation) tht tnurtng mum ef tho ﬁm u% an tho filler
\'puuoln would bo mmtoa to dnemnt. usin, howmr. thege obd-

servations in themselves aze h«lﬂﬁnﬁ; for Qh,! drawing of any
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conclusions,

nf ;ntm'n with reg-rd to ﬁ.ﬁcr-uﬁnﬂm and to possidle
effecta on riber;:ﬁoccﬂu,_‘ion. is the racu_m nroposed - §vaen nmethod
for ‘nereasing the n»taation"ot fillers and fibars deseribed by
Loddenzrard (13), A wéak solution of bone or hide or some other
satnsl glue, which has zatuved at a low Vemperature for adout 2% hours,
is added tn suspansions of fibers and/ or fillers in which o small
aneunt of alum s present, and as wuoh is olaimed to be a powsrful
locoulating agent. Yhem this 15 a'led to the stoek suspension some
30 to GO seconds before the latter arrives at the apron of the Daper
wmachine, it is claimed that a very considerabdle improvement in re-
tention on the wire is effected, resulting in a reduction of the solids
fn the white water of abdout ‘50 ner c«it. This {=provement in re- |
tention presumadly inoludes rosin sige, pigeents, and dyestuffs, Tur-
they, the glus in alatmed %0 have = corresponding flocculating effect
on the remaining oolid‘ in She white water, facilitating recovery in
save-alls, prarticulariy those of the flotation ané sedimentation types.
The amount of dry glus used amounis to 0.05 to 0.1 per cent on the
~ oven-dry weight of the steek. Nothing is mentioned rogarﬁing the of-
feos of the glue on the aatual fider dispersion in the head-hox snd
on the wire and the nmltihg sheet formation, but the fact that the
£lue is clained to aid fider recovery in the white watar suggests that
1t would affest flacoulation of fibers on the machine wire. An effeot,
however, produeing ohpooito resnlts is aleo possidle. If the addition
of the glue increased the viscosity of the shite watar to any extent,

vhich {s posaidle even with the addition of very emall amo'mts of larye
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o0lloldally active moleoules, sn iworovemens in fider Alepersiom
plzht be axnected due either to emhanced shearing forces within the
dispersing uqnid 18self, or to deoresssd veloelty of fider rotations
resulting in lese fiber-fider enllisions.

Preaht end Bausch (79}, in investigating methads for increass
ing filler retention, found thet ovtisum results v;'oro obtained with
the Sveen methnd and further nnted that mo injurious effeats on shest

forcetion £ould be obmerved,

A oondition of intsrast for comparison with the use nf Sveen
flue for {smrovement of retention, e that attatned by the a2 ition
of very small amounts of a collnldal gum to the papermaking fumish %o
effect dispersion of the fiber constituents. A more detatled desoription
of the daflocemlant and {ts nee will be ziven in the patent review;
suffice 1t to say here that the material acting as a deMloecculating
agent is a deacetylated karaya gum obtained from tshe Coghloerermum zoe~
syplus tree indigenous to the northwest Rimalayas and central tabdble
lands of India (14). The gum resechles tragacanth, a edrongly hydroe
rhylic gum, dut the naturml product does mot dissolve or dieperse in
water to any extent; (m partial dﬂmﬂyl’qion. kowever, the gun be-
cones extresely hydreprylic and lvhim M!z portions of this descetyleted
uﬂtoﬂsl are added to ihu vepermsking furnisk, fibu" dispersicn and the
resulting sheet formmtion ars 'nry::moh‘ isproved, The ..offoét of the
&m on tre viscosity of the white water, in congentrations as low s
0.02 ney cent, is quite warked, but whether t!‘xha a;oountu for the im-

»rovad f1der Alsrersion or vhether there ia a e¢olloidal effect altering
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eneyzy Torces nn the fider snrfaces does not seen to Ve ‘nowm,

The use of wetting -gﬁnts in the paperzaking furnish has re-
celved constderadle attention in recent years, dut no effacts an fider
flocoulation and shest forn:tion«haxe been reperted, althaugk it is eon-
celvable that such sffeats mizht occur. These surface active materials
Leve been us~d on $he wire mné lépregnatod in suction box covers (1%)
to inerease drainage rates, but anparsntly mo obasrvations have beon
made " porzsitle relations hatween dralnage rate, surface tencinm

ef?ecty, and fidver flocoulation,

With regrryd to the wetting astion of liquids on fiders,
Bialknwsky and Kress (16), in stadying the relation bdetwsen the rwalle |
ability of n 1ignid and fis adility to hydrate cellulose, found tkat
fiders vere very hard to separase when beating was done in fuel sils
and other nun;wettinc mediume. Whether thie was a flocounlation effect
or was due more %o the condition of the pulp furnished to the beater

and the nonswel ling charscter of the dlspersing =edla was not evident,

Wetting agents have been shown to inhibit hydration (17),
whick at firet thought wonld seen enmtendictory to generel concemtiong
of hyAration. Wowaver, it nmay Be noasible that the weilting azent
markedly lowars the surfsss tension of "douné® nr ®asssciated” watar
and nmight exort a dehydrating effect. Thle, Rowaver, is of interest
in a etudy of fider flocculatisn anlv insofar as hydration influences

the formsr,

Fron the work already reviewsd it ie Qif!loult tn sny row

1
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important a relation beating dBears to fiver flocoulation. In the

first "lace 1t would eenm necessary aotually to epeak of two vari.
ables, first, hydration snd 7ibrillation without any sssential re-
duetion in fidver leagths, an4 second, a direst fiber eutting action.
Further, as g‘lready sintioned, the papers vhich have dealt with the
effact of Deating ¢u fider dispereion have done o anly on the Wastis
of uctual i1l chservattons, which would 11kely mesn Ahat other vari-
ablvu. such as consistency and tesmerature, contriduted to the end
resull, since the effents were qulutod only in teves of the formation
of the resulting paper. Oonsidering Ahad Yealing ne a hydration effeact
ineresses the epecific surfess of the £1%ere (18), i¢ e poutbio that
such Srestwess would enhanos flocculation charscteristies Both Ve«
osuse of medhanioal wntanglement of the fidrillated stoek and dLecsnse
of increased surfese oentact betwesn the fidars. If beating were
prineipally conurgu vith reduecing fider length, then s decrease in
flocenlatiom Mamtm eoqld. e expested,

'l!ma tu the 1iternture m‘.lnod has besn more or less 2irect.
ly m«mu -m ﬂ'oor ﬂnmlnion or nhut tamﬂou as 1t s n.ff'ccm
by suoh rloecuhtion. and hae Nam muu n . ronnt of pmtienl
nill obssrvatione. A _rew Ijammfy o\nnyaiom. however, have bdoen
made on fiber agzlomeration effects. Caspdell and Yorstem (19) foumd
tl:mt vory diluts suspensions of besten cotton linters, vassing a 200
wesh scresn, rapidly formed floaks a few millimeters in dlameter in dis-
tilled water as well as in dilute -elutﬁn of anid, slkali, or alum.

Sixilar flocoulation of groundwood, screened to pase 200 mesh, Aried
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with ntnvl .aloahel, md tmptudnd in a solution of ethyl aleohol and
chlnroform wvhich had a:bont tho sane d«mtlty ar the fibers, was ob-
sorved. The authors’ mcmtud the pouibuuy of obtaining messurerents
of tbeu floeeulauon wffects in m mmha in whick pulp s 4is~
lntog,rg“c; in a Jar, and at ‘tlc,;_nup tiao circulated slowly through a
vide tube mtstds the Jar, but reported mo further work aleag this

line,

!hni investigators also made some measurements on the com-
pactness of flocoulated fiders by allewing ?took of known low sonsistencies
to settle in graduated oylinders, but the data obinined ware not sult.
able for extrapolation to give any indiocation of the oconsistency of in-
¢ividual flocks. They further found that walvalent electirolytes in
noderate concentration, M/100 HC1, WaO¥, and K01, drought about prage
tically enmolete retention of grouméwood fines when a suepension of uwi-
screened groundwood wae allowed to settle in water. Without the pressnce
of the eleotrolytes or a pretreatment by boiling the pulp suspension,
1t was stated that the dlspersed fider left a olowvmcpaauoa of very
fine material vhick settled with much diffieulty. Microscopis evie
dence seemed to be in agreement with the aonolusion that the very
d1ilute electrolytes or boiling caused precipitation of the fines on
the larger fidera. Fxperiments were also reparted in which the flow of
eleatrolyte solutions thmu‘h profomd sheets was found to be great-
er than that of dutlll«l vater.

The flow of solutiens through pulp pads is not necersarily

related to the agrlomeration of fidbers in suspension, dut in relation
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o the effects of sleatrolytes and Yolling on she flecculation of
pulr suspensions just discussed, it may also be of intarest to bHrief.

1y review such mnalogous work.

Bell {20), in investigating the effects of deating on
fidrous oellulons, devealoped several technigues which may have deen
‘devendens to some extent on fiber flooculation effecta. 3By defining
» flow aonstant for any vulp as the quatient of the flow time for
250 ce. of water under eteady static conditions at 20.2° C. ma the
weight of the pulp used, he eatadlished that elegtrolytes and the
affect of bolling hydrated pulp markedly decreased suoh flow constants,
as 414 the dehydrating effect of aloohol. It was conoluded that the
fonio cosgulation phenomena iu the oase of beatem fidere ney indicats
the omrrmq& o{ any oy all of thres sffects: alteration of pore sisne,
ohange of ol&c;ﬂc. tham on ﬂh. ﬂbir‘ and dehyidration, The first
twc of thess effects may be {he result of f1ver flcoaulation or cong-
ulatten, Along vith the ogagleties: offect of slectrolytes, 1t was
also formd that she flow constant in y_r;hr for a given puly inersased
with time, ﬁlm(‘m@ thls; wn iy no washs constant. It wae postulated
as & phanomenoy related to electro¥kinetisc noteatial. A segond axe-
perimental technique developed by Bsll (20) presumedly measured the
develovnent of a colloidsl surfacse film on cellulose fiders duriu‘
beating by determining the contraction on Adrving of a standard nressed
fi%er eake, Much of the work dons by this author along these lines
li not of interest here, but Lt was observed that dilute solutions of
elsctirolytes, the boiling of mulp in water, or prolonged eteaping hed

no effect on this colloldal surface film aw measuresd by contraction of
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the pressed pulp sake. The differense between thess resnlts and those
observed in the dotermination of flow constants may iandicate fider
floowulation rather than a delydration affest as a faotor invelved.

<A portion of Bell's work was checked st the Forest Froducts
Laboratory of Canada (21): the interpretation given was $hat the ef»
fest involved a prodadble refuction in negaltive chargs oo the pulp sur-
face whioh would allow surfaces slrealy close together to sprrossh
nearer. Additional work from the same Lavormtory (22) alse indicated
that the effests of electrolyies i hard water om the freeness of gmuni-—

wood Tulps were nsgligidle.

Tiraw 1t fo apparent that electrolytes, bolling and steeping
of fiders, e%o., have em appreciable effeat on the matting charsoter-
{stios of the pulp, particularly whes hydrated, and that floeculation
of fidbers may e a factor involved 1s such changes.

Zider Nagculation in White ¥ater and Fiber Regeyery

Up to ke presem’d point, the literature reviewed has Yem
chiefly concerned with fiver fleeculation as 1t 1s invelved in the prod-
lems of cbtalning wexiaum fider diwpersion. I8 should ales Ve of ine
terest to exmmine briefly the published work on She use of save-alls in

fiver recovery and on cenditions knows Ve effect i2e maxiwas fider
flocculation desired th thie eperation.

Save-alls are essentially elasdifted into three Vypes:
filtration, sedimentation, and flotation W- The firet (s of little
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intar«at here, howaver, Yeonuae its performsnce ie not m'xch concemed
with floceulation affeota, Yith the seocond and third tynss, only
those inatrllations using chemical treatment to nid In the flocoulation
are of concern. Sedimentajion alene involves only a meschanical flocou~
lation of suspended material under gquiescent oonditions of flow, end

the lazs the agitation and turbulence, the greater the flosculation.

The initial developments in flotation save-alls used only
the introduction of emall alr Bubdbles into a tank of untrested white
water, or punped alr mnder pressure inte a portion cof the shite water
which was then rumped back into a bdateh tamk and the aly, on bYeing re-
leased, formed bubbles which earried the fibers to the surface (23),
Chemicals were not added to sid the flotation, and the condition
naces-ary for the adherence of the fiders $0 the dubdle interfaces
wan simrly that the contact sngle of the white water on the fiders ke

finite,

Some of the sarlier references $o the use of chenical ocoag-
ulants in alding white water pecovery (2L, 25) wnggested the use of
large slum dosages to the settling tanks, The alum then, prasumadly
forned large alumina flocks which coagulated the rlﬁr mechanioally.

tors recent experimentr performed by Bechtel (26) have in-
dicated that the adjustment of the DN of white water with alkelies
narkedly redused the -ozu{ ecntent of the eupematem$ ligquid. Yor
different white waters the iint- recovery 4id not always occomr at the
. same pi, the optisux value of -the latter dcbmd'lnc upon their olue

Y: minwm aontent. It is probable that at She dptimum pH the maxiwum
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Grasf (27) has diseussed phases of shite water sedinentation
As they affech the velaotty of fall of sol1d particles. He dsfined
thres phasest (p) free ssttling, exprassing the velocity of fall by
Stoke's law, (}) hindered settling, ustag sn experimentally Aetermined
relation to chtain the rats of settling, snd (g) eonc«g\tmtlon of
settled particles, the rate of which is expressed by a 4iffereniial
form of Stoka's law. Ke siated further Wdat, for the ecdimentation of
most vhite waters, an asid slectrolvis ig i-qn!;nd becanse the solid
particles carry afworbed negative ione pd._fqu: muin }ﬁadﬂw lons
for their precipitation. Therefore, J if an aq!d glu wore to be used m
tBe Deaters instend of the ueasl daslc alem, it {s laised tmproved
sedinentation would Be effeched. ﬁu statenent, hcuﬁr. is none foo
olear, sinee the basic papersskera' alwe comtains aly am ezoess of
aluminue oxide in addition to the sulphats of aluminum, mnd this excess
aluninum oxide flooculated in agueous nolutioi 'ould be pasitively
charged. Oreef aleo ocnsidered that the formstiom of flooks by the
addition of elsotrolytes, such as alus, ia s ronnlbio process, ine
volving sn isoelectric poing, and, henos, sars muet de taken not $o overe
dose, The effect af temperature on the selimentation of whits water
is sald to inerease th_a rate of ssttling of the particles mmd aceordings
1y, to improve the process. This inoreass is attriduted to a redustion
in the viscosity of the water with inoreased temperature and the more
rapid recction of the flsoculating eleotvolytes in waters of higher

teuperature.
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To increase retention, {mprove formation, and to make white
vater more sultable for reuse, Booth (2€) has sdvocated the aprlieation
of a lime solutioa. He has sugsested applying 5 to 20 lbe, of u‘l-»
cium hydroxide per Son of paper to the fam pusp on ﬂio machine, thus
utilizing the sxoess of almm in & siged stoak solutioa in produeing
a songulating precipitate. Although not mentioned, it would seen Shat
such use of 1ime would have to de governed dy the harénexs of the
»1l1 water. Booth aleo proposed that the formation of an alumina
flook gless te the point of shest formation was sn effeative sethod
Tor slowing up the dratnage, an aid, for exawnle, in improving the
formation with long~fihered stock. Lime was said to fyee the drainage
from stock that contalns no Alum. 1% was further suggeeted that the
water for ideal sheet tomtim; for rosinesived paper, is scuewhere
close % reutral, with as 11tile titratable acidity ss possible,
sompatidle with th§ ga\htlr&d. Tor paper where high bulk is wamted,
it vas regommended that the water darsying the stock have & pft above 7.
Presumably Booth considered tRat iyoxa-"f‘loocnlntlna sud hence a less
coamact shest is formed wnder these oonditions. As is evident, however,
from some of the previcus suggestiona made, pH 1tself should not be
the only factor involved in the flocculation, and consideration wounld
- have 30 be given to the amount of alumins, anions, ets., present in
the white water. Ales, if lime 1tself aided the drainage, the effcot

night de sttriduted to a fleevulation of she stook.

Investigating the sffects of chamisal trestment of white
water on the fider recovery from an Adka tyne flotation save-all,
Brecht, Ffherstadt, and Xilpper (20) reported the follewing results,
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The influence of rosin additions to the vhite water as a pretrestwent
wag most mariked as compared with the influence of dﬁ and esuetioc,
In the ocase of rosin, if the ame:mt added sxoeeded that necessary
tor optimum yield on the save-all, there was very little adverse ef-
fect on the latter, ut {f a limited mmount of alum or covstic was
exaneded, hb;n was & marked decrease in yield. A highly saponified
rosin soap was xuch more oftcétin in producing good fider rescvery
Yields than a high fres rosin size. In most .311 casss, it was ob-
sorved that the fider yleld was narkedly dependemt on the stuff content
of the vhite water. If the pereentage of filler ran much sbove 15
per cent, the amount of solids recovered by the save-all decreased
sarkedly. The offect of the saponified rosin in imereasing fidey
yields was assumed to remlt from ite action in reduding the surfaoe
fensinn of She suspenslior and from i4s action as a flococulant, The |
latter vas said to be dus %0 the fact that {t 1s adsorbed Dy the fider
and filler and in Ahis way the awecolation of the suspended particles
with the air hudbdles, likewise surroumded with a thin 1&0:* of rosin
noleoules, was Tavored., Why the flotation offect was slightly ime
paired by the additioa of too much size wee not stated. With regard
to the effeot of alus ad caustio the auihors peinted out that other
investigators have qu that the gelatinous alumina formed alds
in the. ﬂotatgon promu‘be"ed_guw}of au:'ngglomrauén agtion, Accerd-
ingly, omustic and alum should be added, depending upon the pH value
sf the white u“r.A n ‘thet o -M{iéient‘ aqimt of aluzina relative
$o the molide content of the Imtox_" {s present. 3Brecht, Fherstadt,

and Xilpner, however, believed the situation te bde more complicated,
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involving an tenelectrie point and charge reversal of the filers.

Anroach (31) haw described results obiatned with s lotstion
tave~all and the use of n chenmiacal ‘onage of rosin and alom to 214 in
the fNocculation. A pF value of 5.% tn 7 in the clarified water io
eald to be most dealradble, mméd 1t le considered that flscoulation te
nided Ty the gelatinocus alumina which hind the mrﬂé‘!na together,

Teuvvarature (¢ setd to Rave no influencs on fletation.

Cther remlts whioh indieate that the amownt of ahenieal
dosage affects the effielenoy of flotntion save-alls were siven by
Tindovaky (72). Too much, ae well as too 1ittle, size and alum a‘ded

to the save-all iwmpaired its cperation.

keeorfing to Buckedorff (I3), who deseribed the use of Sveen
mim{g‘lm 4n & ﬂﬁtatién eavs-all, cellulese fibers are easy to re.
" gover while recovery of the largest and finest frations sf mechanical
Pulo 1s more difficult. Ordinary clay 414 not offer any prodlem, come
teary to o‘omn‘ati_.una mede on other flatation :Aw—-alls net using the

Oveen g2lue,

Te s up, it {e aprarent that the factors affecting fider
floceulation in A save-all recovery svatem are not clways the sene,
Large dcoanges of alum keve brer affective in alding flocenlation and
erdinmiation in some crmes, while in others s reveraidie rrocess, in.
volving an iaonleceric voint, has been odserved and care Yar hat to
be taken not to overdose, T.ime hams baem added to the vhite water to

form all the alumina posaidle from the avallable aliminum present,
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and t:is has alded in fiber recovery, Lime alone has been said to
frae the drainage from the stock, but whether this wea a flocculation
effect could not de deduced, In flotation tyne save-alls, a1l chemigal
dossge of ronin size, alum, and orustic aided {n flooculation and
seneral e!‘*”iaiancy of the syatem, but in general core had to be takem
te prevent overdosing., Fi'lers were cbeerved to interfere with fider
recavery, except vhen a floceulating glue ;as used in the white water,
filigh teanerature was sald to favor flocoulation end fider recovery

in a sedinentation save-all while the effect was not obaémd in o

aave-all of the flotastion type.

» complets survey of the patent litersture concerned with
the develomamnt of mechanlcal arparatus used in head~lox and slice ‘
deaign to Introduce a well-dtaspersed stock nuspm?iou on to the paper
nachine wire hu.u' been gtvei;' By ﬁosa and Brynne (1). other prtents of

mtereet are concomud principany with the use of dispereing agents

A’ irr fiver aumenﬂona.

b

e Gempte (3&) has deucrihod the use of = dencetylated
karsya gua to Becara &004 romatinn in verious types of paper. The
necessity of deancetylaling the gum 1s sxplained, and {t is eugzgested
thut the physical character of the deacetylated product is due tn a
merked polarity of the aolacule., The maximum amount of the gum to
dlsperae weod Tibers is ;lven as 2 per gent on the dry fiber weight.
Tiolent sgitation or mechanieal aitrition of the Allute zum dlas-epsinn

is sald to markedly reduce its effect. In snother vatemt (7%), the
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method of making the descetylated gus hias desn described.

A progess of effecting agglomeration in pulp suspensions
by the addition of a small emount of matured enimal glue has deen die-
cﬁned in the experimental literature. iore complete details ave Ziven
" in the patent granted to X, Sveen (36). Olaims are made for improved
retention and white water recovery. The materials propossd to be
sffective coagulants in the presense of alum are animal k’tun. such as
goladine, joinerts glue, glue from leather waste, and fish glue, ae
well as albuminous substances such as casein. The storing of the glue
for several days at ordinary temnerature ie said to improve 18%s coag-
uvlating proverties. It is aleo apparently important that the active
subetanes de ranidly distriduted inte the diluted pulp and nos de

subjeated to any viclent agitation,

jumpary of the Literature

From observati ns made chiefly in actual mill ecperstien, in-
vestigators have postulated that the follnﬁng factors increass Tider
flocculation, or @dvomly affeds sheet tcrintlom rosin sising,
golatinous loadings, long fiber stooks, sppreciadle hyération, lov pi
values of white water or PN values above the neutral point (obt,uim@
| with lixne), and the presende of alyr. Bleaching, the presence of non-
golatinous leadings, low coneistemey, qd agitation in gensral, are
said $o decrenss flosoulation. There were gonflicting reports as %o
the effest of temperature on flocoulation, sad, o some extend, on
the offsat of the addition of alum and the effects of besbing.
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Drainage rates from puips have Yeen ghowa %0 Do optinum at
rather definite pX 'vaﬁﬁis which f?mt:'w invelve fider flooculating.
The use of sulnhurie acid rather than alum to mtétfy the etook in
such experiments resulted in a slower Araiaage ‘rate at he same .
Also, making the white water alkeline with lime in the absence of almm

was sald to free up the stoock dratinage.

The use of a Mmtytntod eolloldal gum, svyen in concen.
tretion as lov as 0,02 per cent, has heen proposed to ald in odtaining
“iber dispersinn, Vhether its action was dus to an inorsaee in the
' viscosity of the suspending fluid, or to a oolloldal effect altering
energy forces on the fider murfaces, 414 not seem to de lcnoﬁn. Matured
aninel giue wae reported tc have very favornble affesis on (nereasing
retention on the wire and a”feroting flocculation of fines and solids
in white uatei. but no detrimental effects on shest formation on the

wire, dues to fider floconlation at that point, were obaerved.

Vatting agents have not been observed to affest fider floo-

colation and sheet formation.

Laboratory obeservations kEave bYeen made on the flocculation
of ground wood fines and also on denten cotéon 1inters by the addition
of valvalent eleotrolytes in very small concentration or by the dolling
of the fider suspemsion. Other work on the flow of solutions through
pulp pads further indionted that eleotrolytes, dolliag mné steeping
of Tlhere, ste., may have an appreoiadls effect on the matting chap-
acteristics of pulp, and that flocculation effects may de involved in

sush changes,
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In white water treatment, where maxisum fider flosculation
te desired, large dosages of alum, oblained by introdueing considerable
mu of alumina into the system, seemed to flocoulate {lberm me-
chanionlly im sedimentation type save-alls. In flotation save-alls,
the doceage of aluw, as well as rosin sise and caustis, appeared to de
nore oritical, too much of the chemicals dalng as haruful as too little,

The effects of temperature and DH were again in queetion.

.



1T, PRESENTATION OF THMZ FROBLEM

To uiderstsnd the phenonenon of fiver flacculation and to
be able %o predict its effeect In v¥d™awe =~ ®ihaw digpersion and
sheet formation on the wet-ead of ‘he paper machine, in problems of
fiber dispersion in the pulp mill, and ia preblems of fiber acgloa-
efation in white water resovery, it sopeared toc;asm to isolate and
mlﬁt. the lindtvmm factors which proim this effect. iany of
these have deen disenseed (n the literature, dut it is evident that
the tnvestigators in this £1e1d have not resched the same conclusicas
as to the relation and immortance of each fastor to the PheRONNOn
a9 a whole, Therefore, it logically followed that equivment snéd
techniques would €irst have to be developed whicohr would allow anntrol
of all the variables involved, and at the same time would permit a
qualitative or, prefarably, quantitative measurement to bs made of the

desree and rats of fibvar Tlocculation,

tne of the firat reqmirsments in the developmeat nf equip-
nent vhich had to.Vhe considersd wnz that conatant reprrducidle cone
ditions of stook agitation hat to be obtained, so that this imrortamt
faoter in floceulation could be held constant, Two poasidilities
sugsested themsslves: (g) the use of a specifically designed mixing
tank which would allow complete dispersion of the fidbers, possibly
with the use of stirrers, and then permit measurements to be made om
the degree and rate of flocculationt or (h) the use of a large ver-
tioal glass standnipe in which fiber flocculation of a suspension

could he observed during 1%e laminar flow through the tube,
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In beth of these methods the measurs of the degres and

rate of flocculation might conceivadly de made (g) vismally, (D)
photogrsphicelly, (g) photoalnctﬂuur; or (4) by & combination of
rhotosranhie and photoeclectric teamiques, involving measurements of
the filn density of a photof:mhu negative ueing o scamning light
souroe, Othsy techn!quo which eould possidbly be developed to ad-
vantage in this work included tha foilﬁﬂon of handsheets under stand.

ard!zed ccr\dttuna with subuaqmt dntonlnat!on of formation, the
\'mu of uadlmntsunn rate or uﬂdlmmtauon velogity detarminations on
fihrans sﬁsgﬁat&mné and "gompactness® measurements of flo-culated

suspensions,

Tinally, it sesmed plausidle aslso to investigate, at lsast
in an cmloratbry manner, the role which the posaidle existense of
fibar-fiher adhesion forees play in the nhenomeneon of fider flocou.
iation., From previons work (¢t sesmad likely that in addition to
machanionl factors iuvolved in floceulation, such as the conditiom of
£ibrillation of the fidbers, sto., there was also the posaidility that
surfnoe energy foraes act on the fidbers, There was no iniication as
to what the order of magnitude of wauch foroes might be, but if they
oxist, thetir measurement conld best be carried out om a sensitive

torsion dalanece,
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IV, DEVELOPMENT OF RQUIPKENT AND THY EXPERIMENTAL METHOD

Vhen tha prodlem ef the developmant of equipment for use
in evaluating fiber floaoulation affects was first considered, twe types
of spparatua immediately sugzested themselves. 7The possidilities, al~
ready mentioned, inoluded: (g) the use of & glase tank and motor
driven stirrers to effect dispersion of the stoek, or (}) the use of
8 large vertical glaes standpipe in which flber floeculation of a
suspension could Be cheerved during 1%s laminar flow through the tube,

The firat of these, which would have deen the more simmle
in design and oonstruction, was never investignted, however, beosuse
of the noesible 4iffienlitise in revroducing sonstant degreess of ag-
itation, The proposed equipment was tq include only a glasz tank in
which fiber diepersion could be obtained by turbulent aritation with
atirrers, After the mﬁp Su! been Qiii;pnaﬂ; the stirrers aould b
stepped, and the aune md ntc of Nooconlation follawed vigually
oy protogmphtnuy. !‘m m«n of m mpmm vould depend on
how well aqnlnlont degrees of atmnion could be obuinca by the
turbulent stirring uﬂm. lu m hrbulnt fluld motion, flnid pare
ticles always move in an erratic and undetermined course, and as such
wouléd affeet the dispersion o!v the suspendad fibers. Reproducidiliey
cf dispersion can de exnected caly if the fluild motion producing it s
reproducidle. TFurther, in this type of "tank" measurement, which might

be termed an evaluation of “statio® flooculation, fastors affesting the
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fiber settling charmcteristics, such as thelr density, would have

an Influsnce on the rasults, A "dymsmic® method of measurement which
would allow the fibers to be notad unon by a gontinuous dut constsnt
and oontrolled agitation, and would permit the sbservation of flocou-

latisn wnder ectusl flow conditionsa, seomed wuch mere desirable,

Attention was thus centered on the develorment of the type of
equipment listed under (B) adove which would perait inveatigation of
*dynamie® flocculation as a stock suspension was sllowed to flow through
a vertical glase pipe. It will be recalled that somewhat sintilar sp-
par;tiu Rad iu.n propesed in the literature (19), but wss never de-

vclgped,

frel ixétxim muiddmtlpn indicated that optimum resunlts
wrgld most 1ikely be cbtained in a system in which controlled laminar
flow of a nll-dim'ﬁud' stoek suspension, free from eddy gurrenis,
oould be abgerved in a vertioal pipe. The initial dispersion could de
ncgompl ished by vigorous stirring in vome type of head-dox, the only
llalthg ocondition being that eddy ecurrents from the head-box would have

to be prevented from entering the observation flow tube.

After the stoek digpereion eniered the pipe iis flow would
have to be laminay, or so-edlnd *atationary® flow, to prevent the for-
mation of eddles within the tuds, and te iwpose reproducible conditions
of agitation., In the eancention of lamimar flow, fluid particles are
considersd to move along fixed paths, she velocity at any given paint

on any given path being constent. A closed surface of such paths,



usually referred te se stresnlines, aot as small imaginary tudes
throngh which the portions of the 1igquid, comprieing t);e total aross
ssction of the nipe, move. The relative velootltiss of the strerrlineg
vary, dut in erdinary hyiranlic vrdlems, invelvinz flow in nipas, the
fluid veloctity {s regarded as the averaze of the individual streams,
Hawever, when mdelike nartioles, such as napemakine fibers, ayve
susnended in o fluld, thegs relative wvrlocities are of sipnifigance
and, through viscous sotion an the fider surface, cause the latter to
rotate, the exaot motion {mparted to the fider 4depending onm t4s
orientation to the velocity gradieat. It ean Ve shoewn asthematically
(37) that, for appreaiable velooity gradients, fiders wnould tnrn end
over and with the apeed nf votattion Adirectly provertional to the
velocity zradient. Turther, two or more filars in immediate contast
and maving down ‘tho ‘tube, would tend to be pulled apart, depending wpom
the relative shearing forees due to the weloelity gradients which axist
scrarn the pipe, and the athesive forces, mechanical er otherwise,

whieh tend ta keep the fibers Sogether,

Accordingly, the conditions which may be vostalated $o
extat in & A{lute stock engnension flowing larinarly thromgh the ver.
tieal glases sbsarvation tube of the ovronosed "floceulation tester”
ineluder {a) the atogk entars the tan of the tude in a completely
disrersad condition and with a minimnm of »d4y currents in the 4Aie-
perving medinm; (D) as the disperaion moves down the esluwm, fiters
are acted uc~m hy visecous forces dne to relative motions in the fluid,

indivital fibers being rbtatod. moved about and Hrousht into contrat,



and groups of two or mors fibers which may be adhering together tend.
ing to be sheared apart: (g) at some point down the flow tube, the
number of fibers colliding with ench other and temding %o adhers will
exgeed the number being sheared apart and weporated by the fluid
hmtion and, at this point, fiber bun.chtnz or flocculation should de
observed; (4) elnce the ghearing forces will vary with changes in
1u14 veloeity in the tube, the flocculation peint will devend on the

law rate,

7o deternine th? faasihility of a vertioal pipe anparatus
of the nature just descrided, preliminary Sests were made on a tem
vorary, moderately small seale set-up, Trie consisted of a 7-liter
glass bottle whose bottom had bean removed, a l-foot length of 1 1/2.
inch dismeter Pyrex glaes tu-ing, n 3/8_inch Zate walve, and two
vaﬂa‘blo smpeed, motor-driven stirrers. The bBottle was moumted in an
' inverted position in a wood frame and connected with large rudber tuding
to the glars tuding which uolmu__tad vertically in a wooden surport
stand, The gate tnxv_e vas tnant;d in the dotton of the glass flow
tude, nsing a ono-ho’io rabber atanper. %The stirrers were ~ounted
a‘wn ihe._i;;iért_aa"bqttloﬁ and three Wv flov eveners were placed
in the neek of tﬁo vottle and exiendciyilp;;t}iau‘y' down into the glass
tude. Their purposd wep to eliminata oross sddy currents, arising from
the stirring action, from moving dewn into the flow pipe with the

suanension,

To determine the maximur flow rats psrmissidle in the 1 1/2-

inoh glass pipe, se that the oritieal velnoity would not de excesded
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ond produce the undesirsd condition gt‘ turdulent flow, the following
aquation war evalupted:

Y, ~B,u/édn.
vhore 10 13 the eritieal velocity, ‘v' the Reynolde' mumber, 3, the
viscraity in votses, f§, the pipe Alameter in centimeters, and p, the
f1uid density. A Beynolda' numbder of 2100 was uned (38), giving s
oritioal veloeity of 5,52 em./ses., or a maximum flow rate of 3775 ce./
nin, The ‘mtual flow rate used in any of the preliminary prorimh
never sxosedsd 1500 co./min., so that eonditions for laminar flow

always existed,

Sowcalled flocculation tests were mads with an undlsached
wot-lap Mitscherliek mulp and involved the dlsintegration of an a~
mﬁnf. of mulp required %o give the Jesired consistency in £.5 liters
of v@tar (wﬁtch was the caliirated volume of the nppamfnl), the
dlepersion of this stook in the glare bottle, and the adinstment of
the desirved flow rate with the gats valve, The discharge from $hie
valve was csught in a container, aud when sprroximately 1.7 liters
had pu:u@_ through the fube, this volume was returmed to the glass

botﬂ.'.

At the suspended stock flowed through the vertiesl stande
vipe at veloolties less than the calculated critical rate of flow,
flocculation of the individusl fiders Vo form bunches was observed o
take place at a definite helsht in the glase tude, depemding uvom the
rate of flow, the nt‘o‘akv conﬂ;tc‘mcyl. the émim« of alum in the Ate-

persion, and the sffeat of ‘beating. DNecauss of the crudeness of



controlling flow rate, the baffiing, etc., sone 41fficuliy was ex.

perienged in obtaining check rune on identioal conditions, dut marked
differences in floceulation charscteristics of the stosk axmoﬁu& with
the use of alum and on changing the consistency, so that the teckmique

seemed worthy of refinement anl apnlieation to a larger soale spraratus.
n 1 ()

A desaription of the cqui;mmt' which was finally develonsd
oRn best be given by the aid of a dlagrammatic skxeteh (Figare 1), and
an actual photogravh of the commletsd apparatus (Figurs 2),

The flecculation pipe, perhaps detter referred to as the
ohseryation tude, was sn B-foot length of -ineh nominal aigs Pyrex
glasa pipe, obiained from Corning Glass Torks, Corning, Yew York. It
was selected spocisl'ty for vimual vork, and was free of internal siraine

or imperfections whioh wonld impair visibility,

The hue!-imx mounted adove the observation tube wag conw
otmtoil of l6-gauge. -h_t;at soprer, Yeing 0 inckes square and 15 inohes
deen. A F-inck diameter hole emtoroi’in the dattom of the tank
~ served ne - sutlet, %oldared to this cutlet vas a 9mineh o T-inch
flansed comsf'f ‘re’:»duoo:’-. al;o wado “rom 16-gnnge sheet oonper. The
9-1mok $0 <inch veduction was scconmlished in an B-inch length.
Connection of the ﬂnngéd corner reducer to the glaea obgervstion tude
vas made with a flanged pip. Jalat famished by the Corning Glase Worke
and desorided in thoir Bulletin (35). In this type of Joint a eep-
arate caet irnn flange with an ‘naide diameter slightly larger then the

outside dianetor of the end of the flanged pips is mounted on the latter
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by means of an agdestos insert, A dlue fiber asbestos £nskat vas used
at the interface of the flamged glesz pire and the copper flange of the
head-box reducer, The two flanges wers pulled together with three

£/16 x 1 /% inek machine bolts.

The lower ond of the flocculation tude was connested $o a
second flenged ooprer rednesr, 3 inches to 1 inod in & inches, with
the sams type of flanged pipe Jolat. This was the start of the retum
flow piping system, whish included flow valves for the regulation of
the flow rate threwgh the chbesrvadion tude, a ealibrated €lass oylinder
for directly measuring flow rates, sméd a small oentrifugal yomp. The
detatle of the system are shown in Figuye 3.

Hers the lower section of the observation tude is shown at
(4). the flanged glass to copper joint at (B), snd immediately below
thia tha‘ wmall voo)mer reducer. The piping (L) carrying the flow from
the reducer ta leinch copper pipe connected with Mueller streanl ine
brass fittings, Theee fittings are machined with an inside ahoulder
to matoh the pipe dtameter and wall thickness, mnd vhen the solder seal
is oompleted, the interior of the pipe and fitting 1e of mifom aln.‘
Thiz was of advantage in preventing stock from "hanging un® and ooe
cusulating in tees and elbows, snd pernitted very rapld cleaning of
the aquipment. The use of copper pipe and f1tsings, as well as «
corper head«dox, was necerzary to provent corrosion and the introduetion

of extraneone metallie ifons into the systes,

Continuing with referenes to Pigure 3, at the bottom of the

observation tube snd small eopper reducer, not readily visidle because
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of its mounting in the wood support fraws, the piping system wae
branched with » tee leading to a drain pet-cock (D) an? the maln flow
-Yine {¥). The latter was thea carried up T fest vertieally to a
sec-nd trr () and a l-inck bronze gate valve (C). The ter narmitted
the main flow line to be tapped with an intercenting discharge nipe

(R) lending t0 the sewer, This discharge line wam ~f T lU-inch vipe
and had a shut-of? valve located at (J), not readily seen on the vhotow
grarh hecanne of its position dehind the glass mesnuring cylinder (J).
 With thie sewer valve elowed, the main peturm flow from the cbservationm
tnbe procreded up through gate valve (§), need omly for complete shut
off vurposes, and into a bronse redueing fitting, l-tneh o 1/2-ineh,
This fitting was gonnacted to a glase reducer (X), 1/2-inch to avnroxe
imately 1/U-inch, Yy memns of rubdbsr tuding. Mow from the reducer
then passed through a spesially ground glass e¥op-cock (L) used to
sontrol the flow rate. The inside dlameter of the stop-onck was /16
inch, Pror the stop-cock, the flow passed through a second glass re-
ducer (¥), 1/Matnoh to 1/2-ineh, and at this point its direetion was
reversed with 1/2-ineh rudbber tudbing connected to the glass reducer (X)
and led into the glasr flovw mersuring eylinder {J). It te to be noted
here that the 1/2-1110?:‘(1”: tuding (%) which was used to lend the
flpw into the bottom of the calibrnted glase oylinder, was onen at its
lqwfr amd (not quite :thﬂnu"on P”ts:nre 3). Zerce, a frer f1nid surface
q_.lwnarn exinted in the glase eylinder, \and the columm of the Clutd
a,mﬂd to ,hp“rﬁom e hoad on the gu;tlm end of the small ocmtrifngal
pann (0), The latter was an a‘,i;! bronse east, oven impeller typs pump,

¥ith a lional metal shaft.< It was rated at 5 gallons per minute azatnst
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a 2=rfoat wo.‘rking head, and was Artyen with s 1/4 horse power motor

on o Jirect comnacted shaft at 1725 revolutions per minute, The dieg-
ghargs from the punp was piped directly up to the head-box. In this
reatum line there was a shut-off gnte valve (B) to throttle the 4le-

oharze rate of the pump,

The fact that both visuzl and photogrsphis detarminations
of the flocenlated oonditions of the fibers was to be made neceasitated
wriforn lighting of the emtlre Z-foot glass observation tude. This was
accomplished by using a battery of 5 1igzhte, moumted in a diffusing Yoz
vhick was nloced along-side and to the right of the observation tube
(nee Figure 2). The 1ights in the diffusing box were mounted sufficient
ly vell back in the box so that any direct illumimation. d1d not reach
the glass tube. Direot {1lumination was undesiradle becauss of the
marked refraction of the images of the light source by the circular
glass tube, A black matte, 21ffusing surfase was mounted direetly be-
kind the obaervation tube, and guve good contrast to .tho fibvers viewed
ty reflected 1ight. 4 dimgrammatie, cress-sectional sketah of the

1ighting arrengenent ¢ shown in nhau-p perspective iz Figure b,

For visual purposes, #isrht 100-watt Crogted glass dulde
were uzed in the &iffusing box. ¥ren photographs were taken, tha atd.
d1s eix of these bulbs were replaced with 500-watt vhotoflond lawpa,
Additional {lluminatien of the “locculation scale was not necezsayry
when visual evnluations of the flocculation sondiilon were being made,
but “or the photozraphs, one 500-wett photofland light war placed on

the flror, directly below tha glare colwmn with fts 1ight reflscted
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vertically upwards, Thie elininated any sericus refleotions. of the
light soures from the Qimlar glase pipe,

Tigare b
Lighting Arrangenent - Flooculation Tester

“ N
Block ||l > )<\ /!

vatte —

Surface _ \ A/

The total volume of water coniained in the flocoulation tester
was 55.6 gallons at 15° C., or 46N £ 1 pownde. Mhie amount inoluded
12.7 inches of depth in the head-dox, the satirs volume of the reduosr
on the head-dox, the ohnrvatiéa tube volume, and the volume of the
retum flow systeam, inclusive of the % liters of the metering cylinder.
The volums calibryation was carried out with tap water at 5° G,

The metering cylinder, (J) in Pigure ¥, was calibrated with
diutilled water at 250 0, to oontaln 7 liters, exclusive of the volume

of the glase inlst Sudbe. The cylinder was used to measure the mean
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velooity of Nov in the observation fude. After the stop-cock in the
retum flow systes had Yeen adjusted to give aprrorximately the desired
flow rate, the gate valve balow the calidrated glas: oylinder was clowed,
The complete valume of flow through tin observation tubs was then ree
tained in the oylinder, and tiwing the flow of 2 1iters permitted sud-
sequent oalenlation of flow velocity. Immedlately after the fluid

level passed the I-1{ter zraduation mark, the Iom'vr gate valvn was
reopened and adjusted to "bleed® just sufriciant of the stnok suspension
into the suction end of pumn as iaa recessary to maintain the fiutd

level at approximately the 1 1/2«liter mark in the cylinder,

The necessity of maintaining laninar flow in the vertieal
obasrvation tube has alresdy been discussed, Laminar flow in nipes is
1inited hydranl ica‘lly by the critical welocity. If she latter is not
exoesded, flow through any varticular system, for which the eritieal
valus has bdacn oaloulated, will de nolivt:;buiint; or !.uia'l"r.- Ac siready
glven, the relation expreseing erl,ti,gal veloclity in eiroular pives in
terme of the Reynolde' oriterionm, xc' . absolute vi.céonlty, 2,  dismeter

of the tubs, 4, and the fluld Semsity, p, iw
Y. =3 -n/8'2 .

Yalues for the Reynolda’ criterion depend on ke particular aystem

mnd olrcumetanaes in questiom. ‘Yiowewver, the wvalune of 2100 for cirvcular
ripes has been given as an sdselutes minleum (W) and, in the absence of
actual flow teste on the system, a lower oritical welocity can bde
safoly caloulated, naing this wvalue, ¥sr the l-inch dlanetear glang

tube of the flocoulation aoparatus, the oritical wvelecity s then
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0.090% £%,./eec. which correspords t¢ a maximum flow volume of 7,56
1iters/nin., or a flow tive of 24 seconds for 3 liters. Only in a
faw excertional cases {n the experisental work was this flow rate

exceeded, asssuring viscous or lazinar flov for all oonditioms.

Rxperimental Procedures for Flogculation Rxpsriments
Detailed Routine Progedyre

Ths standard prooedure adopted for meking a ﬂocouhtlpn
run ooneisted of $he following steps!

(a) The flacoulstion arparstus wae filled with Wh £ 1
pounds of water (a nhtinly hard t-p water fyom thae City of Arpleton
mains wmless othervige specified) to the calibrated level in the head-
dex, | | o o

Q) The hnpmturo of the up water vas detween 5 ans 10° C.
as 1t was n-ovod fro- e u!nu. ‘and’ far rens made at the standard
Sexperatere of 23° C., 14 wae necessary to wars the water., This was
done indireotly By using a eteam coil iq the head-dox. 7The water was
circalated in the apparatue while Weing brought wp to standard tem-
peraturs, as $his aided tn the elizinatioa eof dissolved atr 11berated
during the warming eperation. Variations iz actual temperatures from
the values specifisd in any exveriment vers generally within 2 1° C.,
with occasional maximme variations of ¥ 20 C.

'(g) The amount of pulp to give the desired consistency im
$he apparatus m woighed ocut, and -umd in two literse of water for
7500 ‘revolutions in the standard 3ritish dlsintezrator, Adeserided in
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the TAPPI Standard Method, T 205 m.36. The &isintegrated stock was
then dinpqijqqd in the head~box Aftor a sanpls of water fyom the latter
had been removed for a pR Astarmination. The etandard comsistenay vhich
vas used, as the effect of other varlsbles on flocaulation was in-

. westigated, wes 0.01 per esnt. 7Phis valus was indiested by prelininary

experiments as optimua for the purposes of the vimal odservation.

. (j) m b high—cpnd oﬂrron in the head-dox were then ald-
Justed as well as possible to s constant epeed by sotiing the rheostat
controls so that a constant fixed resistance was always in sertes with
sach motor. The actusl speed of the stirrers was such that they set
up aprreciadly strong turbulence, effecting adsolute fider dispersion
in the head-dox.

(g) OChemicals, 1f required in the shiite water for a particular
ran, ware added at this point.

(£) The complets furnish was then allowed to eireulate for
at least 1% minutes, mnd a second sample of shite water withérawm Wy
pipetts for DX determination, If she addition of chemicals was expecied
to chengoe this latier value. A TO-mesh wire soreen, formed inte a
thindle, was used to soreem out fiders from the pK samples.

(g) The tesverature in the hesd<box was checked and resorded,
the stirrer speeds chevked, and the detemmination of the floeomlation
snd-points them degun.

{(3) ﬁnlmiiom of the focoulation end-points were nade at
specific flow rates in the obmrmupn tuda. This end-point may de
defined as the positinn domn the odeervatiom tude wvhere definite fider
bunches could be seen, as well as small portioms of the dimnersing
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meldiom which were fevold of fibgrt.r Avove this point thers existed
a relatively complete degres o!“; disperaion o? 'tl'zt fivers, while brlow
the eomAition "mo' one of defirite no‘centg.tloﬁ« Yisual obeervation
was mnde with the observer et-néing ﬁ.ppmxuiiuiy 10 feet from the

gleze tube, unfer eptimwm oconéitinne of 1llunination,

(1) As praviously given, the flow rate threwgh the cheere
vation tubs war adjusted with the stop-coak gontrol. Further, for any
given conditions, only that range of flow rates was used whioh gave
floconlztion end-poinks between 10 snd 5 unite on the arbitrary
flocculation scale mounted alongride of the ohaervation tude (pen
Tipure 2), The mesn veloolity of flow through the latter wae determined
3y measuring the time for the flow of 1 liters of the stock susnension

into the orlibrated meapuring eylindsr, and using the squationt

Y3000/ 727 = 64.93/T ,

whers ¥ is the mean velocity of stook through the oheervation tube in
centianetorn ver ssoond, p i the radiuw of the observation tude, and I,
subsequently referred to se the flow time, is the tize in secrmdw, for
the flow of T liters of suspension.

(1) Two dsterminations of the flow time for any given stop-
cook setting wers always obtained before any flocculation observations
weye mnde. A third deterniration of the flow time was made after the
flocoulation end-voint had been evnluated. Thie latter step was ad-
visable, minoe occnetrnally a soall fider bunok wonld octch in the stop-
ocock, particularly at the wary low wveloclities, thus changing the flow

value an? the flocculation ende-paint, If all three values of ‘he flow
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C tlme agreed to within & 0.5 seaond, they vers averaged to give a value
of I, used fo caloulate Y, the flow velooity, in the esquation gilven
above,

k) After a de:inito and oonatant flow rate hnd Yean cares
- fully set and determinsd, at loast seven separate esiimations of the
flocculation snd-point, descrited in (B) above, were made during a
period of .;pproxlunly five minutes duration. These seven values,
necanssarily sonewhat subjective in nature, always acx?oci %0 within a
naxisum range of ffn units on the flocoulation scale! usually the
. agreement was better than thie. Five units correspond to 10 (nches
on the 8-foot scale. The seven readings were aversged and recorded
as the floéeulntlun wvalue for the spesific flow time,

Q) M Yoast VYen snch flocoulation end-points, yarying de-
tween 10 and 35 uﬁiti on th.o soaie, ian Aouutmﬁ for snch of ten
speeific flov Yates. Thege data then permitted oaloulation of =
uthm‘ie@l' relotion between the floctulatfon value and the flow
welocity, the datplls of which will be dillorth& in a following section.
| () Photogranhs of the obesrvation tube for a persanent
visual record of specifiec ﬁ&mhiim conditions were usually taken
aftor the visual cbesrvations hat deen made. The photogravhic de-
Salle are given is the following section desariding specifie procstures.

{n) After necessary svaluations of the degree of flocenlation
had deen made both visually and photographically, a final eample of the
vhite water was withdram for pH uaMt. and the Sempersture in
 the hn&-boi recorded. Also, two l-liter samples of the fider sue-

pansion wore removed from the head-dox, sach sample frem a different
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position, smd wers filtsred through tared Jena 1-G-1, fritied glass
bYottom crucidles. The filtersd samples wers dried to sonsiant weight
at 19 C,, ziving a cheek on the consistency of the stook suspension
used for the partigalar run.

(n) Unless a time factor was Being investigated md {t was
" frecezemry tn leave the stock tn the head-dox, the squipment was drain.
o4 to the sewar after each run, and thoroughly cleaned dy flushing -
with several charges of water. To preven$ any hard water scounm from
Arying on the interior of the glass tube, the latter was always flnally

rinsed down with distilled water.
Soeeifis Frocedures

pB. Detemmipations. Al pF deterninations run on white water
samples wore made with the glass elmctrode oalidrated againet ¥/20

potassium acid phthalate buffer solution. MNeasurements were always

pade at room temmerature and were sccurate to within 0.05 pii unite.

Consigtency Messurements. As alresdy descrided, conristencies
of the individual runs were checked by filtering two l.liter samples

of the disneraion and detarmining the oven-Ary weights of the fider
contained therein. The standard consliatency, at which the malority

of the flooculaticn yuns were made, was originaﬁy selected as O.01

per esmt. Nowever, the average conelatency of these runs, determined
from the saxples removed from the head-box, was eolightly lower than this
value, This 1e accounted for by the following faote.

The stendard Talp, an unblesched svruce sulphite, wanm stnred

in a wet pressed condition in an alretight, S-gallon glasze jar. Three
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suceerssive nonthly molsture teats on this itook gave 24,7, A.h, me
24,7 per cent oven-dry mmln, indienting very 1ittle changs in molature
content Auring thia neriad., On the bamisn of the ealidrated volume

of the flncculation tester vhich conteined hEk pounds of water, and

the 2.4 per ommt ovenedry wulp figure, 3.5 grane of wet atcok was
nged Tar ssoll ron nade at' the at=ndard consistenoy, The 25.% per cent
oveti-drr ¥nlng vas used beasuss the majority of rms ware mads within
the month fo\“‘.‘;’!!ﬂﬁ th.is mi‘-’ai'cu‘!ur nolature deteywination, Yowever,
the total of two consistengy sar~les nade for each nf 29 runs, all sat,
vresumabdly, the nmze qtnntvdm'nuy, gave the sverage coneistency valune
of G.0037 ver cent, This would indioate fthat the maisture contend

of 75.7 par gent odtained Pnth before sad after thess runa were mafe,
was the more accurate valus, and acconnte for the ¥ ner cent variatiom
of the average aonsisteney fronm the intended walne of 0,01 for all

29 runs. TMis 2light diserenancy te of no sigmificance o far as the
resuits of the floconlaticn rums are eoncermned, sxeent that the standard
consistenay ia %o be vegardad as 0.0097 per cent with the averasge ner
cent deviation from the mean betng ¥ 1.4 ner cemt. The marimuw per cent
devintion fyrow the mean of any two consleiency samnles for an individual

ron wes £ .3 per cent.

Posorynphie Teghnionan, All vhotogrants of the abaervation
tadbe ware taken with an ¥ x 10 inch wlde angle protar lens with the

aperture set as £.12.%, Supersmm~2!tive vanchromatie fil=, £ x 10 incghes,
and an expnsurs time of 1/25 seeond were ueed. 1% wan neceszary to

employ this pnther skeort exposure to *stop® the fiber flow and nreveat
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dlurriag of the image, ¥Yith the "dark field" {1lumination that wnse
necessarily used (gge previous seetion on description of squipment)
and this oamera speed, the entire negative, except for the portion
showing the observation tubs, was much %00 thin, WHowevsr, since all
that was required was good definition of the fiders in the tude, the
aegatives served thelr purpose. Develoriag of the latter was done

in the Y-solution pyro developer, D-1, for ¥ minutes. Frints were
made cn nuaber 2 Azo paper, the general procedure teing to ever-expose

and under-develop to overcome undes=iradle contrast,
atment of Data. 1 n of ¢ ulation Index

The method of socuring the data giving the variation of
the flocculation wvalue with flow rate through the obserwation tunde
tas already been desoribed on nages LU-f which gave detailed pro-
cedures, The variasbles measured directly are () the flow $ime for
three 1iters of the fiber suspension, I, and (}), the flocculation
value or arbitrary Qcalc roading connoting distance dowmn the odbservation
tude at whioh fiber floocks were definitely formed, Prom the flow
time, T, the flow rate or the velocity of the suspension throuzh the

observation tudbe, can %e calculated, using the equation:
1 - 6}‘993/ I .

To show how a pathematical relation between ¥, the floc-
eulztion wolue, and ¥, the flow velocity, was obtained, Table I, which
glves the basic and .ealgulated data ysed in the procedurs, is pressnted.

The éats is for flocculation run no. 11, ziving the flocemlation



characterietica of an unbleached spruce sulphite stook dispersed in
tap wator at a pi of 7.12, 0,D0101 per cent sonsistenoy, and ot &

temnerature af 259 O,

Teble T

PLOGCULATI N 2T NO. 11

Unhlenched 3pruce Sulphite Stock Consistency 0.0101%
Top ¥ater, p¥ 7.1 n’?atm&afmsa B
Temperatnrs 250 ¢

I E 4 a
(eec.) (ard. (- PR | Y oY (log,, ¥)° log I« log, P
mite) o %Kp 10 10 o=t 08 s

&5.5 19, ,000  1.2788 .,70kS . 0000 - NOEE
52, *%.2 1.2 1.wmh 05,0068 0093 0,152
b0, L 1,612 1,986 fLo0M Ol30 0,7M0%
117, 10,2 A2 .01t L1301 +1063 - 7170
50,8 21, 1.279  1.317  0.1069 01k 01056
g4.5 14,6 LTE8 1.EWE -1ty o1m -.171%
h3.2  27.8  1.50%  1.MM0 01769 0113 0.25%Y
106.2 12.9 £12 1.1106 - N% 056 - 2172
7.6 21,6 1.127 1.7W% 0,081 L0027 0.0671
28,1 1h.6 73 .64 . 1128 0176 - 1546
117.5 10,k EEY 1,0170 -, B2 L0662 - 2617
6.6 26,6 1,193 1.bakg Mk L0207 0.2052
8.5 19,7 SN8 1.9 ..0232 L0008 - 0300
95,8 1k b €80 1.158%  -.1€78 0880 -.19k0
1. 16.6 Lhh 1.20m .. 0791 D06 - 0968
12,905 - 5152 5020 -.129h

fointe of flocenlation vare visually sstinated Tar fifteen
di7ferent Mow velneities iz the range of 0.5 to 1.5 contineters var
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seconl, Colunn 1 gives the astual flov time in sesonds for a I-liter
Yolirae 07 the fiber suspension; colmm Z is the MNoeculatinn senle
reading; colum T gives the velocitles of flow ealculatsd from the
values in colosmn 1. The remainder of the oolumn headings are self
explanatory, sud are tadulated since they are used in subesquent
calqulations. Suemations of the last U columns are given at the bdottom
of the t_@bl‘-. | |

. Plotting the flocoulation values, §, as ordinates againet
the aotual flow time, 3, m.o, sories of polnts which sppesred to

Yary as a power function of t’h tyvet
. - i o
LAY B SN ¥

,K_l and ;2 being constants with the latter having a negative v.tdu.

It 18 intaresting $o ;adte that plottinc"tho flouculation values glrectly
'..mn'._c Y. the veloclty, rather than ths flow time, §, would at first
appear to glﬁ s lineer ralstion betwsen I end V. It equation (})

expranses the relstion of F sad T, them sinee
I-6b93/Y , (2)
the following ecquation resultses | |
| B8 YL (3)

Yith this latter relatton, if the pover aomstant, K, 1e a negative
surbar Yatresn O smd 1, it fe posaitle that ¥ sand ¥ would appear to

vary linoarly within & 1limit~4 range of values.



Tre adequaay of nﬁm& the power function given in equations
(1) ené (3) was cheoked by plotting I againet both T snd ¥ oa log- “
arithale codrdinate paper. Since stralght lines were cdtained in doth

onscw, the relation was deemed suitsble.

The values of ¥ and ¥ were fitted to a curve dy the method
of least squarss. Taking the logarithm of deth sides of equation (1)

resulta ing
log 2= log k) ¢ Ky log 64,93 - K- loe X ()
or logZwX, ~-X,-l0g Y . (£)

This gives s Alrect linear relatinn Yetwsen the logaritiae af 2 amd Y.
Sinoe ¥, ¥, and Xy are necessarily positive numders, the usual =ethod
of fitting a line of the tyve, y = 2*+Y2°Z, by lenst squares can de
used. This sntails solving the nomﬂ equations to odialn tha conmtants

;e and 5}. Trese squations aret
E;0 21 -ky Zlog Y= Slogl=0 , snd (§)
K+ Zlog Y - Kpe T(log 1% « Thog Y- logZw 0. (D)

Referring specifically to Table I, glviag the data for rmn ne. 11,
the normal equations becomes

15 Ky # 05352 K, - 18,905 = 0 , and (8)

-0, KT%D g, - 0.402 E,+039h =0 ., (9)
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Solving (§) and (Q) simultanccusly zives:
[2 w 0,901 , mmd
By=1.2 ,
and the u};tioa between '19¢ 2 md log Y Lo o_kfprond in the squation:
Yog I = 1.25 + 0.501 log Y. (10)

The data of Teble I 1s plotted in Vigure 5, asd the gurve defined by
equation (10) fitted to the points.

I the relations betwssn the flocculation values and the
flov velocitles are eetablished for varicus conditioas, it seemed
Plausible from results odtatned en ‘bmunlnuy sxperiments to expect
Shat the degres of flocculatisa in each case oruld be characterized
numerionlly by the parmmeter of the system, _!3. Whether the first
derivativa of the log-lag relation, or the slope constant, 52. would
| be aonstant for all conditionn was somevhat a matter of conjecture,
| It was odvious not to sxpect it to approash serw or one, dut it alse
1 seemsd Trobadle that smaller varfations, greater Vham might de attriduted
to sapsrimental arroy¥, could have some sigsifiesnce with regard to the
nechanisn of fider floosulation. lMore of thie point will de -Qntion-d
vhan the results warrant it, |

The paraneter, 53. of the pover funotion relating ¥ snd ¥
has been termed the dfispersion index. It is a pure number, inversely
proportional to the degres of flocaulation odeerved wnder giver cone
ditions in the flocculation tester. In the Aleoussion of results, 3he
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data of all the experimental work will be presented graphically by
Plotting the leg-log relation between Z sad ¥ giving the constents of

the equation.

rhotographs of speoific flooculation conditione will alec
be nresented in the dlsonssion of remilia., When obtainable, the
flocculation value for the snecifia flow rate at vhich the nieture was
takon will bo given, but it should de remembered that this value, as
woll as the nhoto@nph.‘v are not as rovrassantative of the avernge

floconlation oondition as is the Adispersion index.

Yagtors Influsnging Flocenlation lesgurements

Gefore completing the discussion of the flocculation tester
and aertvnds of procadure, it ney be well tn consider bBriefly the
mudjective nature of the vigual end-roint, as well as the effect of
the baffles in the headsdox on the flocoulation, the effeetl of utirrer
speeds, and the effect of a small change in etQﬂa rreesure head

ocourring during weasurements of the flow rate.

The visual end-point of floseculation, as 1t was observed
in the Ag‘!.n,sa tube, has already been 4dascrided. »Ga,ufnl standard.
{gsation of thia nart of the nrocedurs was required to slininate as
mach suh netive srror in the measaurensnt as poesible, It wag €orund
necangary to view the flocomlation tube from at least é Alatance of
1" Zent, so that the entire tude could ba seen in nerspective. To

asatzt furthor in obtalning this latter conditlon, 1% was 4asirable

to Lave the oheeprver turn his Lead through 209, sand make the odservatinme
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with dath eyes in the same vertioal lime. The amd-point was then
SJudzed as the position above which the fibers sppsared rsasonsbly

well dispersed, and below which definite floooulation occurred. This
uade it necessary to limit the range of flow veloaities no that the
endepoint d1d not ocour sbove 10 or below 35 units on the flocoulation
scale, since at these values tht'_u w@t oth dtspersed and flocoulated
stook ahove and helow ouh of the luttiu md—poinn. In un of the
firet yune mads, nﬂcc'auuon nluu m ‘the. mtoa of %0 were o‘bh.lu&,
dut Shey showed much poam correlation with tht mmu 4ata than 414
values above 30, Therefors, the limits of 10 to 30 or 35 scale wnits

wore imposed.

Care also had to De exercised in Judging the floecmlation
‘end-point in d1fferent runs exhiditing videly &ifferent degrees of
dlepersin. Yhen very marked dispersion existed, wuoh as that obtained
with the uddﬂloa of & emall smount of alum, the largest fider flocks
thet formed were very wuch smaller tham those ollained, for sxasple,
in the case of a fider and water Algnersion alona. In the latisr cave
the flocks may have been of the order of several eentimeters in dlaneter,
while in the former case they were only one=fifth to onesthird this
sise. The flocculation endepoink, however, was always Judped, not dy
the 3190 af the fider Bunches formed, but as that poiad above shich the
fiders sypeared dispersed relative to s floooulated comdlition existing

below the emdepoint. Thms, In the case of the marked dispersion ed-
| Salned with alum, the degree of fleaculatien at aay givea end.poini
would not have been as harmful to the formation of & sheet as that
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smount of Mooculation occurring at an end-point ohserved in the case
of a fiver-water dispersion. This nay mske fer sone inoconsistenoy
in 'nlaeive values of the flecoviaticn indices, but it was the optisum

procedure with regard to obtaining reproductbtility of results,

Tre baffles in the head~box had to de carefully arranged
to giva the optimum comdition, Obviously, two eouﬁlcting nperations
wers parforned by first dlspersing the fibers as completely as poeridle
with » moxisus amount of agitztion in the head~box, and, second,
attampting to baffle the atock flow sush that no eddy cnrrents Tollowsd
flown into the cbservation tubs. The optisum condition desired was
the introduction of a complately Adispersed fider suspension, flowing
without esdy gurrents, inte tho glass tude, The firat attemot tc.odiaia
this aondition was quite wnsuccessful. The reducer, somnecting the
hend-box with the observation tube, (gep Tigure 1) was comrletsly
Aivided by vanes into & flow compartments, the latter extending partially
down into the glass tude. ZRather than eliminate croas-nddy currents,
however, as thai wars intended to do, the vanes prefersatially direoted
large stresaing eddies from the stirrers direcily down iato the ob-
servation tube, causing very nomunifors flow at this point. In addition,
becamase of a carrespondingly elower flew in other compartmenis, stook
tendsd to flocculass botween these vanes and them later was maved down
into the odservotion tube, causing very nonunifora conditions, This
typs of barfling wae finally discarded, and a oircular daffle was used;
this wes placed in the head-bax cowiat,dj above tl_m nmor. As
already desarided. Although very small eddy ﬁmtn ocaasionnlly
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‘moved down intr the obesrvation tude with this arrvengement, thay com-
pletely dled nut in the firet 10 inoches of the tude and &id not

appear to sffect floceulation resdings.

Bince the ba‘fles had to de carefully aAfusted tn eliminate
eddy currente in the observation tudbe, i1t is seen that the stirrer
spesds rleo required careful attention, Ae already descridbed, the
rhecatat controls in eeries with the motars werec alwayes sel at the sane
value at the start of each run. TFurther, the stirrers were slways
allowed to ran for atout 1/2 hour te wars vp huu-iul. ete., 8o that
they would be operating at senaibly emutun mnas during any mm,
Hoawever, much was to be derired of this contysl. Ocoasinnally erurioue
remalts would arise, whick cm'd well have been attriduted to varistione
tn etirrer sprefe hringing edout greater or lesa turtmlerce in the
head-tox and thus affeeting the degree of Alsnersion of the fiders
enteri g the observation tube. A desirable improvement in the present
apparatus, in this respec$, would be the use of small induction motors

to Arive the atirrers.

Tinally, mention might be made of wnsll variations whieh
oceurpred during the measurement of flow rates in the observition tube,
It will be remembersd that the latter was ascomplished by intrndueing
the entire dlscharge of the observatlon tube into the bottos of an
ruxiliasry, calidbrated measuring oylinder. A‘n‘ ‘the' ey? ;ud_b: ﬂtlvd"“np
e small percentage chemge o~curred t'n the offective hydvostatic Sn& ‘
producing the flow, TYor exzaple, at a flow rat-o of f‘ £r6. centimeters

per second through the sbaervntion tn’be. the total average time for
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3 1iters flow was 94,5 seconds, The first liter was delivered in

0.8 ssconds, the seoand in 71.%5 seennds, and she third in 32.% seconde. .
Thene 1\ {feronces ﬁuld ancomt for about a 5 ner cent waxinum varlnti‘m
in the menn flow welocity in ths abeervatlion tube, Fowever, this
variation ir 1taelf wasg of no signifiomnce in rltering the floceu'atien
snd-noint since, as will subesgquently be seen, the latter could net de
reproduced within a smaller liwit of error,. Purther, any vossibilisy

of error wrg eszentially slininsted by setting the 1ligquid leovel in

the measuring oylinder at the 1 1/2 1iter mark during the time flooe

culation observ-tions were actuvally being made. .

Gonetruetion of a Toreion Bslsnce for the Measuyement of Fiben-Fibor
Adhenion Forceg

Because of the nosyibility that athenion forcea mey piay
a4 role in the phenomenom of fiber flocculation, a toreion balance was
constructad to permit thely measurement. 4 disgrammatic sketch of the
balange {8 shown in Pigare £, and Pigure 7 gives a gensral view of

the equipment.

The Balange consisted of a go;td striv torsion ridhon,
sinidar to those used in N Arsomai ‘.imu nhmcng;t‘o'ra.f vhich had Demn
rolled into » ﬂat]!ijrlipl Prom N,0NK tneh diamefc; wire, Thia rold
suspension, soproxiantely 13K énfatimétnn tn Ienzth,wm mﬁeqtod
8o en wrer suspension mounting by mesans of a small encknt and aet-
screw, qhmin at B, Migare 6.‘_,‘ The vopar suspengion ibe!.bﬁ? 0, was

capable of being slowly rotated about its own axis by a2 motor-driven
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Figure 6

SKETCH OF TORSION SUSPFNSION MOUNTING

Por Measurement of Fiber-Fiber Adhesion Forces

Motor driven shaft

Double Worm gear reduction

10000 : 1

Reflecting mirror
= €

5,320

B

0.0015 inch Gold Strip D'Arsonval
—— type galvanometer suspension

(This entire suspension and gear
reduction mounted in brass frame
and then in glass balance case.)

Small coupling

Reflecting mirror

\&\

Platinum saddle for
7 mounting glass arm

~ Glass tube mounted on
A -=— copver plate - 350 cc.

‘§\\\\\\ volume

~~~_ Fibers mounted to removable

. glass arms with DeKhotinsky
¢ LI
H £
2.1 RN Motor driven shaft




shaft, comnectad to the rod threugh a double wopm gear roduction of
10,000 to 1. Aw will be describsd leter, the procedure finally de-
valoved for making ndnasion force meamrsments 414 not require nove- -
ment of th:ls uper suspsnsion, but the equin-ent was deaigned in thie
narmer Tor flaxidilisy of operatimm. A small reflecting mirror was
mounted on the upper suspmsion rod, and, vhen neceseary, allowed the

angle of rotation of the latter to be measured using an ontical lever,

At the lower end of the gold strip torsion wire, 2 platimwm
vire naddle won connected br means of a vary small brase coupling,
The saddle, when {n position, held the wvwper glass arm (gpq Figures €
ant 8) ar thr emd of which was mounted one of the individual fivers
ured ‘n the mescurement, The W!" Elass aym was sisply 1atéd in
vosition in the saddle, this giving smple rig!élty. for makiny the

neceanary moasurenents,

T™he platinum saidle, after bVelng mounted on the end of the
go14 torsion wire, himg down inte 2 gjlnss-qoppar oell go that, when
the latter wns f£111e4 with a liquld; the entire glass arm and most
of the snddle were eubmerzed with only the tcp‘nntonl nortion of
the latter Dreaking the liguid surface. On the saddle, above the voind
at whick {¢ projected froz the liquid, a small refledting mirror was
nounted whieh permitted the angle of h.ut of the toreion wire t5 be

reamred with the ald of an ontiocal lever,

The glase-coppery o0ell of avvroximstely 150 co. volume was

used ¢n contain the ligquids under whish the fiher-fider atkesion forves
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were menenred, It conalsted of 2 2.%0~inéh section of & 7.5-inch
Aa-ater zlass tube mounted mm n Cint, 0,002-inch thlek, copmer plate
with Tirvlite reein, "nly o very small amount of the latter zaterial

ssrved as an excellent, waternroof, snler-insolutle esnenting acent.

T™hravgh the Botton of the conner nlate of the cell, & small
0.125 -{neh dinmeter drass rod wan extended, the end of which was bend
through 2 90° angle. A emall 0,062-inoh dismeter hole was 4rilled
through_ this amd of the brass arm, serving as a eccket iz which the
lowar verticonl glass arm was moumted. At the wmer tir of this glass
arm, the second of the Individual fidars used in the force msasures
monts was attzched with DeXhotinaky wax., To nrevent loakage fron the
cel) nt the naint whore tho hrasn rod sxtended throush the conver
bottom, a wmall stuffing Yox was used. This is ehom at D in Pigure 6.
A drain net-cock, X, was alno» mounted on the covper battom, and pere

nitted ranid drainage end cleaning of the cell.

The draess are in which the lower verticnl glase rod mnd
fiber were romtead oould He rotnted By the snme type of driving wee
chonism uged in the upper movsble sumnenaion. The speed reduction of
10,000 tn 1 fram She motor~iriven shaft was also accomm?inted with s

danhls set of worm genrs.

A genernl view of the balance equipment is sh-wm {n Piyure 7,
The dalance, itanlf, wae e‘et. on om ovtical plep to elininase vidbration,
The viar (eomstructed of cement and brick) had been built free of the

tullding foundation smé was vracticslly vibrstion-free, ae s flat dish
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Pigure 8
GIOSR-UP OF FIBERS MOUNTED 1IN TORIION BALANCE
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of ncrenry plgccd on the pler showed no distortion of reflcctsd inages.
Behind ths entical pler, as sees in Jigure 7, s suall motor, ueed to
drive the movable suspension snd ares of the dalance, was momted om
a table entirely separate from the pler. The motnr was series wound,
turning over at approximately 3£00 revolutions per wminute 2% no load,
‘There was a permsnently built-in gear reduction of £ 1/2 ta 1 on one
end of the motor shaf§, snd this reduetion was used to drive the
‘balance shafts through a helt and pulley arrangement. The precedure
finally ar’mtwd for uktng ndhacifm neagsuremsnts required that only
the lower sha{t and halnnos arm be moved. However, the motor was
'mnhd widway bnv»n the wper amﬂ lower shafts, and oould bYe cone

'n“tad to #ither one 'by merely ehmgtng the belt and valley.

’ Ta utul oﬁerat;oh the moter speed wns very apmreciadly
cloved down by means of a nulley brake connsgtsd to the high svead
~end of the motor shaft (age Figurs 7). Trhis merely consisted of a
vu'ley mounted on the fren end of the motor shaft which wne raked by
& raw-t1de thong connacted to A screv and spring arrangrment for
Roplying tension to the thoag. Fofore the pulley brake was desiomed,
it was attempted to uss a rheostat shunt control across the armaturs
of the motoy, but this appreciably _redlwod the motor torque, whiah
wee not desiradle, The motor was connected to a 110-volt olrenis

through o reversing switaoh, allowing 1t to be run in elther direation.

The drive shafts $o the dalance were split into thres
secti~ns and were oonnected st two nointa with rubder tuling., This

atded msterially in eliminating any trunsference of motor widbration
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through the drive shafts to the_bﬂ.anoo. ,

In Tigure 7 Shere is also shown the optioal scale used to
neasure the angle of twh.vt‘ of the torsiom wire, and, i&uadlutoly to
the right of the bg'i;cc case, the system of lenses snd reflecting
mirrors used to focus the optical lever. The light source used in
the latter srrangenent was 1.ocutod at the axtreme rizht of the balanoe

and pler and is not shown in Vigure 7.

A diagrammatic sketoh of the sat.up used for the aptieal
lever 1is given in Figure 9. The light source, £, was & Gevolt, |
doudle filameat tungsten lamp. A collimating lens, Le. md o hiiru
line wore placed {n front of the abum which was located at the foeal
plane of the lens. Ths bdeam of essentially parallel 1i'¢ht was directed
upon the fodusing lens comdination, &‘3‘1' 130 contimeters 4distance
from the collimating lens. The fosusing lens sombination consisted
of a positive and a negative lens of +50 gentimeters snd ~200 cents
imeters focal lemgths, gziving an effective foeal lmﬁ of 467 cent.
imetars to the combinatirn. Bahind the focusing lens nonhinaﬂﬁn.
£ small narrow reflecting mirror, R, was mounted, sending the Yean
of one of the light filaments up te mivror 31'vh1ch then reflected
the filament inage to r, the small mirror mounted on the upper eus-
nension rod of the torsion balanse. Rach of the mirrors, r and n of
the tarsion balance reflected half of the light of the source to the
optical scales, Q,l,uaé 92‘ The foousing lenses, L-gl. "ere APLroY~
imately 25 centimeters in front of the mirrer 1.‘. or the axis of the

toniun wire, and the ontical soales 92 and 91 were 107 and 95
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DIAGRAMMATIC SKETCH OF OPTICAL LEVER USED ON TORSION BALANCE

Figure 9

yal

L2 - Condensing lens, f = 12.5 cm,

L-L, Focusing lens combination, f = 67 cm.

R First reflecting mirror, cutting out half
of image of S.

R1 Second reflecting mirror. _

r and T Reflecting mirrors on balance suspension.

0, and O Optical scales, millimeter divisions.

#
f-volt tungsten light source
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centimeters distance from x, and p, respectively. Images of the haipe
line were focused uprnn the scales -91 and Qg. enabling precliees measure~

ments of the defleotions of the beams reflected fron r end g

The adhesion foroe measurements wars made by dBringing two
fiders mounted on the ende of glnss arms into intimate contact and
then measuring the angle throngh which the torsion wire was twisted
as the Tiders were mmiled apart. The detalled procedurs nsed in
neking these measursments 1; ziven in the follewing paragzranhs,

(a) After the torsion wire and platinue waddle were proper
1y mounted, the .glul-doﬁpar cell was £111e4 vith the sample of water
under which the adhesion meagurements wers o be wade. .

(h) TInétividual ﬁbaﬁ ‘were mountad em the enfs of the re-
movadle glase arme with a very small po_rttg of Befhotinsky wax
(380 Pisure E). This was ssoomplished by first tsolating the indie

vidual Tider from s mn wad of wet pulp, wusing forceps., The wax
on the $ip of either of the small glass arwe was then softened dy
warning next to a very low flame, and one cﬁd of the fider was thea
stusk into the soft wax, Deing held in position until the latser
hardened. Care was always taksn to handle the glass arms and fider
bunches with forceps to prevent contamination, and to keep them in
gromd-class stovrered aontniners whem they were not mounted in the
balance.

(g) DmXrotinsky wax, which hacame very soft at 50° C,, was
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used for acrunting the fibars, ~'!hoi'; was some quesiion as to the
offest of the heat vequired in the mounting procedare and She possidle
desioeaticn of ths fider, Yut no sther suiladle noenting nedia eowld
b fomd, Attewpts nﬂub to ﬁo .A_itoiin whigh m soft and teoky
st room temperatuze, bt this 214 not hold She fiders fivaly enoueh.
4 AfSer \he £1%ere were sowndsd, the glass srme were gub~
novged in the sell of she balance mnd placed in position, the tap am
1a14 horiseatally in the platinum saddle, snd the lower arm placed

wertically in $he socket of the drass rod vhich extended wp {nto the

osll through the sapver betiem,

(g) A copper shield, show !n Figure §, was then plased
ayomnd the torsira wiro $o prevent any disturbmnoe arising from emsll
eddy curramts in She air of the balanee case. A thersometar was aleo
Placed in the watsr contained tnvth- Zlaer osll,

(£) 'T™hs glass dalance case was slseed and the Yorsion wuee

_pension was tham sllowed to eome o rest. ¥he poaiti~n of Ahe 1izht Sass

reflected by the tob mirror of the balmee onto the top sptieal saale,
91. was noted and this position retained throughout the weasureaents.
() Yhen the torsion suspemsion esensidly oame to rest, as
indieated by no oseillatory mation of $he light beam reflested ¥y the
lever nirror somnted on the platinum ssifle, $he position of the haipe
line tmage on the lower soale, 0,, was noted. |
() The lower fider sounted on ths vertisal glass arm was
then browght inte contast with fhe top fider, weing the metor io Arive
the dalance shaft. The epeed st which the lower fider was meved was
approximately 0.007 centineters per seoond. After $he initial contast
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of the fibers was aade, as obgerved Wy a sudden movement of the lower
tairline inage, fhn motion of the lmmy fider was allowed to continue
‘ xgntu_ tho deflegtion o!”the 1ight bon:n‘n 5 gentimeters on the soale,
| fhtn corrnpbndbd %0 s diuptlacmont of 0,04 centineters of the upper
fiver from ity '!niltial position, | o

" {4) By using the reversing switoh on the motor, the direstion
of rotation of the drive shaft was then reversed and the lower fiber
noved forward, thus pulling it away from the wrer fider, The lower
fiber speed maintained during this prooo&nr'- was again anproximately |
0.007 ecentimeters per npdond. corresponding to a speed a little less tham
1 centineter per second for the travel of the light beaa across the
lower scale,

(1) The maxtmum dlsplacement on this scale of the light
Beam was then noted, and the digplacement value, X, was obtained by sude
tracting the rest noint reading from the displagenmest reading.

(k) After the fiders were ssparated and the maxizus die~
plasenment of the 1ight beam noted, the movemsnt of the lower fider was
gontinued forwvard while ite rate of motion was checked with a stop
watah, This wae done ﬁy‘ measuring the time interval for 10 revoluti-ns
of the belt aonneoting the moter and the drive shaft, KEnowing that
the diameter of the drive shaft pulley was 0.875 inches, the delt
length 20 inches, and the length of the lower drass ‘m 1.75 centi-
netars, the rate of fiber movemsnt was caloulated from the relatioa:

Rate of fiber motien = 0.0805/ R (om./ sec.) ,
where R vas the time in seoonds for 10 revolutions of the belt. The

value of § was kept within the 1imits of 10 to 1€ seconds, giving
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maxlmm and minimuz values of 0.008 and 0.005 centimetsrs per sscond,
rasnrotively, for the rate of fiber motlon.

(1) Yhen the fiber mcvement rate had been shecked, the
motor was stopped and the wpper suspension allowed to eome to equie
1i{brtmm. The rest point wae then rechecked and the fores neasurenents
remeated, Vive such indiridusl measursmsoents were malds on a single
patr of fibers, and displacerent values sveraged,

(m) The temperature of the liquid in which the measurements
were made was then checksd, and finally the horizental distance of the
s0int of contast of the twe fiders from the axis of the torsion wire
was neasured. Trls latter value was required in the caloulatirns of
the sdhesion forcs, and was meagured with a cathetometer. The latter
ts skown In the hor'sontal position in which 1% was used (Figure 7, at

the extreme left of the photogreck).
Calivration of ihe Balance

To calculate the adhesion forees from the data obtained by
the procedure described above, it was necessary to know $he torsion
oonttut of the gold stirip torsiom 'ir‘. and also the relative value of
the fluld fristi,m on the hlanca arms that sight extist at the speed

at shieh the fivers were moved when 'boing npnntod. :

Tre torsi~n eonstant of ﬁw ‘gold strin, defined as the torque
per unit angle of twist, was obtnlmd \y néasuring the ahmc in the
poriods of simnle haymonic oscillati-ns, imposed dy various known
monuh of {nartia suspended dy the torvsion win. These meagurenants

were made in alr with no liquid in the gla.u cell., The torsion wire
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and platinue saddle which had en wninown moment of imertia were
suspended in their regalar positiens. This systen was then set in ro-
tational vidbration a_né the j)ct;icd of tilplvl karmonis motion measured
by timing thwee qur,piou ogoillations. Five eush muﬁénonh were
faksn and the time values averaged. Them a sass having a known
moxent of inertia (either a sopper oF pl‘tlnﬂ!!i!"') was sugnended

in a platinun wire utﬁh. thi; ‘yc:,:m.tca ac\' in oscillation amd the new
pericd measursd. ¥Wish the aid of the following equatisne, $he toreion
congtant of the wive was thsz ocsloulated. Leé

10 = unkmown monent of inertia of platinum saddle
md nirrort ,

1‘, = period of osoillatinn of this eystem in secondst

L = )mm; momant of inertia (etther platinum er copper
vire)}

11 = pariod of osolllation of the eystam; platinum
naddle, mirror snd ¥nowa moment of inertist

$ = torsion constinnt of the wire;
shen, with only the saddle and mirror suspended and the system vidbrating

in siwple harmonie ocseillation, the peried 1° fe given Dy tha relation:

g‘,.a”‘é‘; . or W

j .hfﬁ'—% . (z)

Io

' %13k the moment »f inerdia of the system changed by the addision of

'Y hom noment of inerdiat
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21-217 -ﬁ*’l‘l‘ s OF (1)
; |
[ h}r‘? 1o ‘li) . k)
n
Solving (2) and (X&) gives

g ¢

I, = L h . (5)

5-x

The noments of inertla of the thin platirem and esopper wires used for

galtbratisnare given by the relations
2
1, = 1/12 m¢ (Y
where g in the mase of the wire in grame and b the length in acentimeters.

fherefore, from squations (2) and (§) we have:

1 = L ' (l)

R o

where X ~ (1/3)-1!'z~ ® . A‘hz for each known moment of {nertia. The

Platinnue wire used for salidration purpoees welghed C.210€ zrems and
had a length of 3.11%5 centimeters, giving a value of 6.73 ;nuoa.z for
X in equation (]). The 2i-gauge pepper wire had a X valwe of 4,36,

The value of ‘tho"tdn‘l‘ba con-tmt; for the type of gold strip suspension
used, was mroxtntf_ﬁy 0,08 dynecamutimeters per radian tviat. Agree-
1] hhnl the Muu obtained nch& both platinum and copper wires
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for the mnown moments of inertia was withia 0.5 per ems.

If there was no fluid friotional drag on the wpner horle
sontal glass are, the adhesion foroe between Swo fiders, as measured
vith the torsi'n dalance, could be odtained using the equaticn:

L= --%-'-..g-.. ’ (l)
279

-

vhere I La the adhesion forae in dyness §, the torsion sonstent of

the suspensicn; X, aversge defleation of the light demm blyénd the

rest peint in centineters; y, the distanse in centimeters from the poins
of contast of the fiders ta the vertiesal axis of the torsion wire; and
f+ the length of the optical lever, or the distance from the torsion
wire to the optical nuh lqvintiou (Q) was obbained from the funda~
mental expreseion of Rooke's lawi .

Torque » J-y = g-g' ' ) | (9)
® Being the angular dlwplacement of the torsion wire.

The effest of frictional &rag on the uwpper glass arm during
the foree messurement would Ye to decrease the force msasmred Yy the
ﬁ!gplwmﬁ of the optical tndicator on the soals. Sinse the same
e:hin mounting arme wsere dﬁm used tn 3the same position, and sinee
the rate of metion of the fibers during the actual measurenents was
keld reasonsbly eonstant, the drsg sffect was constant fer all messure-
asats in which the viseosity of the fluid 214 not markedly ohange.
Accordingly, the only purpnse in applying a constant correction fagtoy

for this effect $o all the results was to give & more absolute value
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ta the latter., The correction factor was odiained by firet removing
the vettically mounted, lower glaas arm snd then commesting the moter
to the upper drive shaft of the dalance. The entive suspension was
then roteted at apvroximately the same spred as that used during the
fiber measutements, A" the two optical indicators wers passing from
1eft to rl@"t. the exaot position of the lower indloator (moving on
op¥ienl scale £, 1n Figure 9) vae noted as the upper indientor passed
an arbitrery geré point. Artcr sentinuing rotation of the suspension
in this diveetdiom for aeveral unﬁtu-. its direction was reversed wo
trat the h\dioatnn tm@lle;l fron right to left across the scalea,
Again the mosition of the lover indicabor wam noted at the time the
upper indicator passed the nero point, The difference between the
two seale readings obtained vhen the lower indioator wae travelling
in opposite dirsctions was divided by ¢wo and this quotient in emti~
metors always added 0o a'l displacement valuss. In water the correction
factor was arrroximately two centimeters. Anv further application of

the factor will be discuased in the section on results,
i in nent ¥

The majority of 6xp-rlunn in $his investigetion were made
on  single unbleached sprase sulvhite pulp. This was done so that the
factor of type of fiber used could de held conetant while the effects
of atrer varinbles, smoh as chamicals, temperature, etc., on flocoulation

were being odbssrved.

The atandard pulp was a Canadisn spruce, uadleached, quick

caok, sulp-.ite stock odtained in wat laps from a neigrboring pulv will.
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Approxinately 25 pounds of pulp cnvtho air dyy baslise (75 nounds of
wet 1aps) wers cohtained to insurs an adequate supply.  Ae received
fron the mill, the stock posssased some residual odor of sulphur ;
dioxide, so that 1% was deemed ndvisable to wash it before storing,
This latier operation was done in thres batches, the pulp being given
two hot water washes for about one-half hour eash at 3 ver cent
eonsistency. After drailning, the pulp was pressed to spproximately
25 per cent ovem dry, Ailsintegrated by hand into large orumbs, and

stored in batches in alr ﬂght HF-gellon glass Jars.

A fow flooculation axporlmﬁ ware algo made on an undlsached
Dougfia§ ‘fir"iulphitc :iock t;nd st undleached bireh sulphite pulp. Both
of thege mlps hul been ooohd in the laboratory, and aleo were air-
drisd, oomtaining only 6 per cemt molsture. The permanganste mumber

of ‘tha Donglas 7ir stock wns 11.% and that of the birch sulphite, 10,
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¥, RESULES AND DISCUSSION

The diwoussion of results will be given in two secti-nae
(4) the resulis odtained ueing the floceulstion tester, end (B) the

neagurenent of £ider o fider adhesion forces.

In the first ssstion the dni~ will be eonsidered in the
following order: (g) renrefducibility of ﬂbgq_mnﬁon rana, (}) aluwn
ef?ecte, (g) the effeat of bentonite clay m*!‘ibor flocoulation,

(4) tormarature effects, (g) tho nes of deflacewlatisg gurs, (L) the
affeat of wetting agents, (X) the rotion of mtin:é om ﬂ\mﬁr flocenlatinn,
(1) the sffect of oonqittni&. Q');’ fNocculation ihngﬁtnrhtkt of
alr-dried pulp, and (§) tke flocoulation of Do@iéa 1y and h‘imh"

sulvhite fibers relative to that of sprags sulphite pulr,

Raproduaibilt » Tlocenlatisp Tendsgcles of the Standard

Tan Yats

b & ou@l!d the limits of experimental error within which
flooculation runs oould de duplicated, She results obtained for seven
tdentiesl Tune have besn tadulated in ¥able 11, Thess runs were made
on the standard unblesshed spruse sulplitte pulp, dispersed in tap
water at 0.0037 £ 0.000% per cant consistency snd 25 ¢ 2° 0, CGolumme
.1' 2, and 3 in the Table give, raspsctively, the onnsistency, tow-
“peraturs 1inids, and the g of whits water ssmvles taken both at the
start and at $he end of anch rm., Thre 4tsnersion index values &ad the
slope eonstants given in the laet two columns are the oconstants X, and

KQ. resnactively, in the enuatiom}
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logZufy+ K200

expresitm.z the linear relation found to exist Dedwesn log J and log Y.
In all the vune at least 10 individual poinds have Been used to es~

tabligh the abdove equation.

Tabls 11

REFPRODUCTIBILITY P PLOCCULATION XIS
Unblaached Spruce Sulphide
Bun lo, Conslsteney Tempsraturs 17 of White Digpersion Slope

4 Limits Yater Index  Constant
og, 3%art  Yinigh (_53) (X,

8 0.0099 %.5.96.0 7.2 2.0 1.1% 0,87
1 0.MMN %.0-2%.7 1.1 2.2 1.29 0,90
12 n.n7 26.0.25.8 1.7 £.0 1.27 A08
18 0.,0n97 Ph.o-okR  7.h 7.9 1.2 0,0%
21 L 1.72 0.9%
22 n,0053 2C.2-28 1.2 2,0 1.2 8,98
5. 0.0093 2h,5.25.7 7.4 8.1 1.1%8 1.07

1t s racognized t-at sormewhnt of a Ategrerancy sxi{ste hew
tween run 8 and the remaining alx rume, which iz helleved tn be of a
subiective naturs, kﬁpr antlwnm bnfﬂ!ﬁ'ﬂg epnciuon' and atirrer
meafs for nes In thnv‘w-bnx vor-‘ dmlopca.v ran 8\ wvas the firet test
uade to estedlish t:b;néna'uhtiqn tendeneies of the wnblanched enruce
sulphite nuly in ’h‘sp water alore. inlloﬂni"it. s ';oorios of yuns were
nade, using alus in ‘the sloek and %ap water guapension. As will be

sesn later, alum, when present in the form of alumina with the fibers,
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ic a g0od dlewpersing sgent mnd, therefore, in these alum runs ne

large fider flooks were sver fomon.' Acoordingly, at the flocculation
end-points observed in these alum rune, the sizes of the fider dunches
wars appreciably sealler $han those whick axisted at the endenointe
first established in ron §. Yhen the alum experimenis wers cormleted
and yuns 11 snd 12 were made t» redstermine and chack the fleocenlation
tendencies of the pulyr fidvers alone, it ssemsg Drndable that the ochpevverts
ecnception of the flocoulatisn enfd-noint had Leen changed and thas, in
tris oree, flocculation was ooneldsred $o cccur in the ohservation tube
at the point whaere the fiters were just beginning to bunch, rnther than
& position slightly further down the tube, where flooke of appreciabdle

‘#ize had alresdy forwed. This latter end-point was uesd in ran 2

beosuse, at that tm. ﬁ was thought te be the me more enelly seem,

Tris d1ffevence in the '.cmme_nilm of the flocculation end-noint emid
readily accomnt for ihe differsnce between the dispersion index values

of rm & an? the ofkar siz rane. "

. hscutou. the rnuu of run 8 have deem duoumd. and the
sversge nouculatloa tendmotes of the standard undleached eulphite
stock in tap water deternined fron the remaining six yons., The squation

exrresaing thies average result isi
log P = 1.24% « 0.96 1og Y . Q)

Comparing it with the individual data In the last two oclums of

Table 17 showy that in the case of the paraneter constant K,;. or the
dispersion index, the per cent gverage deviation frou the mean is 2.4
per cent, with a marimum per cent deviation of £ 4.5, Zor the slope
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conntant (_7»22) of the equation, the average per cent deviation from the

mean 1r £ % par cent, with a maximus of + 11 per cent.

Tre data fron rung 11 and "R, peppreasutiag the naximm vare
fatinr between the lix eragk rune, have been Dlotted grarkicelly in
Pigore 10, The douod line on the granh r-prnanu squatimn (1) adove,
the aversge of the resulis of all nix runs.

;I’hotosr,mphe t;f rins .'5..- 11, and 22 vere tul;nn end sre showa
in Pigure 11. The dezreee .of’ flocculation shown in emch of th‘e
pletures are not dinot'iy compar&hl;.‘ bmun of dt‘ffqmqos in flow
velocisies, but o somparison of runs ¢ and 11 will sndetantiate, to
sore extent, the remarks already mede concerning the dlscrenancy betwesn
the diwmersion index of run & and those of the other six runs., The
pictures indicate a slightly grester flocculation in run £, vhich say
be accounted for by the somewhat lower flow welooclty (0.55 om./ees.
conpared to 1.01 om./sec. for run 11). However, 1f the flocculation
{ndices as given {n Table II vere dlrvectly comparable, the degree of
digpersinn {n run & would have to be comsiderably grester tham that

shomm.

A comparison of the protopraphs for runs 22 and 11 indicates
a somevhat zreater degree of dispersion for run 22, This, again, may
be rartielly ncoounted for by differences in flow vyloaltiu at which
the nictures were taken. However, the sctual variation in the flow rate
of N.7% centimeters per sscond 1w too small to sccount solely for the
4ispersion d1fferendge shown photogrentically., This drings anothey

point up for consideration with regnrd to interrretation of vhetographie
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data: nezely, the photorraokic record only revresents a conditimm of
flooculition occrirring et a glver Instant, © Ag already natnted sut

‘n a previous sention, thin end~voint may ur-yﬁ"hvy as mush as I % unite
of the flocomlation scale showm on the photograph for ran 2, Plgure 11,
Tkerefare, slight ynriat!ms ‘nay occur in the vhotogranhic records whioch
are not si:nifisant and do not show up In the average dispersion index
values, Conolusions from photozraphic reacrds are thus always made i
conjunction with these latter results, The &tgpersion indices for

rune 11 and 22 agres well within the limit of srror of the weihed, and
1t any therefore be ccncluded that the Aifferences in the degree of die-
persion shown Yt the photographe of these runs mey ds atéridmted te

some variation of the flocculation tenfencies within tke individual
rung, As well as to o wmall differende in flow velocities as which

the pictures were takm.,

To aonserve space in the momiing of subgequent vhotezranhie
data, the image of the flocculation scale adjasent 30 the cheervation
tahe has bren removed from She vrints. Before quttiag, however, the scale
adtviatems of 15, 20, 25, mad 0 were exteudsd direetly up Yo the inage
of the cbservation tube on the printe with dlack India tnk. Alss,

Just below the 15th scale diviaion an arrow has been drawn on all
vhotographs indicating the direction of flow of the sfook in the glass
observation tube. The flocenlation seale was always photographed with
the obssrvation tubs as shown in the pleture for run &, but has bem

removed from all other prints before mounting,

If the photographe are viewed with their long direction held



vertiaslly Yefors the racder and the srpow, £iving the direction of
flow, rolnting down, they will give the aondition seen dy an observer
standing come © fn’t in ﬁ'ont of the fNecowlation tester. In rin 22,
at the pmrticu}gr flow velocity at whioh the photograph shown in
Pigura 1',.' ima tak:m. tha ﬂocéﬁ!;ﬂm end«point was considered to de

at 143,

Before eompleting .a discussion of the data presented in
Table 71, mention should he made of changes in PR of the white water
which scourrsd during the course of the yuns. It vill be cbserved
from this tadble that ‘the inttial pF of the tap water averaged about
7.3, while at the sompletion of the runs the white water 37 was
approximately 2,0, This decresss in the hydrogen ion concentration
of the white water was also noted in lower g& ranges obtained vhen
alun was used i{n the water, zs »ill be seen from data to he presented
subseqnently. Further, orly when thers was sufficient alum present
tn tuffer the whits water DI down to approximately 4.5, waa thie
offect elininated. 1If the increase in pE oscurred only in the ranges
below the neutral point and in the vresence of alum, it might de
attriduted to a slew neutralisation of the hardness of the water,
Rowaver, sinoe it securs in this case with fiber and tan water alene,
it would arpear that the fider played some role in Vhe phensmenon,
either through the introduction of alkaline liss sslts into the water,
or through some adsorntion effect. An additional poesaldility is that
the pH increase might de due in part to slkalinity from the glass
observation fudbe. Other instances of this desrease in acidity of the

vhite water during flooculation runs will be oited as the discussion



continuss,

To gum un, data from six direatly comparadle runs nmade with

the flocculatinn tester indionte that the conatants in the relationy

log2=X, + E, e X .

can be gregked by means of the nrocedurcs devaloped to within the
fellowing errorst % 5 per cent varistion in the oase of k,, the Als-
rerel-n index, and 2 10 per cent fer ke elope constant, X.. It has
algo bean shown that care must be taken to aveld subjective errors

in Judging the flocoulatinn end-noint, and that slight varintions

Bay ocaur in the degrees of digxmﬂian recorded nhatogranhically which
are not representative of avera;ge resulte. It e, thunforn‘. deatradle
slways to wﬂmto mh‘i.pfxbiogmahic dsta in the light of averaze

rqsug.tq_otpfgand by the dispersicn indices.

Rffect of Alun on Fider Plocaulation

(e ‘of the first factors 8o Dé {avestignted in this study
of fidser flocaulation wns the effect of various quantities of alum on
the disperaion of fiders in tap water, Tre alum used in these ex-
veriments was a crystalline c.n. vqmuty having the formula,
Alz(soh)3-1z HL0 . T™:1s product i{s not the same as @ teatnieal grade
of basic vapermaXkers’ alum, the latter containing a slizhtly bigher
rercentaze of alunina and a 1ittle lesz water of crystailisatisn, bub
the ghemical purity of the hydrated aluminum salphate wasn desired in

vt’f te work,
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The quantities of alum added to the head-dox of the floc~
culatiom teextbr vare dYased on the rercentags of ovendry wsight of
fiber in the suspemsion, Becauee of the low fiber consistensy of
apnroximstely 0,01 per cent and the extreme hardneass of the water
" ueed, an spprecisble percentage of alum, bdaesd on thig dry fibver
watzht, was required to brirg sbout rmeh change in the white water
pil. ne tan‘red ver cant alum, or 2.7008 poundas per gal}.«m af watar,
1ncrea§ed the' acldity of the latter %o Juut' helow ihe neutrsl roint, -

Tour tines this amount was required ts bring the p7 down to kY4,

The standard procedure for making &ﬂocmn.’mﬂ no wae
used to investigate the effects of aiding 100, 300, 400, and 7O per
. cent alum separatsly to four fiber~tap water suspensions. The results
obtained are showm in Tabdle [IT snd mre presented grentioally in

Pigure 12.
Table 11

E27TCT OF ALUM OK THE DISPERSIOY OF STAYDARD UVSLEACETD
. SUTPEITE 900K TN TAP WATER

Piver Consistemnay 0.0105% '!cicporatnn - 26° 9.

Hun No, Ver cent Alum tnite Tater pi Dispersion Slape

B g e Gt
9 100 ' 68 T 1.72 0.8l
17 100 £.8 7.8 1.67 n.92
1k 100 6.6 17 1.63 0.91
15 100 5.1 5.7 1.64 0.9
124 Lon 4.4 L8 . 1.58 DT

10 7no b2 L3 1.69 1.06
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A cowpariemn of the dispersion index wvalues in Table IIT
wit:. the average value of 1.20, which was odinined as the &ispersion
index for fiber suspended in tap water alone, shows that the aidition
of 100 per eent or mere of alum resulisd in a marked improvement in
fider dimersion. The average of She dispersion index values for
three runs made with 100 ner oent nlum was 1.67, with a maxiwum
nri_atiua of £ 5 per oemt, which was within the limits ;f erroy of the
metrod. The addition of quantities of alum grester than 100 per amag,
tased on the £ider weight, had no simificant effect on the digpersion

index,

A visnal evnlustion of the marked incresse 1.n, fiver Aim-
persion, remlting from the adéition of slum, can be malds from Pimre 1%,
Pera, the top thotogranh shows the dezres of dispereion of ths standard
wdlenched salokhite stook in tay water at a flow rate of 0.k} continaters
pey zegond. The followins thres nictures show the effects of 100, 300,
and 710 per gent of slum, resreactively, whan sdded to indiviiual sap
wvatay-Tiber susnensions, All the vhotographs were taken under identisal
conditions of constatengy, temperature, and flow velocity. The floo-
culaticn valueg given beneath the pletures are the scale resdings at
whieh floeculation was considered to ocour undey the given flow gone
ditions, 'Mese values of 23, 20, and 22 for the 100, 300, and TO per
cent alua sdditions, rempectively, indicate no significent 4ifference
in the degree of &fwpersion botnm‘_ the various oonditions, shich e

in agreensnt with the Adlepersion index values in Table IT1.

i{n{"tla! tnapection of the rhotorravhs wonld sugzest that a
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11tt2e leoe disversion ware odialned with only 100 per cent slum,

Tig moy notuslly have been the case for ths specifie inestant at
which the Thoteoreash was taken, »mt 1% 1a nlso quite prokhable that
grenter ammbe of alumina flock, pragent in the etoclk suspension
vhen I mnd TIN par cent alam wors used, have alded in producing the
»hotorranhie effeact n? increnned dlgpersion in each of these cacesn,
The 1170t ncettering effect of the small particles of the elumina
flnek might well have ha? less effect on the visual endenaint, since

the diffeyenge in shape betwsen m fiber bunch and the alumina flock

could ho more readily detected in thias case.

“Reforring agatn to Teble MII, 1t will be sesn ttat the
slopa mqmtl for the eguaticng derived for each of the conditions
agree within 'thi a.cc-phdlumi”t‘; of error, with the exception of the
cass of rn 124, wheve the slope constant of 0.77 Ls almest 15 ver
oent lees than the mean value for the six rune, The veriation ie
not constetent, however, (ges alug Figure 12) and no stgnificance

has been attached to it.

Table IIT ales ahnwe the increase in the p¥ o the white
wnter which occurs during the flocculation run, the increment being
ep~roximately 0.5 pH unit, which comvares $o the increase cbserved
in ths cnse of a Tider-tap water suspension alone, Witk sufficiem®
Alum nrasent to duffer the pN of the white waler ta around %.F, no
dearease i{n ncldity was observed. As previously menti-ned, in these

partiocular cases with alum sresent in the white voter, the offaot

might be attridbuted to & slow neutrnlisation of the hardness of the water,
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but this 4ces not explain the fast that the sondision occurs svhen

no alum ia present,

To sum uwp, 100 par cent of alun added 4o a suspension of
fidera in hard water has bsen obssrved to markedly increase the degree
of fidar dlepersion. Quantitiss of alum greater than 100 per sk,
based on the fider welight, gave no further change in the degree of
dispersion, ZExperimentsl 4ats have not Yeen glven to show the effect
of lesr than 100 per cen¥ alus, but from preliminary tests it 1o knowmn
that 50 per cent alum 414 not produse as somplets a fidar dispersion
as that obtained with 100 per cent sltm, while 10 per oent of the
ohenionl sxerted very little Alspersing effsct. |

Effeot of Alwn ¥ith Distilled Yater

o gain inslght into the effect of alum as a Alsperning
mt. a serios of flocenlation runs were made with the standard wme
bleached sulphite pulp and Aistilled water in $he flocoulation tester.
The vﬂoeonlation tendenotes of the dispersed fider in distilled walter
wore first evaluated. {me hundred per eent aluw on the fiber weight
was then added o the wuspension and the flecculation tendencies of
the ty_utn redeternined, Pinally, 12 per cent sodium hydroxids wae
added to the slumefider-distilled water aysten and ites #ffect con
the flooonlation characteristics evaluated. The results odtained, as
sxpresesd by the dispersinon indiou. are given in Tadle Xf. presented
graphically in Figure 14, and shows photographically in Figure 15.
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Table 1V

THRE FTYPRCTS P nasftn;:n WATER, AT, AMD SONIUK HYDROXIDE
- P PHZ FLOCMUMARION OF BTAFDARD MILYACRED
o BULAEITR FULP
Congigtency 0.0095¢  Tempervature 26° ¢.

" Rwn Yo. Chenicals . © ‘'hite ¥ater g Dispersion Fope

Adted Stars Finish  Index Conatent
- o (51) (K5}
16 %o chemioal 6.0 6.8 1.09 1.19
16A 1006 alua L L5 1.2 1.3
to run 1_5 ‘
1648 12 Waom @ W6 b6 1.70 1.33
to run 16A

Prom these results the following conoluilom may be drawn:
(g) a small dut eignificant incresse in fider flocculation hae
accurred in distilled water as commared o the flooculation odiained
under identical emmditions in tep water; (D) 100 per cent alum added
to a sugnension of fibers ir dtetiliad water increased the flocculation
tendencies mly very slightly: end {g) the addition of a emall srommt
of ceustic to the almm-fiber-Aistilled water snoneneion markedly in-
ereagsed the fiber disnersion. Accordingly, it is indicated dhat the
4isperaing aotion of alum i{e due to the formation of aluminum hydroxide,
or alumins, in the susnending medinm. Alum iiself, or the aluninwm

ion, seems to have very little effect.

The dispersing aotion of the almmina 2lock would not de
expected 1f the effest were sinply a mechantieal one. 1€ anything, in
this respeet, 1t would bde vostulated that the gelatinous alumina would

tend to increase the fiber agzlomeration. Therefore, an explanation
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of the phandmon seens more 1ikely to de ooncerned with ahanges of
cnira on the {iber surfaces due e addoroiion effests. Tt nay be
possible that, in the presence of the alwmina flock, the cellnlosic
fibvers beom; ,ﬂmwitln and, with sk excess of the positively
charged alumina flock present, the degres of dispereion is markedly
increassd over Ahat which existed when the fiders were simply eleotro-

negative and there were no additional charged dodies present in the

‘suspension,

The exhanced flocculation ceomrring in distilled water as
ocompared with that adeerved in tap water was not at all marked, dut
the difference as measured by the diepersion indices seens large
snough to be significant. If not Gue %o exparimental error, however,
this effect gesms contrary to genaral conceptions. Any 4iffsrence
which might exist would be expected %o ocour im the onposite direction,
singe an incremsed floooulation in tsp water might be aceounted for by
the floaculating actiom of bivelent catione on the electronegative
fiders. Kore sxmerimentation along these linss is necessary defore

any postulations can be made,

The slope constants of the equations expressing the relatinne
betwasn log I and log ¥ for the dietilled water runs, as given in
Tadle 1V, are appreciadly larger Vhan the aversge slope constant pre-
viously obtained in the case of the tap water runs. The Aifference
is shown graphieally in Figure 14, where the 1log I - log Y relations
of the various runs in distilled water ean de oupmd with the average
log 7 - 1log Y relation odtained for fider dispersed in tap water alone
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and shown as & dotted line on the graph. It has slready heen mentioned
that sn interpretation of any change in the slope of the log I ~ log Y
ourves whioh concerns the fiber flecculation mechanism is not at once
obrious, In She case of the drta whiok have bdeen nresented thus far,
mnd which involve enly the flocculation of fiders in tap watler, with
Mmd without the pressnoe of various quantisies of alum, the maxiwom
variation of the slops constants has deen from O.77 to 1.07, Por fibers
dtsversed in tap watsr alone, the aversge clopo' onnstant dsterained

for six rone was 0.9€, with the maximum devistiom fyom the mesn being
sbout + 11 per cent, In the 'mrmtp in whieh vartious quantities

of alum (100, 300, 100, emd 710 per cent ‘bnod on the fider nlg_ht)

wers sdded to the dap utoiv. an avepage slona constant of 0.91 was
cbtained from the equations giving the relations between log f and log ¥
for these various conditions, In this latter case the maximum variation
vas T 15 per sent from the mean and was considered to be dus to eww
rerinental error, sinoe no oonsistent veriation was odaerved. Yor the
flooculation rune mede in distilled water, ¥ith end withont the presence
of alum, or alue and caustic, the average sleope sonstant for the

log 7 - log Y ocurves was 1.22, the maximmm deviations from the sean
being anproximstely 2 9 per cent. Thus, a significant difference would
seem t0 axist Detwsen slope constants obtained in tep ntc_r experimsnte

and those odtained for flocculation {n dlstilled water,

Disregarding the specific data for a moment, and coneldering
the two axtrems changes in the slope constant which sculd concelvedly
take visce, the following poatnlatiome may be made. 17 the slope cone

stant approached sero, flocculatinn of fibers would accur in a rather
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1inited wango on the floceul-~tinn scale, regardless voi" the flow
weloalty thynurh the shservntinn tube. This would indicate that, after
the f{bers mads enntsot through randon collision, they would tend to
 remain togethey; this would nesessarily mssn that the forces of adhesion
were 0f a considarably grester order of msgnitude than the shearing
forees rewlting fron relative motion of the fluld particles through

the flow tube snd tending to vull the fibers apart. On th- other hand,
1f the slope constant of the log F - log ¥ equation tended to avproach
infinity, very small changee in flow velosity would produce very large
ohanges in the flosculation values, indleating the existence of very

small or no adhesion favoees between the fihere,

Ascordingly, if ohanges in the slepe oonstants (3_:_?) of the
log ¥ « log ¥ relations ara graster than the limits of sxperimental
error, their valus, together with thoss of the dlspersion indleces (K,).
wust De considered in evaluating the degres of flooculation for the )
given conditions. Hemee, referring back to the specific data obtained
for the flosculabion effscts obsarved in distilled water as comnared
to thome odeerved in tap water, the fnllowing considerations may be
made. Since the slope constants wers greater for the equatirns evaluat-
inz the flocculation in dletilled water, it 1e possible that fiber %o
fiber adhesion forces were smaller than these which mey exist when the
fivers were suspanded in tap water. Kowmr. since the dispersion
index was significently ssaller for the case of flocculation in dte-
t111e4 water, it is indicated that greater fiber aggloneration was ob-

served in the flocculation tester for this aonditlon, snd that a factor, or
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faotors, other than fiYer to fider afhesion forges, were reaponsidle

for the floeculation.

Achually, hov'nch stgnifiomce oxn W pladed on the slepe
conntant of the log I -~ log J squations remaine to de sen from
additinngl flnaculation Aata. The above axplanation is a plansibdle
{interneatation of the results which mey occcar, tut defore it s of any
‘use in helping to ewnlain lﬁe phenomenon of fiber ﬂéeculnum, 1i=its
of errer will have to de dafined bayond wkich changes in slope constante

becone significant,

Initia) Alvo Effeo}

The previcusly diseursed sxpericenis showing the diwpersing
effact of alum, or more epeoifieally of' the alunina flock, were all
nade after fider and alum had bu:x well disperved by aireulation throuwgh
the floosulation tester. The initial effect of the addition of alum
toc an agqueous fider sespension i{e sotl to 1verease dlspersion, dut to
produce a rether marked flooculation. The effect is Dest desorided with

reference Yo Figure 16,

‘!hné piﬁtur« ware takan duriog a specinl run made epecifically
to srow this effect. In the top photozraph the stendard undleached
spruce mlnftto é!ook at 0.01 ner eent consistency, disnersed in inp
water at % C., h -hom floving thraugh the obgsrvation tude at a
velooity of 2‘07 antmuu nar second. All coaditions, including %the
flov velocity, were ma gonstant and 21.2 grams of alus, disselved in

about 500 os, of nur. wore added to the head«dox of the flocculation
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tester, In adding the alum moluticn, it ves poured as untfornmly

as poseible over the entive fres supface of the liquid in the head.
box to prevent loosl concentration. Yithin one minute after the almm
kad bemn added, the m;ma flooculation effect shown in the second
nhotograph of Figure 15 could de seen in the glazs odservation }tub-.
The flosculation of the flbers ocourred simultanecusly with the
aomearsnoe of a siight turtidity in the fider suspension. 7Thie cone
di$ion of flocculatlion existed for nnly several minules and, after

this brief veriod, the steck flowing inte the obsarvation tude avnsared
as showm in the lower photograph of Figure 16.

. Definite conclusienn ma to the geuses of this tnitial effect
of the alum cannot de drawm from tl;e present results., It 1s poeridle
that an isnelectrie roint with regard to alumina adservtion by the
£ivere sccurred. A porticn of the slum sslution that was spresd over
tha stock surfage in the hemd-box nay have passed down into the baffling
eystem and thence into the obearvation tube without receliving mush
szitation from the stirrers in the heal-box, I1f this be the case, it
1a concelvable that, tkrougr lack of vigorous dispersing action, just
sufficient alumina was ndsorbed by the fivers L0 remder them sleciriocally
neutral, snéd in this manner enhended their flocculation tendencies.

After the fiders and alum had received sufficient agitation, more alumina
may have been ndeorbed by the fibers to render them completely slectre-
nosttive snd thus effect good diaperalen. It is S be emphesised that
trie i simply a postulation to acocomt for the regulte. Despite the

fact that mn exsct mechaniss asanot be giien. However, the effest io



of marked interast, since it shows %o what dsgres nonmechanisal fac.

tore influence the vhenrmenon of fider floeculatim.

Bsversion of Fiber Dispersion Produced With Alum

A reversion of the degree of fider dlepersicn, or an in-
orease in Tloceulation of stock which was originally dispersed with
alum, was abserved to cocur after the fibers and alumina flock ked deen
allowed to stand in the floccnlation tester for nome tims. The time
fastor wne not Gonstant, since thsre were cases in vhick an incresse in
flocculatisn wns obssyved sfter the stock had stood for only several
hours, while in other cases the reversion affect was not noticed until
the fibers and alumina had stood for more ihm: 24 rours. The varirus
runs in wiich this reflocoulation was observed are listed in Tadle V,
and photographs showing some of the #ffgots are givan in Yignres 17, 18,
ad 19,
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Table ¥

REVIABION SPFECTS. M¥PTACCULATION OF FPIBRRS RIOTVALLY .
PISPYRSFD V1P ALIM '

Unblesoked sulnhite storck « Conelstency 0.0105% - Pempsrature .?5° G.

Ran Ya, Conditions of Run Thits Water pH  Dispersion Slope
Start Tinia: Conetant Constant
‘ fE3) fxg}

9 100 Alum £.8 1.7 1.72 0,88

93 T 3 allowed ¢n B0 8.0 1.51 0.%2
etend 20 hemrs o : T

98a 1600% Alum added £.8 7.6 1,78 1.10
ts ran 98 . .

1% 1007 Alwm §.8 1.8 1.67 0.92

138 Ban 17 allowed 1.7 7.8 1.62 0.%28
to etand 20 honrs : .

14 107%% Alom - £.6 1.7 1.3 0.9

1hs un 14 allowed to 7.8 £.0 1.60 0.90
stamd 20 hours v . L

1hs81 Pan 143 allowed 2.0 1.8 1.10

. %o stand 1 heur

1hs82 Fan 143 allowed g.0 z.0 1.h2 1.08
to stand 20 heurs

15 3008 Alwm 5.1 5.7 1.68 n.96

153 * Run 15 allowed 5.7 5.9 1.64 0.9%
to atand 1% hours

1581 Run 158 allowed 6.0 €.1 1.65 1.02
to stand 2N Rours

1581 195 ¥alR sdded F,0 7.6 1.%2 1.02
to run 1581

158511 Run 1581C allowed 1.7 1.h4 1.52 1.00
2o stand 12 hours .

16AS0 1008 Atom, 127 « ' .
YaCH added to diastl- 4.6 4.6 1.70 1.13
164 H O and Ciders

164361 Bon 12ASC allowed k.8 4.9 1,17 1.01
to stand 20 homrs

16A5C10 124 RaON added 6.2 6.0 1.7k 1.09
ta run 16ASCL

16A3CICA 1008 Alum added h.& h.5 1.86 1.2%
to ran 16A3SC10 '

18 Fideretap water 7.t 7.9  1.2* 0.9%
suapension _

188 Run 17 allowsd £.0 2,0 1.19 0,92
to stand 24 hours

1291 Run 189 allowsd £.2 £.2 1.12 0.99

10 stand 24 hours
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The revarsisn effect won flrnt observed in the oane of run 9,
shich was originally mede to show the dispersing sffeet of 100 per cent
elum, The relatirn of log f - log ¥ for the conditinrn wee eatabdlished
over s period of several Mours (the ususl length af time required to
makxe s flocculation run), and the results showed a marked fiber dispere
ston Aue to the addition of the alun (gee dispersion index given in
Table ¥). The flocculation tester was then shut down for seversl houre
and the fiber and aluminm flock allowed %0 settle in the head-dox,

After several hours the equirment was again put into operaticn and the
stock -rcoimhtoa, prinaipally te cbtain a photograph of the degres

of fibey dlsperzion obmsrved several hours previous., It was immediately
evident, f:nmar. shat o marked decrense in the dispersion of the stoak
nad osccurred during the 2-hour period of standing. The stoek was allowsd
to olrevlate fnr an additional hour at this time, dut with no ilmprove.
ment in Alepersinn. Tollowing thie the squipmest was ahut down a
ssoond time, the stock allowed to stand for some 2C houry, and the dew
gree of flocculation redetercined. The results showed a deorsase in

the dlenersiom Indlces from 1,72 to 1.51 (ges Todle ¥). A virmal
evalustion of the sffect can des obitzined from Pigure 17. The top
rhotogrepk skows the degree of ¢iwpersion obtained shortly after the
addition of 160 per cent niu to n fider suspension in tay water, The
picture shown is mot.an origiaal phogogmph of rin 9 since a ploture

of this run wgi‘nmt tahn until a reversion of the fiber dtspersion had
oceurred. ‘owaver, the aonditiong of the yrum were duplicated at s
1ster date and rephotogranhed. i‘ho.sooond ploture in Pigure 17 shows
the increase in flacoulation of ran 9 after the latter had been standing
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24 houre, It sheuld be noted that, although the effect is quite
armarent from the photographs, 1t would Be aven more marked if the latter
had been taken at comparable flow velocities. 3lowing down the flow
rata of 0.£Z7 centimaters papr second at which the photograph for run O
was taken, ts 0.LE] centimeters ner second would have produced an svem
gmate? degres of flocenlation. The third print in Pigurs 17, althouwgh
nsde frow a dnor negative, showe, to some extent, the redisversing
effect of an rdditional 100 ner cent alun added o run 93, liere again
the offect would be greatsr than that shown phetographically {f comvare

asble flow velncities hnd axisted when Both photographs were nade,

To show that this {norease in nmmm on etanding wes
not spurious in the ense of yun 5, other eeries of runs showing sinllar
effects are lietad tn Tedle V. PRun geries 1l shows the reversion, dut
over » consideradly longer period of time. The 21f7ersnce in the dle~
neret-ns of run 14 and 1W37 t» partielly shown in Figure 18, Again, the
offect would He even nove marked 1f the phetographs had been taken at
eommarable flow velocities. The reduction im the dlspersion tndex for
the two rons of 1.63 to 1.42 agreas with the photomhic ryidenoe. I
is of further intarest to note that very litile differsnee in flocculation
was cbserved when run 1N van allowed ‘o stand 20 hours {run lbs).l Rowe
ever, nfter thia fiber suenenai-mn wus allowed ta stand for only 1 hour

more, A c!xn!"f_icmt'doomu in the dtspersion index was noted,

In the cage of rme 17T st 138, ke dispersion Indices llasted

40 not show 2 significant 41f7erence for a 20-hour standing nariod,
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Then 300 per osnt alum was added to the fider-tsp water
suspension (run series 15, Table V), no significant changes in the fider
dispersion were obesrved over a period of 38 hours. During this time
the pH of the white water incressed only frem 5.1 to 6.1, %he addition
of 13 per cent sodium hydroxide, bBased on $he dry fider weight, how
ever, produced a nl.p:tﬂmt decreass in dlspersion, as showm Yy the
decrease in the Alepersion index from 1.64 to 1.52. The effest is also
shown photogrephically in Pigure 19,

The floceulation run series 16, made with dietilled water,
shows a reductirn in the digpereion index from 1.70 o 1.37 when the
ﬂbu»a‘lmuitwﬂiatiuod water mispmeion was allowed to stand 20 hours,
In this case the reversien eccurred whils ¥he white water was definitely
~ucidie (% L.9). Readdition of alum to the mrhd syeten inoressed
the dlspsrilon again, as indicsted by the dleperion index value of 1,66
for run tSASCIQA. A change in the alopa aonetants of about 25 per eenst
ALeo oocurred for van sorien 16 durlne this eysle of Atspersion, re-
flosculation and redispersion. When the fider was first effectively
dispersed in digtilled water Dy adding alum snd osuetic to produce sa
alweine flock (run 16SA) the slops censtent obiained for the log ¥ -
log Y relation was 1.33. After standing for a period of 20 rowrs, which
brought adout an incrsase ia the flecculation tendensies of the system,
thie slops gonetant decressed to 1,01, When an increass in 4ispersion
was finally drought adout a seeond time by the atdition of more alum
end oanstis, the slope constant inereased again to a value of 1.28,

™is variation in the slope constant following firet a
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dscreass mnd then an increass in the fiver dispersion of yun eeries 16
2ay be of some help in understanding all the reversion phenonmena which
kave Deen observed. RNecalling that a deareass ia the slope sonstant
nay lmncato an inoreass in fﬂnr to fider adhesion forces, reversion

in the ﬂbor dhpors!.on may ocanr whent s stook suspension is allowed %o
stand for some time in ¥be flosculation tester, due to a wore intimate
usoeistm of the o.luaina floek with the fibers. 3uch en sssociation
nay ocour vhem doth ﬂ.wr. and flook m allowed to esttle in quiescent
sonditions. Farther, the alumina nm particles themselves may
-ulmnu and, "igemu of thelr piuuuom nature, theses larger
alumina flooks may oahqnoo fider flocculation by rurely physical means.
Any such agglomeration ‘o;r aseogiation of alumine particles with th‘
other or with fibers might de expecied to de redispersed vhen the wus-
pension was resiroulated in the head-box of the flocculation tester, dmut
concelvably this action nesd not cocur $o swoh an extent that the degree
of digpersion odtained was the snme a that vhich sxisted origimally.
The dlsnersing action observed vhen more aluwm was added after the firsy
| reflocenlation may be exnlained by assuming that the introduetirn of
more finely dlapersed alumina flock counteracted the flecculation ye.

sulting from the sgglomeration of the alumina particles originally present.

¥hen & suspension of fibers aad tsp water alone was allowed
to remain in the flocoulation tester for a period of UE hsurs, a mall
inereass in the dagrse of floceulation was observed. This {s showm in
fable V, run series 12. The actual iacrease in flocculation in this caee

was not very grea$, dut, assuming that 1t s significant, 1t cannod well
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ve sscounted for on a pliysical Dasis. There was no (-latinonc almming
ook preseat vhich might have n‘u‘!mntqd,v‘an‘d,ﬁ furher, it s known
that no hydration of ths fiders oocgrro& through repeatsd sireulation
in the flooculation tester, at lesst as indicated By a changs in free-
nesn of the stook. A slov adworption of divalent cations from the

tap water, whish conceivably might increass floeculati-am, s net in

agresment with other resulds.

In oconolusion, then, 1% is to be sall that the inoreased
floocoulation tondeneies of a dilute fider suepension whioh ocour whan
the latter hae Deen allowed $o stend for varicus periods i{n the floocw-
lation tester, particularly in the presence of alumina flock, ares not
well mderstoed. This astual increass in flocculation of a given
fider suspension, fus to reversiom effects, is suoh emaller than that
which may be made to ocoour in the same fider suspension by changing
other variadles, In this recpect it 1s less important, particularly
fﬁm a practioal point of view. However, the observations which have -
Yeen made have bBeezn reported in detall, since with further sxperimentation
they may aid in explaining the phenomenon of fibver flecculation.

In m- previcus ssotiomn the dispersion and floooulation
effects odserved vhen alum wan added to a fider suapension hava deen
disoussed. It was shown that the marked dispersing aotion of Ahe alum
was &us %o the formation of alumina flock with the alkalinity of ordinary
tar water. ameo' this alumina flock is a positively charged gelatinous

oolloidal materisl, it seemed logloal to {nvestigate shat offect, if
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sny, a negatively cHarged Lydrovhilic material would have on fiber
dispersion. 3sntonite clay, which iz usad under certain conditions

in papermaking furnishes, is suc: o material.

Moconlation run 17, therefors, was made with 25 ner eent
Yentonite clay, based on the dry fiber waighf, added to a tsp water
suspension of the standard undleached spruse sulvhite stook. The fider
oonsiatengy was 0.0098 per cent and the tmrﬁm at vhich the ron
was made 23.5° C. The bentonite elay was dispersed with the stook in
the standsrd Sritish disintegrator, and the stoak and clay then was
alded to the walsr In the izu&-'bax of the ﬁem‘tattn {:t‘uhr. The pH
of the white water st the start of the yun was 7.4 and tncreased to

7.9 during the course of the test,

The variation of the flocculation mé-point with flow
velnocity trrough the observalion tube was hiormh_xed for thirteen differe
out flow rates. the data being given in grachical form in Firure 20.

The dotted "1 ine an the guph glves the average log I - log Y relation
for fider menended in tap water alome, The dispersion index determined
for the bentonite clay rm wae 1,10, snd the slope conetant, 1.0%., A
comparison of this Alspersi~n tndex with the average value of 1.2U, obe
tatined for the fider-tap water suspension, indicates that the bontqnitov
cloy has inoressed the floeculatinn of the suspended fl‘bor; This e~
sult 1s substnntiated photographieally in Tigure 21.

1t mizht e postulated at first thought that the intro-

duetion of‘a negatively charged collcld into ea squeous suspension of
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electronagative flhers would tend Vo inorease the dispersion of the
1z8ter. The rssulis show, however, that such is not the cass. The
sctual {ncrense in flocculation that was obdtained suzgests that the
gelatinous nature of the slay resulted in poorer f£ibor dispersion
sinply desouse of a mechanioal agolomerating actisn, This ls in agree.
rent with postolations wade in the literature that gelatinous load-

ings lnereass flocculation and impatlr sheat formation.

Turther sxperimentation on the effest of leer hydraphille
elays, oy actually ronkhydrons fillers such a3 oalcium carbonate, on

fiver flocomlatirn would be deslradle,

Zhe Effeot of Temperature on Pider Flocowlation

Sineo ithers were 4iffersnses reported in the literature
as to the effest of tamperature om shest formation, it was of interset
to investigate the effest of temnerature on fiber dispsreion as ode

sarved in the flocculation Sester,

Two series of floeculatisn rume were made on the standerd
uwntleached sproce sulphite stook suspended in tap water at 0.009% per
omt consistenay. The firet run (26-h) van made at a temperature of
8 ¥ 0,5° 0., whick was maintained in the £ider suspansion through.
ont the run by YOleeding" the required smeunt of stesm throwgh the |
copper hesting coll in the head.box, After flocoulation values at
fourteen AifTerent ﬁov retes had been estadlished, the flher suspension
wns gsoled down to 25 % 1° C., an® ite locculatim tendencies re-

detornined (run 26-c).



The ssgond run (27e) mnm al a tempernture of ‘10.5‘
+1.8° ci. In this case it #n neseseary %o ﬁnrt the ran at aPProXe
imately 9° C. and thon dﬁouino the flocdoulation end-pointa for ealy
sevan flow velocities through the observation fube. During this period
the tempewature of the stoék suspemsion roes %o 12° C. A% the tiwe
the run vas sade the room Semperature oould net be lowered wich dbelow
20° C., with the result $hat 1% was difffsult %o maintain a constemt
low temperature in the stosk in the flecoulstion tester. OCocling water
at 8° C. was paesed Shrough the covper soil in the head-bax, ut thie
cooling oapacity was inadequate. The astual tewperature variations
from the mean, however, were not much grester tham those tolerated for
flocculation ruma at room Scmoerature, end the ome variation from the
standard Procedure which sccurred was the faot that only seven ﬂocm-
lation vnlune were deterwined. Durinz the rin some ALffiou)ty was en-
countered with moisture ocndensation on the observntion tude, but this
was finally oversowme By keepinz the alr around the tube well etirred,

using four electrig fans.

The resulte of thess high and lov Semverature runs are

shown graphicslly in Pigure 22 and sre compared with $he average floc-
eulation tendencies of $he standard runs mede st 25° 0. The log }

- log Y relation for this latter conditiom Ls given by the Aotted line
on the gravh., The dimperaion index for rwn 26~k made at 55° C. wme
onloulated to be 0.90, while tha value for the yun mede at 10.5° O.
(27-6) was 1,150, Cowparing these vﬁ!uc with the averags dispersion
tndex nf 1.24 obiained for six stondard runs made at 25° C., 1% s
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evident that tesperature has s marked effect on:the 'ﬁbor diepersion,

Figher tewperatures sffecting flocoulation,

This effect oan be visually evaluated fyrom the photographs
shown fn Pigure 23. The three piotures are directly eonpmblo. having
beon taken at essentially the same flow veleoities through the obeer-
vation tube. The actwal flocoulation values observed at the gives flow
rates for sash eonditien .m ligted delow the photogranhs. ZYor the
58° G, yun, the 26° C. yun, snd the 10.5° C. run thess values are 8.5,
18, and 27, rempectively. Prsetsely, it is not correct to make s direct
nunerieal sosmarison of the degree of disparsion as exprecsed by thess
dats, since 7 is not a linear function of ¥, but actually a power
funotion which becomes linear on!? when written in the logarithmio

form:

1%13&459-1051 .

Further, the values of the Siaparsion indices (53) for the varicus
econditions do not give & Mrecﬂ.y proportirnal numeriecal evaluation of
the degree of dispersion. Tn odialn the latter 1t is nscessary to
compare the paramster censtants (Ll) of the power equations of the

formi
K
Z - ‘1 ¢ !-2 N
where 51 1 10"-3 « Pron the Alsperaion indiees of the three rome,

(58° ¢.), Ey =090
(26° ¢.), L=,
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(10050 c-)' % w 1.“6 »
the corresncnding 31 values aret

(=° ¢.), K =80,
(26°¢.), K =170,
(10.50 CoJo '& = 515 ’

Theee nurerical values of 51. for eash 9!‘ the three temperatures, may
be considered to directly svaluate the degree of fider 4ispareion
provided the power constant, X, or {as 1t has previously Been desig-
nated) the slope eonstant of ihe logarithntic velation betwesn P and

Y, is the game for all Ahree conditions. l’b{o is eseentially $he oase,
since tiene elope oconstants were found to be 1.0b, 0.96, end 0.9,
respectively, for the high, medimm, and low tmpenﬁn rans, It will
be noted that the xl vAlnu aAre pmtiall_y squivalent to the aotual
flocculation values eriginally given, which 14 due to the fact thet
the power constant is essentially equal to one, and the flow rates

were asrentially the same.

Comparing the 51 valaes for eagh of the three temperatures,
1t 1s evident that an inévease in temperature of 12° (from 2%6° o
58° 0.) produced the same change in degres of flooculation ss was
odtained by incrensing the fempersture By approximately 16° (from
10.5° %0 26° 0.). ¥he viscosity of water at 56° 0. fa L.C milli-
potss, st 2° 0., 8.7 nilitpoise, and st 10.5° C., 12.8 nillipotse.
Therefore, the inorements in temperaturs of 16° and 12° have vroduged
equal decrements in the visonsity of the white water, and it would



appear that the decresee in fider dlepersion with an insrease in
Semperanture is directly properticsal te the v_li"l't.‘bslty';hm in the
suspending fluld produoed by the temperature variation.

In Lantnar flow throngh the observation tude, as the viscosity
of the white water is decremsed with an indrease in teaperaturs, Vhe
viserus fluld forees, dus to relstive mti&n of iho finid particles,
are deereassd in Airect prorortion. Hemae, at slevatad temperatures,
there wonld De lese shearing apart of the fiders (which had collided
randomly), which would account for the proportinnal increase in flocous
lation. Thers 1s also the vague nosaibility that temperature changes
may slter adhesion forces detween individual fibers, dub a diseussion
of this point will be 1eft until the measuremant of such forces is
descrided,

¥nen the fider suspension at 55" C. was cooled to aprroximasely
2° C., the dlspersion index was inoressed from 0.30 to 1.03. Similare
1y, when the 10.5° C. run was warmed to 25° C., the dispersion index
decreased from 1.U0 %0 1.21. Again cowparing these values with the
average velue of 1.24 for the dispersion indices of sim standard fider-
tap water runs, it would appear that, at least in the case of the low
tagperature run, the fider dispersion was Jecressed to ite noraal value
_when the temperature was raised to duplicate standard oondltions. In
the former ease, whers the high temperaturs run wag oooled in the standard
temersture of 25° C,, the fiber dispersion was increased, but 4id not
reach 1ts normal value, as indicated by the dtmoiat:m indax of 1,09.

This ron, however, behaved anamalously, exhibiting a reversion in fider



d1spersion, which otcurred when the stock was sllowsd 30 sstile for
ssveral hnurx rith no agitation. After the 5!“ C. Semperaturs run was
nede, the fider suspeneion was immediately coolsd to 25° 0. while
olroulating in the flocemluti~-n tester. Following the zooling opep.
ation, eiz flocculation valuss wero determined for Aifferent flow
velootties: the equipment wes then shut dewn for several hours nd the
fibders allowed to setile. The dispersion inm ealoulatsd frem

theas first »ix flocculation polnts on the log ¥ ~ log Y relation was
1.19, which checke the standard valus af 1.2} within the limits of
exrerimsntal error, Aftar the 2-hoenr period of standing, however,

ten foaooulation values, determined at variows flow rates, gave a
dispersion index of 1,00, showing a slight reversion in the degres

of fider dispersion analogous to effects odasrved vhen alunina floek-
fiber suspansions were allowed to setile. Why sush reversion ocours
ia not at onee evident, although soveral possidblilities have desn sug-
gonted earlior in this dlecussion. PFigure 24 shows the photogrephs
taken of yuny 26~ and 27-h, and allows & direct somparison to de made
with the degree of flosculation of » fider suspeasion which was not

mudjeoted to preheating or presooling (rum 22).

Neagaty  ated karaya sum s a patented gum praparation {3k,
35) which has veen develaped to increass fider dlspersion in a stook
saspension nd tling fzpsove sheet formation. It has bean used with
succsrp in the mufmtmv of 1ight weight tissue gheets vhere goocd
formation emn be chtatned cnly with dfffiewlty. The produst, ss
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marketed by the John A. Kanning Papsr co.; 10 & 50 per cent alcoholle
dispersion of the deacetylated gum. ¥hen added to water, the nmaterial,
being extremsly hydrophilic, swalle enormously and Soeoma colloidelly
dispersed in the aquecus solutfon. As 1ittle as ome part in 10000 parte
of wnter, or 0,02 per cent ef gum, is sald to produce a marked fider

dispersion,

"l'ho addition lnf as l1ittle es 0,02 per gent of the g %o
water also produges an increasse in the visgcoeity of tre lattar. Murther,
1t 19 dmown that the fider-dlsversing astion of the gus s spprecladly
decreased {f the Mna o dispersion is sudjected to mechanleal
sgitation. Combining these faots, it seemed logical to assume that
the initial fiver-dispersing action of the gum is due to an increase
ir the viscosity of she fider-suspending msdium, while the subsoquent
decrease in fider dtspsrsion, resulting from agitation, is due to a
decresse in visscosity. This latter offoci oould be the resuls of
breaking down a gel strusture in the gum dispersirn, originally respone
sible for the viscosity inerease. An investigation of the fiber dis-
varsing sotion of the gum was thus of interest in relation to the

taperature-viscosity-floconlation effacts previously observed.

Moocculation run 25 was made using the standard unbleached
soruce sulptite pulp suepended in trp water at 25° C., and at o Zider
conslisteroy of 0.0097 per gent, Righty-four gr@ of the 50 per cent
aleckolio disnersion of the gum ware dlasolved in £.5 liters of tap
water by slowly a ding the gum to watar with vigorons stirring. This

visoous one per cent gum solution was screencd through a 70-mesh wire



-lao

to eliminate any lumps end was then added to the headshox of the
flooculation tegter, After addition of the gum solution, $he
flocoulation tester sontained USH £ 1 pounds of water and the stand.
ard woight of fider, so that the fider consistengy was 0,0097 per ‘

. osnt and the gum censistency wan “0.02 ver cent, After the gum was
added the whits water Rad a pH valwe of 7.4, whioh was increassd to

7.9 during the oowrse of the ron.,

Since the agitation dus to clreulation through the oentri-
fuzal paew nnd to the stirrers in the head-box of the flocanlation
tester was expected to decrease the fi'bar-dimﬂing offect of the
gum, rm 25 was divided into threa moctions, ¥ithin 1 1/2 hours aftey
the gum had been added to the head-bBox, six flecculation values were
deternined for Alffersnt flow rates through the odservation tude,
Trese were used 3o deternmine a Aispersion index Aefining the initial
degree of fider dlspersion. The squipment was then shut down for several
Rours, after wi.ich the stook was recirculated for 1 hour, and a sscond
series nf seven flocculation values determined, which permitted the
calenlation of a necond dlspersion index. Pinally, the flocoulation
tester was shut down for 20 hours, the fiber suspension then re-
circulated for an addittonal hour, snd a third series of ten fleccu~
latisn values determined, so that a final dlspersion index oéuld e
oalouluted,

™he results of these three fider dlspersion evaluations are
shown graphically in Pigure 25. The dispersion indices obtained for

the three successive sections of the mm were 1.48, 1.76, mnd 1.7%,
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respectively, with the eorresponding olop- eonstants, 0.93, 1.0k,

md 1,00, agreeing within $he accepled ltuito of error. Comparing

the dispersion index Mm with 1. 2, e mnco matmt sxpressing
the dagree of czmnm for ﬂbou lnmdcd alone in up water,

4% is apparent that o.oa por unt of w dmtﬂnhl ktrva gu initial-
1y produoed s appreciadble !nomu ln ﬂbor umnion. mmroximtoly
comparable %o that odtainsd Yy merely lmw .thp tmn.tm of the
stook suspension from 25° to 10,57 O. (dispersion index in this

latter onse was 1,10), Turther, the o_!‘ﬂqi;nay of the dispersisg astion
" of the gun was decreased as the suspension vas allowed to oiroulate

in the floosulation Sester.

To determine *tthor this desrease in dispersion was m
to a ﬂl&oolv change of the 4ilute sgueons gum diiponlan. a second
flocoulation yum, 30, was made with all conditions the same as those
doscrided for rum 26. However, ﬁutud of dsternining flocoulstion
values at Aifferent flow rates during several intervals of the test,
a photegraphic record of the degres of dispersion was nads at various
tines throughout the run, simnltaneously with viscosity measuresents
on samples of the vhite water,

The fiver éonsistency for this ram was 0.0098 per sent, and
the whlte water contained 0.02 per oent of the deacetylated karays gum,
The PR of the white water st the start of the run was 7.5 and was
tnoreased to 8.2 at the end of the ymn, VTiscosity determinestions on
the white water md photographs showing the degree of dlspersimm in the

obssyvation tube at a given flov rate were wade at intervals of 15, 90,
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190, 325, and §0K5 minutes of olroulation in the floccnlation tester,
The photographe were taken at a flow rete of 0,80 * 0.01F emntimeters

oY areond,

~ The white water samnlee for viscority determinations were re-
noved at the speoified intervale, filtered through a Jena l-0el fritted
Zlass crucidble to remove the fidrous material end the visco=ity then
neasured with an atwald viscoeity tube, DNuring most of the rur the
flow rate through the cbservation tude was about 2 sentineters per
seoond, dut at the tize each vhite water sample was removed for a
viscosity determination, this velooity was slowed down to 0.80 centi-
meters per seaond, st which the photogravhs were takmm.

A1l viscosity determinations were made at 25° C. with a 5
nil11l1ter sormle of vhite water in an Ostwald visocosity tube whioh
kad besn 0alibrated with 4istilled waler at the same temperature. The
spacific gravity of the white water samples was dsternined with a
Yeastnhel halande, calibrated to give a value of 1,000 for distilled
water, Ahsolute viscosities for the waitn water sanples were éal.

culated, neing the aquation:

w 5.98ed0ets
G abe. 7.6

where, 7., .. 1% the abanlute viscosity in millipoies, 8,94, the b«

solute viscosity of Alatiiled water at 25° C, (Intemational Critical
Tadles), 4., the -immo gravity of the white water relative to the
value 1,000 fer ammo@ vater, 3, the flow time in seconds of the

white mater sample through the oapillary of the Ostwald tude, and 77.5,
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the flow tine in seconds for distilled water through the same tude.
Table VI shows the variation of the white waler viscosity with time
of cirenlation tn the flocculation tester, as well ae the flow rates
through the cbeervation tudbe at whick each of the nholographs were
taken. The vieoosity of the white water defors the deflcconlating
gun was atded was G,07 millipoise,

Tabvle M

EFFECT OF CIRCULATION IF FLOCCUTATION TEITFR OF TRE YIBCOSITY
OF WRTPR YATRR CONTAINING 0.02¢ OF KARAYA Uk DEPLCCULAE?

Unbleached Spruce Sulphite Stook Pider Consisteney 0.0096#
Gum Consistenay 0.02f Temperature 26° O,
Time of Circulation Absolute Viseoeity 7low Rate Trhrough
in FNlonculation of White ¥ater Chaervation Tube
Tester for Photographs
(mtn.) (millipotse) {an./nes.)
195 10.6 0.812
796 10.6 0,80

. Thotogrepkha of the degree of dispersion extisting after 1%
minutes atcimidlon and then after .5 hours are shown in ﬂ¢ur§ 2%.
The tor photograph gives the condition whigh existed wvhen the fider
was suspended in tap water alone and flowed through the odservation
tude at a veloaity of 0.80 centimeters per second. It allows a direct
visual comparison %o de made with the other Swe photograrhs showing
the initial dispersing astion of the dsacetylated karaya gom, as well
as the 1ncr§au. in floconlation of the fidber-gum-tap water dispersion
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with continned oirvulation snd agitation in the floocculation Sester,

It s evident frew Pgure 26 that 8.5 hours of alroulation
have decreased the dlsperaing aotion of the gum to ench sm extent
that the fiders have floeculated to rractically the same degres as ox.
isted with no gom presemt in the aguecus suspension wmsdium. Yrom
Table VI it will be sesn that these sffects do nod correlats very well
-with the viscosity changes observed to ocour in the white water. Vith
no gum present the viscosity of the white water was 9.07 millipoise.
fws hundreths of one per cant of the gum dlspersed in the water in-
cressed this viscosity to 10.9 millipoise, and then 8.5 hours' cire
eulation in the flocculation tester only lowersd this viscosity valus
to 10,6 »il1iroles as measured by the Ostwald viecosimeter,

As previcusly mentioned, the {nitisl dispersion produced dy
the demcetylated karaya gom wns vraoctically equivalent Yo the fiher 4ie-
persion ohitained by merely deorepeing the temrerature of s fiberetep
vater suspeasion from 2%° to 10.5° C. 1In this latter cnss there was
aleo an attendant v_ucouny inoreass {n the white water from 8.7 %o
12.8 millipoiss. If the &isporeing effect of the ksraya gom was
sinply due to a white water vigacsity increase, thea such aa inoreass
would be expected to be domparadle to the vissosity figures eited
above for the dlspersion effect observed with the tempsrature decrsase.
lﬂh the addition of the deacetylated karays gum, however, the ade
served viscoally increass was only half that produced by ths change
in temperature from 26° to 10.5° C. Purther, sines the viscosity was
only lowsred to 10.6 millinotse vhen the fider-gum diypereion was



‘ncltatnd tor £." hours, camlng tha ti‘bcrl to reflocculnts, it i
tmhtin‘v eomcluded M e dlmrllnc astion of the deanatylnted
karaya & was dus to Zactors ather than 'tt -Pftct of alizhtly in-
erensing the viscosilyy ef the white water to vh!ch it was Added, Such

fagtore ponaidly may involve ghenges in fider to fider sdreslon forces,

.!h_u eonelustion 1s tantative, however, sinse some question
might bde reieed concerning the procedure of filtering the white water
saavles before meking the viscosity msasurenemts. It ian necessary
to remove the susoended fiders, however, 1f mensurements were %o be
nade with the Ostwald capillary tude. '!n sdditien, 1t 414 not tui
1ikely that very precise messursmsnts oould be made with a torsional
typs visoosimetar, since the viscosities invelved were so very smell,
1f an instrument of this tyne, nore sensitive than ke usually used
yaokichael visconimeter coulA be obiamined, it would de of interest to
check the visoosity data obtained with the use of the Ontwald cavillary
tube, Ordinarily, 1% would have been nossible $o dheck the effect of
the filtering mction on a gam suevension having ao fiders present,
However, the gum Alsparsion {taelf conteined a small neroentnge of
anlida whick may have interfered with wiscosity neasuremente, Ine

cldently, the vresence of these "immurities® in the gun would Jefinite~

1y limit 1ts use.

It ie concelvable that the addition of & surfase sotive
saterial to a fider suspension eould have some offect on the £idey
flocoulation characteristics deoause of pouibli shanges in surfeoe
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tension forceam at the fider-fluill interfaces. Sinee no observation
of sny such effects has been reported in the literaturs, it was of
tnterest to make At least a few exploratory experiments.

Tlocculation run 22 wae carried out by using the standard
unbleacted eorunoe sulphite etock mm in tap water at 0.009% per
cemt consistensy and st & tempersture of 27° C. The flocoulation
characteristics of the stock suspended in tap water alone were first
obtained, deternining Sem flocculalion snd-points at various flow rates.
During this part of the run the white water RE inoreased from 7.2 o
- 2,0, After the flooculation charscteristies of the stoek slone were
determined, 15 per cent of a wetting agent, sold under the trade name
of *"Imponol,* was added to the fider suspeasion in the Readedox. This
percentage of the wetting ug@nt. basad on the Ary weight of the fiver,
deareased the snrface tension of the white water from 72 to %1 &mnes
per centimeter as measured on n Duouy tensometer. After suffioient
time ka! been allowed for dispersion of the chemfoal, the flocculation
tandencies of the stock were rodctam}.nod at ten different flow rales

through the obeervation tude,

The results of these teste are shown grephicslly in Figure 27.
Yor the blank ron giving the flocculation characteristics of the fiber
suspended in tap water alome, a dispersion index of 1.23 was obtained,
The addltion of 15 per cent of the wetting agent to the fider dispereion
decreased this index to 1.13, indicating & small dut significant de-
oreass in fider 4ispersion. '!'nr fhe two runs the oalculated elope

conetants of the log I ~ log ¥ relatfons wers 0.95 and 1,02, respsctively,
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in aprresment within the lintts of exerimeninl error,

The small increass in fider floconlation dus %o the addition
of 1% mer cent of the wetting azant is subdstantiated nhotogravhieally
{n Pimre 25, The top photogravh shiows the dispersimm obiained in
tor water alone (aurfnce tenelom 72 Aynes per asentimster) and e
dirmotly oemmarable with the lower nhatograph showing the effeot of

15 per cant "™Mupenol® on the fiter dlspersion.

Becsuas of the minoy effect ébsamd in this flacculation
ran, no further vork was done on determining the effect of other
surfacs active naterials on fider flocculation. From thie single
expariuent 1t 1a indioated that sn aotive wetting agent cmly slightly
increases the floooulation in a fiver suspeusion. Additional in-
vestizations, using various other surface astive materials, smd at
higher conoentratione, might well be nade defore further definilée oon-

clusions are 4rawm,

¥ost of the postulations, w:igh heve Daen mads 1n the 119
srature coneerning the effests of bdemting on Cider ﬁoemnuon; have
been arrived at indirectly hr considering the lffo;h of deating on
sheet formation. There are obvious cbjestions $o sush inductions
sinos other facters, such as érainage charsoteristics of the stook,
aust uf.r the picture, From pnroiy hypothetioal reasoning, it may be
nresuned that bdeating, if 1% iz sseentially a reduotion in fider length
obtained with sharp iackle, will decrease the flocculation tendsncies



g2 eandiy

TOReoIV P S = queBy Suger RTouetng, ‘oes/ows JO°T 100794 £018
P oA daueastmg ¢ CE06°0 HOUSISIIUO)  Fposs & Iudins sovads peucueIqun

41 ~ WL oTY

‘W [RULy T4 ~ ANFUR TR JO WOTBTRY
alouodug, ¢ Or sogd aegwn deg  q22 4 Wy

- 135.

1 = UOIICTNOIOTL *wo feusp gl - Jeyea

Qg-21 BB amwedey wppsumy




- 127 »

of a given type fiber. This would be a sizple mechanical effsct,
ssousing that the shorter the fider, the lass likely would be the pose
s1b111%y of fiber $o fiber entanglement. On the other hamd, 1f the
beating action is less drastic and 1s eontinued over a longer peried
of time, 30 that hydeation and fibrillation of the cellnlosic fiber
oceurs with only a reamssncbly szmall reductiom in fider lenzth, it is
ooncsivable that the flocculatien characteristios of the stoek would
be enhsnoed.

Te investizate these possidilities twe floccoulation runs,
19 and 20, vere sade, Rum 19 was made with the standard unblesshed
spruce sulvhite stook which had Been deaten in an ibbo‘pob’hh =ill %o
a freemess of 578 ec. S.R, fhé ﬂllh\g was dope with 90 grons of ovenw
dry pulp, a total of 3 liters af waspr uml dih 17 pethles nighiu
§,000 grams in the mill, Before milling, the ntpak was disintegrsted
| in the standard Sritish dleintegrator far 75,000 revolutions. Actual
uilling time of the puly was 75 ninutes, equivalent to & total of

4,570 vevolutions of the pebdle mill,

Yor the flocculation teat the proper amount of milled vulp
(578 oe, 3.R. freeness) was asdded to LGN pounds of tap water in the
floceulation tester to glve a fibar consistency of 0.074 per cent. The
run wns nade at a temperature of 24° C., amd the D¥ of the shite water
before and after the run was 7.2 and 5.0, respectively. Flocculation
ond=noints were determined for thirteen dlf‘fofmt flow rates through
the obaervation tube, these data being presented graphioally in Figure |
29. The calomlated dispersiocn index for this nebbdle-rilled stock was
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1.1% and the slope constant of the log ¥ - log ¥ relati~n was 0.%5,

e second flocoulation ran of this saries was made with
the standard wndleached spruces sulphite stoek whioh had deen beatem
in a ennll ) pound 1;11@ 1nboratory baatsr of the “iagara typs, Ths
roll and bed plate of ots dut&:ﬁt were in sxsellent sondision mnd
rensmadly :hatﬁ. The stoock was pmqnnd wurm to tlgo Itmaéard
TAPPI Hethod, T 200 m-7h, wish the nu;;‘ie‘q .tha.ﬂ. instend of unaing a
5,500 gram weight on the bed plate, 6,500 grame wers uged to inoreses
the cutting action on ﬂwﬂﬂbwﬁ. The total .'baating time wazs & minutes
and the stock frecness was reduced fyom ?"G ce. 3.1, to U0 ce, 8.1,
The beaten stock (167 grams of 1.1% ver cent oonlohbmmy) voare die~
persed in the Tloccnlation teeter with 45N pounde of water, giving sn
actual fider consistency of 0.0059 per cent. The temperaturs was 26° C,
_ aad the Z¥ of the vhite water inoreseed frem 7.6 to £.1 Auring the
sourse of the ron. Fourteen flocculatisn values for various flow rates
through the obaervation tuds were odtained; these are alse showm
graprieally in FPigure 29, The d!mnionl index for this beaten stook
was galoulated to be 1.05, and the slope constant for the log ¥ ~ log ¥

relation was 1,14,

Prom the dispersion indices, 1.1% and 1.0F, for the milled
and beaion stook, respectively, and from PFigure 29, 1t 1l apparent thad
bot: nilling mnd beating of the fibers tended to inoreass thelr floo.
culastion characteristica. Further, o comparison of these disparsion
{indices ﬂth the nnraéo walue of 1.24 for the digpereion index of the

unbeaten stock stows that the effeot of bHsating s net an extreme one,
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although thers 1s n definite decrease ia the degres of fider idls-
persion, These results are subatantiated photozrahileally in Flgure 30,
In this fizure $he top photozraph shows the degree of 2igpersion obe
tained witr \mbgutm fiber, while the second and third photozraphs show
tre slight decrenss in dispersion, resulting from pedtle ~1lling and

i
l1adoratory beating, respsotively.

A further cowpariscn of the dispersion indloes for theee
beatern pulps shows that a small 4ifference tafisttd between the pediles
nilled and ladoratory-beaten stock, alfhough this variation is just
beyond the possible limite of experimenial error. Accordingly, it is
not desiradble te bmm’ oonolﬁnit;ne on thess dats alone, Howﬂf. )
someshat wnusus) cbservation was u)lg in the c’ncvof the steck processed
in the Van‘sy beater, which m “indlente tha‘ thtis diﬂ‘omu ray ds
significant. In thie case, {yun 20), 1t wae gdeerved during the course
of the flocculation run that ih.Q ﬂborny Mchod thenselves into stringy
nasses amund the high goend stirfer blsdés in the head-box, Tbh
sane bhnnnmenen led nover been ocbeerved bafors with thf: beaten stook,
nowever, it occurred to such sn extent that the stirrers were actually
wlowed down by the agelomerating fiders, and it wae necessary to re
nove thege hunches from the stirrer bYlades at various times throughe
out the course of the run, Incmanta.n'.y.‘ it 1s prodedle that this
accounts for the low fibar oomie'tmay valus obtained at the end of

the rm.

Tis "valling up® of the pulp hesten in the sharp tackle was

not obeserved in the case of the pedbhle-milled stock, although both types
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of beating seexmed to increase slightly the flocoulatlsn charsatere
istice of the fider., It is possidle that the sharp tackle of the
Yalley laboratory beater not only cut the stoek, dbut also bruised

the fiber to such s degres that a kind of *amasro~fidrillation” oceurred,
shioch enhanoed 1% flooculakion charsateristios bessuss of {ncrensed
neghanical entanglexent. "infortunately, no niqmmopic examinntien

of the mi'led and beaten fidbers was mods,

An additimal 41fference batwsen the pedbble-ailled sad the
heaten atoek is that between the ula;n conitoﬁts of tre log -l }
relati~ns obiained for the iwo rans. 1t hae been previously suggssted
that an inorease in the slope constant may indicate Y éicmuo' 1n fiver
te flber athesinn forces. 5Since the slope eonstant of ths bYeaten stook
wan 1,1% or cowpared to 0,36 for the pedble-milled fibers, shia line
af reasoning would indieate thnt the adkaglon forces betveern the fiders
of the beaten stock mere smaller than those sxisting betwesn the fiders
of the milled pulyp. These adhesion forces may de tle rﬁultant of
severzl components, ineluding surfece energy forces at the fider-fluid
interfaces and simple mechanlcal eniangleaent, due possibly to fibdrile
lation, or prerhaps sven to a sharp fragture of the fiders. The slope
oonatants given above for the beaten and milled stocks would indicate
that hydration and ﬁbrillation increassd the adnesion forces as come
. rared to » fiber outt.tng action presurnbly odbtained with t)u‘ 1sboratory
beater. Tno extensive internretadion of the slope constants sand their
relation tn fibver adhssion forces, howevar, may not de justified at

the present. It 1s conceivadble trat other factors, sueh as fider
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donsity and settling charssteristics, may alec be concarned with a
ohange in the slope constants of the log T « log ¥ relationn odtained
for the variocus cenditions, Settling rates of fibers would have more
signifiosnce et the lower flow rates through the obeervation tude than

in the cane of higher velooities) this could accomt for appreeiadle d4if-
forences in flocoulation values at low flow rates for pulps vhm; had
praatically the same flocculation charssteristice at higher velocities
of flow,

| It 1s thus obvious that, with the limited ameunt of data on
the effects of beating, only one dsfinite condlusion can de drawm,
namely: Dbeating, inoluding hydration, fidrillation, and a sharp cutiing
action of the fiders, tunds to increase the flocunlation charscteristice
of the latter. As measured ¥y the flsocenlatinn tester the affect is
not marked, dub 1% v 1111 lavge mmough to be significent. Turther
experimentation d-;igncd té {snlate the 0?!‘001 of factors such as
fivar length, width, sad specific surfase on fiber flocowlation would
atd matertally in the {nteypretation of the Aata now avallable.

In Plguire 70 there ts 6leo tncluded a photograph at the
Yottom of the figure showing the Alspersing effeet of 100 par eent alum
on the pebbled mill stook,

In conneotion with she effectes of Yeating on fiver floe-
culasion characteristios, it may be of interess $o mention again the
rewults obtained in the case of yun series 15, shich has bean previous-
17 dlesussed on page 110 with reference $o reversion of fider dis-
persion whioh occurred when the fiber suspension was allowed to setile
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umder quisscent conditions in the floceulation tester. This run was
nade using the standard unbeaten, undleached spruve sulphite vulp
suspended in $xp water at 0.0097 per cent consistency and a temperature
of 25° . The initial flooculaticn characteristics of the fiders were
obtained by determining Sea flocoulatien endepoints at differemt flow
rates and caloulating the log I - log Y relation. Tollowing this,

the stock was allowed to stanéd 24 toups in the flecculation tester and
its flocoulation characteristies redeternined. This procelure was re-
peated n sescnd time after another standing peried of 24 hrurs. The
log I - log Y equations abeained vere, Mpioﬂnly:

log 2 = 1.23 + 0.93 1og ¥  (Inttial)
log 2 »1.10 4 0.92 tog ¥ (% houre)
log 21024099108y (k8 hours)

As previcusly discussed, a slight deorease in fiver dispersion &ue %o
resivenlation in the flocowlation tester is ahown by ths ohenge in dis-
persion indtces fyom 1,23 to 1.12. Since bdesting hes been showm to
effect a similar emall decrease in the dlspersion index, it was thovght
that the fiber was possibly hydrated, te some extent, by circulatiom
through the small osntrifugsl pusp in the flocculasion tester. To
chesek this possidility, the steck from yam 18, which m.m in the
tester L8 hours, was allowsd to settle and sufficient of i\ remeved

to nake a freensss test. ‘!m results of the latter gave a fresness
value of £50 oc. S.R,, whichk checked exactly the frasness of ths original
milp, indleating that no significant hydration of the fiders was in-
curred by alroulation during the oourse of three fleooulation rums
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over a Pericd of 48 hemrs., This result secms quite probedle beermne
of the very dilute £ibar consistency ad whichk the floocalation rune

wore nmade.

Your flocoulation runs (71, 12, 32, aend 5‘&) were madte ¢
determine the wariation of fider dismersion with aonsistenay. Tre
standard unblaached swmrnee sulvhite valp, susvended in tap water al
° C., was used., The consistenoy rangs investigated e 0.0047 4o
0.0195 nay cent Ary fidsr. It wag not fessidle to attewnt an in-
vratigation of flecenlation effects at consisiensles sbove or below
trhis renge hgemnn of the 81ff4cvlty of making visual odservations,

At the high stook densitias it beesnme very difficult te differentiate
bYetwean flocoulated fider bunches and the mors or less solid back
ground of fiders in the chssrvetion tube which were not agzlomersted.
Likewise at the lovw consistencies, the fiber flooks 414 nnt stand out
very markedly against the dDlack backgrewnd bahind the observation tube,
sinee almnat as muck of this dackgrnund ecould de seen through ke sec-
tion of the tube where fider Aispersion was eowplete, The value of
N,01 por cent cousistency geve the optimum contrast detwesn fider
flacks and disperssd fivers snd was originally selected as the standard

arneistenoy for this reason.

The results of the four flocoulation rune made at 0,707,
00116, 0,013, and 0.0195 per eent fider consistency are given in

Padle YI1 and also granhically in Pigurs 71,
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Table Y1

EFTEOT OF CONSISTRMCY OR FIBFR PLOCCULATION

Unbleached Spruce Sulvhite Stock Temperature %5° C.
Tap Yater
Bun Yo, Aversgze ‘!‘mpomtm Thite ¥ater ax Digpereion Slope
Conaist-~ Lisite ... . ) Index Constant
ency re, Rt Hste ) (K,)
(%) -
3] 0.00RT - ak,0.27.2 | T7 . B 1.3 1.12
b1 0,0116  23.8-24.8 1.5 8.2 1.04 1.02
3T 0.M33 2K,0-26.5 .7 Ba 0.£27 1.10
32 0.0195 h.6-26.5% 1.6 8.1 0.207 0.96

Prom the dispersinn indlees given in the adove tadle, %
ts avident that at the higher consistensies fiber flocculation was
appreaiably inereased. This s also svident from Pigure 31, which ale
lows a comparison 40 bs made of the resulis odtained at these four
consistencies with the average log I ~ log Y ourvs fer 0.0037 per cent
fider consistensy (dotted line on Figure 51). Pigere 32 allows a

visual evaluation to bs made of the effest of consisteney on fider

flocevlation,

Trom theovetieal consideraticns, incrsssing the fiber con~
sistency un %o a definite limit night well be expested to increass the
degree of flocculatiom, Thir increase would be siwply a statisticsl
affeat, sinse the greater the numder of fiders in suspmneion, the
greater the numder of fider-fiber cnllisions and, hence, the greater
prouability of increased flocculation. Towever, the motion of fiders

noving past one another should tend to senarate fider Buncres ané,



- 147 -

1€ exu?iy

18 - m.» B ‘cojua deg ‘0 62 oxmysIedmoy %0038 03 TqdTns eonxds POYIESTQTN
EOIIVINOOOIL WHEIL KO XOKIISISNOD &£0 JOKLIK
£370018) MOTL FO FOT -
$°0 n°0 2°0 0 2o~ L 9°0~

6°0
0°t
1°t
2t
1 ¢
1t
S°t

9°t

enre) uOTIVTNOOOLL 30 o




2 ey

9 92 eanysaeduay o8/ 'm0 go°y ZLII0010A HOYLZ Jegua day 30038 03Iud{ns eonads pPeyveeIqun
. XDRZISISHOD &0 I0¥3IaN

£ous381su0g ¢ G610°0 2t ¢ wg

8°9 - UOIINTNOOOLL 1'g ~9°L ®&

\

TR T I T P
. Fariir, 208 e B, -, gl X, & o & RPTI A‘M.v...nruw

: , e DUAY ¥ agiaty LG Wi el < i g 2 Lok
1g-Ll 58 LHueysisuoy] ¢ £€10°0 £€ ¢ wg

R
1

—————

o G 1 0
A
!

~ - . a3 3 N P HA
S 2k I - he ° ‘.( g BT X ~ .
g - B . 5 SR o & ol
. « ; ‘ R I 3

l& ,

ST - UCTIVIROO0TX

08 ~2'L B  fouseiwuop ¢ £600°0 &2 # WA

Lav.

92 - UOTIVINOIOTL 1's -1l 5@ £ouegsisuog ¢ [n0O°0  IE 4 UNE

S




v}.‘-‘?u

accordingly, when {he 'mm consistency excesds soms definite limit,
the degres of flocculation nighs Ye. expecteld to yemoh a gonstani

raximim value,

From the resuits givern in Table VIT and Hmr'n 1 and 32,
it t.. inéio“oa that wuch a constant vaxiwum degree of flooculation
iru sporoached at mpmximtaly 0.02 per caat consiatency, sinoe the
Alfference in the degree of floceulation ocourring at 0.0123 and at
0.010% per cent consistency was reasonably small, Howsver, as has al-
resdy beyrn mentioned, at least a portion of this effect may be auribumv
tr; the mauimu flocculation values which may bo obdtained at the com
parstively kigh sonslatencies becsuse of lack of contrast between the
fiber bunches and the dispersed fivers. Thersfore, conéluunnn from
the data must be limited, snd {t may be sald thaf within the linits of
0.005 and 0.02 per oent fiber comeistency, increments in the latter
have been observed to apprecisdly inorsase the degres of flooculation,
However, such inorezses in flocculation were not found to be proporw
ticnal to the oonsistensy changes, deing notieeadly smalley for equal
consistency changes in efther the high or low values of the range in-

vestigated,

he fact that chonges in flocoulstion proportional to the
consintency changes were not found in the lower consistemcy rasge
(0.0 to 0,01 per ceﬁi) ﬁw be due to a subjective variation in the
flocculation endepoint. Anelogcus to the condltion which exists when
alun ie present ne a dlspersing agent, tha maxirmm sive of tiw fibw

{locks formed at 0.005 ner cent density !s quite emall ns compared
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‘with that observed at the higher oconsistencles. ™hie ‘may have canged
the flocculation endepoints for tha low consistengy run to be fudged
too huh‘ in the flocoulatinn tude, gziving an adnormally low dispersion

value,

L3

In oonoluding the sxperimental work an the consistancy runs,
{4 was of interest to check the diepersing effects of alum doth at the
0.0047 and 0.0199 per sent fiber scnsistemciss. FPhotographs of the
results observed are shown in Yizure 13, The marked fiber dlspersion
rewulting from the forsation of alumina flock in the white water, sn-
alozous to the effacte ebaom& at 0,01 per esnt .mnhtw. is ovident,
The faot that this dispersing affact of alum has heen obeerved for all
connigtencles in the vange 0,005 to 0,02 per oens indioates that

sinilar effeats may de expscted %o oocur at consistenotes from 0,2 to

1.0 per cent used in paper machine everation,

To Aetermine whother alr drying eof the pulp fiders would
alter their flocoulation charscteristios, a batoh of the standard me
dleached spruce sulphite gulp was alr-dried over a period of severl
days to 92.9 per camt oven-dry pulp.

A quantity (22.22 grems) of this air-dried stock, sufficient
to give a fider consistenay of 0.0ME per cent whem dlaparsed in the
floceculation tester, was sosked in water U houre and &lsintegrated in
the Britioh Alwintegrator m-cording to the stanéard procedurs. . It wae

then dispsrsed in thk head-dox of the flocoulation tester at ?1t.5” C.,
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and ten flooculation u‘;@ vere dstérained fer different flow rates
st.rongh: tho~p%ii}vattbn tubs. Pros these valuse a dlspsralon index
of 1,16 mnd & slope constent of 0.08 for the log I = log'Y relation
were oalculsted. 'io-pma4né«¢h«.¢ valuss with the aversge dispersion
index of 1.24 and the aversge slope denetant of 0.9€ odlained for the
log I =~ log Y relation exoressing thavdqm of Nooenlation for the
undried pulp, it is apparent that no significant change in the flodcue
t1atinn charsoteristice of the fibers ocourred Auring atr drying.

Tt 1s possible that thie air &rying of the fibers was not
suffisient ¢o pfodnn apprecisdle change in the wettadilify of the
f1ber surfaces. If the latter 414 ocour, it is possidle that fider
flocculation sharacteristics would be altered dus to changes in fider
to fiver adresion foreces. Further lnvestigation along this line,
using completely desiccated fiders, might de of interest.

This final set of two flocoulation runs was made to glve

some {ndiestion of the role played Wy fider length in $he flooculation

phenonenon,

An wnblenched Douglam fir sulphite pulp was nzed in the first
of these runs (no. %6}, since !te average fider langth was inomm to de
appreolably greater than the average fider length of the standard une
bleached spruce pulp used in the nrovicus experimenis. The Douglas fir

pulp a8 obtalned for use in the flooculation rua was 93.5 per cent
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oven-dry. A sufficient quantity of thiz ailr-iried puly was dis-
persed in top water in the head<box of the fisooulation fester Vo
give a fider consistenay of 0,0087 per osn$, whioch was sozewhat

lowsr than the consistency usually obtained. The temperature at which
the run was aade was 250 C. and the pd of the white water at the

start was 7.7, increasing to 3.1 at the end of the rum.

An unblesched bireh sulphite pulp was used for the second
ran of this sertes (no. 371), bdecanse of ite lower average fider lengt:
as comparsd with that of She spruce fiders. This pulp wse also alyr
dried, having a molsture content of & per cemt. Yor this flocculatinon
run, 32,5 rrams of the aip-dried stock were dispersed in tap water in
the fleamlation tester st a conaistency of 0.0099 per @ent. The rum
wns made at a temperature of 75" C., with the pH of the white water

inereseing from 7.5 to 3.1 during the course of the run.

for both runs 3G and 37, at least ten fleaculation velues
vere determined at different flow rates through the obssrvation tube.
The results are given grantically in Figure 3 where comparison css
also be made with the flocculation charscteristics of both the alre
irted and wet-lap standard unbleached sprude sulphite stocks. Run 29
vae made vith the aireiried spruce pulp, stile the dotted line in
Fizure 3L gives the averags flocculation ohuantcrhtiﬁ of the wet
stook. The dispersion indices and other pertineat data for sach of

the runs are given in Table vIII.
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Pedle VITY

FLOCCULATION CHARACTRERISTICS OF DXMIGLAS FIR AMD BIROH SULYNITE )
TLETPI RELATIVE 70 TRAT OF SPHICE JUTPKITE PIBRRS

Piber Crmsletsnoy 0.009% & 0,0008¢ Tewrerature =% ¢,
Tan ¥ater
Fun ¥a, Unbleached Conslstency Thite ¥ater pff Dispereion Slope
Tal-hite (%) Index Constant
Palp Start Vintsh (%) (%)
- Snruge N7 7.2 £.0 1.2% .96
{wet stook)
ool Somce 0.0M6 1.5 g£.0 1.18 0.98
{atr dry)
25 Donglne n.0087 7.7 £.1 1.13 0.02
iy
37 Aireh 0.0n99 1.5 8.1 1.27 . 0.94

Trese vegults, in general, show that neither the longer
fideysd Douglae fir nor the shorter fidered birch puly sxhibited floo-
onlation characteristios markedly Aiffersnt from those of the stendard
soruss sulrnite mulp. Actually, the Douglas £1r fiders 414 show ine
creased flooculation tendenciss as comrarad with the spruge pulp, but
the dlfference between the dispersion indices, 1.24 and 1,13, is cone
plderedly smaller than that vhickh might de expected from the difference
in fiber 1sngths of the two pnlps. The same opinion may be expressed
congerning the small dlfference batween tha dlspersion indices of the
rardwood hirer: and the spruce fiders. In oconcluslien, it xmay bde ssid
that only reasonadbly small differenass in the floocculatlon charasters
totice of birek, DNouglas fir, and the standard undleached snruce
sulptite pulps wers ohserved, Tiis would indicate that the fw&or

of fiver length, as it ooncerns fiber flocculstlon, is of lass importance
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than a number of other factors which Eave heen investigsted.

This concludes the experimemtal work in which the flocou.
lation tegter was used., 3Bofore 'Miﬂuc the rasulte, howsver, the
work whigh hae Deen done on the torsiom balance dsveloped for the

mensurenent of fider to fider adhesion forces will be presemted.

A number of the results odbtained by the use of the flooou

latinn tester, amd &issassed in the previous ”ﬂlﬁn. Rave indicated
that fider to fider athegion forces may de involved in the phesionenon

of fider flootulation. The initial floeculation sffect of alum followed
by & marked dispersing action, the 4ifferendce that was found to exist
Yatweaen the degree of Tiber dlsnersion in tap water and that in dlstilled
water and the very definite fider flocculation resu'ting from Senpere
sture inoresses conld be related, at least in part, to changes in sure
face energy forces existing at the fider-fluld interfaces when the

fiders are susnpended in water. Thersfore, as already statoed, it wns

of interest to attempt some mensurement of thess foroes.

‘ T™he work wrich has bYeen dcne thue far a.'!.cmg‘ these l1ines 18
ersentinlly of an exnlnrntory natura, %he torsisn dalance criginally
designed for investigating the fider Yo fider adhesion effects has nod
Proved to be entirely satisfactory. However, with its uss the existence
of adhesion forees between ‘ndivifual fiders has deen estadlished ond
some tectniques which may bs avmlicrdle in subsequent work hizn deen

developed.
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Actual fider to fider adhesion measurements have basn wade
with ﬂ'birc sasoended in tap water, distilled waler, and in $an water
st an slavated temperature. The indlvidual fivers used in the ex-
perinents were isolated from the stamdard wableached wpruce eulphite
palp used in the sxperimental work with the flocoulation t.utor.»

on pages 60 to 72 the detsils of the torsion dalwnoe, as
well as the specific procedures used in making the adhesion force msas-
urements, have been described. Yor each condition, such as the investi.
gation of adhesion forces in tap water, five sets of fiders (ten ine
Aivideal fidere) wers used. Tor each set of fiders, at least five
individuel measursments of the Adlsplacement of the lover itchs besn
beayond the sero point were made. The aversge of thess five dleplsce~
ueat valuss was used to caloulate an average adhesion force for eash
pair of fiders.

The results odtained when measurenents were made with the
fibers submerged {n tap water and in distilled water are shown in

Tablee IX and X, vespectively.
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Tadble 1X

 FOARR - PTBET ADTESION VEASURFMENTS
INBLRACED BPRVCE SUTIRITE e TAP TATER

Average Termerature 22.3° 4 0.6° ¢.
Tayeion Wire Yo, 1t 4 = 0,0811 dyme-cu./rad,
Length of Ondlonl Lever Ara (q) = 107 om,

Tiver 3Back  Rate Hest  Max.  Dise Adhesion ¥orce
Palr Do = of noint  Swing - place-
Xo. viagee  Tiber e ment T 4ox  (dymes)
wont ; lobien  (Soale {Soale (%) 2°q-y
(om.} (em./sec.) read.) read.) (om.) Unoarr,  Corr.
Torqus amm (y) = 1.70 om. o™ty tnoh
5.6 00Th Th.1 ™H.é 0.8 ,
©.0 0078 Tha ™.7 0.6
1 5.% .L00%9 73.7 8.4 0.7 1.% 2.4
5.7 0059 C713.2 13.9 0.7
5.6 +0068 13,2 736 O
’ 5.6 "m 0058
Porque arm (y) = 1.70 om.
5!2 qm 7“'5 Tulo -
2 ?3 6'3”55 ;i: ;:’3 g'ti; 0.82 1.9
X .0063 76 o O : '
5. 058 3.7 ™.2 - 05
’:th omel i 0‘37
Torque arm (y) = 1.77 om, ‘
. gcs .Omj 71 03 71 vg 3'1 »
‘o om 75., 750 02
b 5.1 cclg 76.0 .1 0.4 1.8 2.6
500 00%0 11“6 7612 106
£.0 0087 ™A 7%.5 1.0
5.0 . 0066 0.72
Torque are (y) = 1,75 o=, |
5.0 .0060 15,0 7€ .8 0.5
£.0 L0060 5.4 5.9 0.5
,‘ E:'!O QW)Q 7503 75&5 0.5 101 2-2
5.5 L0057 75.5% 76.0 0.5
€0 L0051 5.1 5.1 0.6
P! L0857 N.52
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Tadble IX (continued)

Tiber 3ack Rate Rast Max, MMs~ Adhesion Foree
Pair Dis- of poing Swing 7place-
Bo. plage« Pider pent Y= _t:x (dymen)
ment Motton  (Seale (Soale  (x) 2.q:y
(en.) (om./swee.) read.) resd.) (om.) Uncor‘:. Gorr’.‘
Torque arm (y) = 1.7h om. | (220") (x107)
4.8 - 0069 =a 5.5 0.b
- &.0 .0060 75.0 5.3 0.-3, e
5 505 le hoe 7 ;3 o-h 0.92 ’ 2.0
0 0059 - Th.S 9 - 0.
2.9 L0060 ERLE Th.T 0.4
5.0 .0062 _ - 0.k
Total Aversge , 2.52 1.13 a2
Table X
PIBYR - PIBKR ADFESION UTASUREMENTS
UNALEACKHED SPRUCR SULPHITE PIRVRS - DISTILLED WATER
Average Tempsrature 21.2 ¢ 1.4° c.
Toraion Wirs ¥o. 1} t = 0.08511 Ayne-om./rsd.
Length of Optioal Laver Arm (q) = 107 enm,
Pider Back Rate Rest Max, Dis~ Aghesion Foroe
Palr Die- of peint Swing place-
Y¥o. place- Tider ' " meat J e _3$-x  (Gynes)
nent ¥otlen  (Beale (Seale  (z) 2:9'y
(om.) (om./nes.) read.) read.) (om.) Unoo.rz. <Jom~i
Torque arm (y) = 1.74% om, . {x10"7) (m07")
k.9 .0059 na .9 0.8
5.0 ~,00k8 13.2 The.3 11
1 5.0 0087 73.2 7’4.2 1.1 %.0 4,1
k.9 8&2 73.1 1. 2.5
50’.- . 12’5 73'9 1"‘
5.0 . 0081 1.4
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Tadle X (eontinued)

Total Average

Back Rate Rest Nax. by, ¥
Din~- of point fiwing place-
1l age- Tidver nend
memt ¥otisn  (8Seale (Seale  (x)
(em.) (om./ne0.) read.) resd.) (om.)
Torque amm (¥) » 1.82 onm,
£.0 L0062 76.6 .2 0,6
5.2 D060 16.7 77.2 c.%
- A B
5. -008% 6.6 111 0.8
£.1 . 0061 0.58
Torque arm (y) « 2,%% om,
l#? 3817&2 75.5 772.6 g.g
§.0 -on7h ;2:1 16:2 0.5
E.1 0077 5.7 7.0 0.%
5Q° GM"B 76'3 76‘8 0‘5
5,0 L0067 0.%2
Torqus arw (y) » 1.75 om.
.l 0070 5.4 .8 0.k
5.6 . g 5.% T5.8 0.
5-0 .90 7501 E‘? 0‘
5.0 003} 75.8 1 0.3
6.1 JS052 5.8 16.3 0.5
5.2 0038 0.2
Torque arm (y) = 1,66 om. | S
5.0 0055 7MW T3 2.9
5.0 .0023 73.8 11.0 3.2
£.0 .00 7.3 73.8 0.%
5.0 0058 7%.2 1.3 04
h.0 L0052 752 ;ag gg
5.0 L0052 Th, . .
- 5.0 ggan 72.2 12.6 | 0.h
4,9 L0051 1.3
0.82

Adheslon Yoroe

e _fox_ (dmes)
2:q-7
Uneorr, Corr,
mo"") ( :’10"‘)
1.2 2.2
0.68 1.5
0.91 2.0
3.0 h.1
1.76 2.73
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The 1ast two columme in the tables give sn wmoorrected
and 2 corrected adhesion force walus. The former was obtained from
the forsmalat

r- 12
218

vheve Y 1”‘“ adhesion force (Meo). 3, the torsion oconstant

of the gold wire (&yne<cm./ radian). 3, the average displasement of
the lover light dean deyoud the rest point of the suspension (om.),

4, the length of the optical lever am (om.), and 7, thi torque amm,
or the horisontal diestanes from the point of contast of the two fiders
to the vertiocal =xis of the torsion suspensien.

Rowever, as already mentioned on pages TS5 and 76, this evaluation
of the adhesion foroe does not take into somsideration the effest of fluid
frictional drag on the uwppey horivonial glass arm on whieh ene of the
fibers wax mounted. The ohvious effect of this flutd friction was %o
decresse the fiber to fiber adhesion foroe as measursd by the dleplace-
ment of the 1ight beam. -

Direat celoulation of the adhesion force from the displace-
ment valus, x, also neglects the effest of the momentum of the nipmdo&
system, whlch would Semd %o dfeplave the latter slightly beyomd ite
sero or rest point, The eoffect of .tylo inertial foree is ovposite to
that of the frictiensl drag, Sending o inoreass the apparent fider %o
fider adhesion foree as measursd By the light besm &isplasesent.

The magnitude of these frictional amd inertial forees depends
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upons the speed at whioch the fiders are pulled spart and wpon the
visdosity of im fluld {n which the measurements are made, For the
fornar resson, the rate of fiter motion during all the measurements
war 1eld reasonabdly constant as indiosted by colwm ¥ in tadles IX and
X. Aetusl variations in the ratos of motion were mometines as large

as 30 per cemt, due to o rather crufe speed regulation on the driving
rachanisn of the dalande, bul even variatione as large ss these are
not siznificant at the niy slow rates of moverant used. Acsomdingly,
sinoe the rats of motion of the fiders and the visscosity of the liquid
in which the adhesion measuremsmts vere made, were imcihly aonstant
for all experiments, the uncorrectsd adhesion forces calouwlated direct-
1y from the obasrved dlaplacement afiv‘the‘ lover Yight Yeam sre relative.
1y comparable, However, to give ;mn fa!bnoiuto volue to the adhesion
foroes a comstant correotion fagtor for the effeat of friational drmg
and inertial foroe of m--umm'mm‘im was applied to the average
displacement mﬁ. 2. '

Ths procedure for detersining $he correcticn fastor for
viscous fluld drag on the glass arw of the suspeasion has alreacdy been
descrided on page 76. The value of the fastor in terms of oentimetors

diaplacenent on the optical scale was approxinately +2 eemiineters.

To obtain an mpproximation for the inertial fords tending
$o incresse the obaerved afthesion forwes, the following procedurs was
nsed, The ‘mpemalcm was mounted exactly as in the experimental work
with the upper horisontal glase arm in the platinum saddle and sube
merged in the water in the glass-copper oell; the motor was gonnected

to the upper drive shaft of the bdalance. The entire suspension was
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firet rotated to the right at the same speed as that used during

the fiber mensurenents. After the light b«i. reflected from the
upper nirror of the torsion suspension {(r, Pigure 'é). wvas observed %o
nove exastly 5 centiasters alomg She top optiecal seals, the robtation
of the ontuﬁ suspension wac stopped aad the maximom swing of the
lower 11ght beam %o the right was obssrved on the bottom opiieal
scale. The entire suspension was rotated tc the right aa additional
X gantineters as indicated by the movement of the upper light desm on
the top scale. After iwruttng the motion of \he suapsasion, it was
sllowed to ¢nme %o equilidbrium in this position. Then, by reversing
the motor, the entire suspension was rotated $n the lef$, agaln at

the sazc speed used in the ndhesicn force messuresents. After the
1ight dear on the upper soals had moved through a distance of £ omnti-
netere, it wam stopped at exaotly the same poh\t on the socale as in
the preceding case of the left to tiuht nuurumt. The maximum swing
to the left of the lower 1ight dess waa the obumd, ,The difference
between the tw conh rudim abtaincd foy tho anhu 10!! and nare
imom right swing of the lower 'U.@t bnm wae divided By twa, and this
quotient comluru % b the oorre“ien fadtor in cemttinoters as
nessured on the lower optioal scale for the inertial offess of the
suspended system. The avepage of ihis dorrection fastor, for a number

of resdinge taken in water, was 1.5 centinefers.

Combining the positive gorrsetion factor of 2 osntimeters
for the effect of fluid viscosity om the glaes balance arm vith the

negative inertial force factor of 1.5 centimeters, an overall correstion
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factor of +0.5 centireters was obtnined. Phis was then added to the
averagze displacenert value, z, In the caloulation of the carrsoted

fider to fiher afhesion force.

The mmo onrrected wvalue of the fidber to fider athesion
force obtulmd for the undblesched moruce sulvhite ﬂbou in tep water
wae 2 ? x 10 dynes (Tadble IX), Corresponding to this force value,
the aversge d1igplacenent of the 1lzht beam on the lower ontical ecale
ves 0.52 erntineters, Purther, it will be observed that the average
mriuur;n in the rvest point during any seriss of mensurements on a
fiber palr was arproximately 1 aentimeter. Aceordingly, 4t smst de
gonoluded that fha adhealon Zorces mesgsured for the specific aondtitions
were at the lonf 11218 of seneitivity of the Balance and, for this
reason, thelr acourecy say be queati-ned, The mu\m devintion from
the wmesn of tho foroe 'uluu was of the order of 4o per cent, Purther,
Yetauns of thil laﬂcr wariaticn, the significance of the "average®
fores values for meagurémenis, made’ on oa'lr ﬂ_v’o' fibder pairs, mey be

questioned,

Thb,.avgm‘? athesicn %oros botween the fiders sudmerzed in
distilled water was 2.2 x 10')‘; dytes, which is an incrense of avpraxe
tmately 2% ner cent over the avarase !orci of adhesion betwecn the
fibers neasured in tan water. Pron the flocouladisn noaeitrensnts, 14
*111 b recalled that a somewhat greater flncoulatinn was observed in
41811104 water relative to that obtained in tap water. lowever, the
orepoasd internretaticn of the log ¥ - log ¥ relatione, indicated that

the adresion foroes in distilied water night be expected to be snmaller
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than those exicling bBeltween fibers ‘auc})endod in tap vater, 1t was
then pontulated thnt the rrester flocoulation in distilled water oowld
be Aue to factors other than edtesinn foraes. The remalte of the
neasuresvnt of theze latter values on the torsion balance, however,
indients thet the 'noressed t’i’Sor floceulation in distilled water ney de

fue ¢35 s morense in fiber to fiter athesion forces, & mectanism

.aocomiting for such an increase i3 not at once avident, and, ndmittedly,

the torsion balence messuresenis are sudblest to » large experirnental
error. However, the 25 per cent inoresse in the adhesion foroes ode
tained in distilled water wslaotive $o those in tap water secms likely
Ao be of some value in iadiesting & trend. .;t has alresdy been mentioned
that tno Qxfiuulvc mtcrérctauon éf chaﬁgu in alope aonstanta of the
log 2 - leg ¥ :alaitmc_ s ;Srr?bamy no¥ dn!ri’bu‘imtu‘ further ex=
pvrtmentdim hag‘ zhmm ﬁoro d'ctAlnuoly some of the factors that ine
fluenos these changes. Thersfors, it nay Be goncluded that rather
sruds measurements, using the forsion balanae, have indicated an in~
cranse in fiber to fibar adhesisn forees in distilled water as compared
%0 thnze ohlained in tap water. Thie increase correlates vith an ine
erezse {n nocmlaﬁnn of the fibars in diatilled water as measured

By the Alearaion index, caleulnted from data obtained ueing the floow
oulation tester. 3By improving the present techniquss used for the
measurenent of fider to fider achesion forces a consideradly greater
insight inte the fundamental factors involved in fider flocculation may

be sxpected.

'A'ho resulte of the fider adhesion measurenenis meds in tmp

water at an slevated temperaturs (approximately 37° C.) are gtven in
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Table XI. To make Shess msasuremsats at 37° C. it was necessavy

to enonse the entire torsion balanee in a chamber whioh could be kept
at this temperature; this was required so that the halance weuld de
1sothearmal to eliminate sddy currents, both in the air within the
talonce case and in the fluid in the glass eell. The tesperature
chanber wae improvised from a large cardboard dox in which glass wine
dows were built so that the necessary optical measurements on the
syntem could be made. The temperature _tithtn the ohamber was maln-
tained with eeveral small nighrome wirs resistors.

Tadle T

PIBER - FIBER ADHESION MRASURRMINTS
UNBLEACHED SPRUCK SULPHITE FIBERS  ~  TAP VATRR

Average Temperaturs $7.9° ¢ 0.‘3‘ N ‘
Torsion Wire Wo. 1; & = 0,0811 dyne.cm./radisn
Length of Optieal Lever Arm (gq) = 107 em,

Fiber 3Back Rate Roat Max. Dige Adhesion Poree
Palr Dis of voint Swing place-
No. pPlace- {der ment T = _§.x  (dynes)
nent Notion  (Sosle (Scale (x) 2eqy
(om.) (om./ses.) read.) resd.) (oa.) Onoerr. Corr,
Torque arm (y) = 1,70 om. (xlo'k) (xlO’h)
5.0 JDORK 12.9 3.2 0.8
5.0 0057 n.2 n.e o. '
1 a.o JO0R8 .3 n.g 0.6 1.3 2.4
9 .gggs .3 712.0 0.7
.2 L0080 n.: T2.0 0.7
5.0 00RE 0.58
Torque arm (y) = 1.56 om.
5.1 LO0u8 70.1 n.g 1.4
5.0 L0083 J1.0 Nn. ol
2 5.2 .00% n.1 T2.5 1.b 2.2 1.h
5.0 005 T T2.2 12.9 0.7
5.3 0053 T2.4. 3.0 0.6
5.1 0082 ~ 0.90

Total Aversje 0.4 1.75 2.9
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Only twe sets of fiders wers measured, whiak very definitely

liaits the acouracy of the average eorrected athesion !’6!‘” valus of
-l

2.9 x 107 dynss. However, the maks-shift construstion of the outer

chanbey used for temperaturs control made the test prequdnh very
lengthy, since it was necessary to remove the Shamder tc change eash

st of ﬂbor-.- méd a connlgornbh asount of tims was then required to
bring th.’ systen h.e!: $o teapersture equilidriums, The nnltn'M in-
4toate & slight inerease in the adhesion forces Leswesa ih_l fivers

at {norcased temrerature, which is in agreament with the narked inecrease
n fiber flocenlation under the sane conditions as measured by the
flocoulation tester. Again the acoursey of ¥he adhesion force messure-
nents {0 1n quention, and no further conclusions are warranted uniil

improvessnts in the torsion balance sensitivity have been nede.

Samarising she exvioratory wnrk wvhich has Yeen 4done on
the nmmqtc of fidber to fider adhesion forces, it may be satd
that .thon is some indication that sueh foroes exist, Wut their im-
portance in fiber flosoulation has not yet been determined. An approxe
tmate order of magaitude for Ahe forces was found to Ve 10°" dynes.
The torsion dalancs shich was s~rnatructed to measure ths fider %o
fider adhesion ¢ffects was not eniirely satisfactoyy for several reasons.
To begin with, its lower rangs of sensitivity was of the order of the
adresion forass bc@ng maasured, whioh left the accurscy of the latter

values in question. %his ¢ould be remedied By using s mere sensitive

‘ €01d torsion wire or, parhaps prefersbly, a more sensitive gquarys

filament, A gold torsion wire spproximately seven times more seme

sitive than the one eriginally used could de odtained, but becauss of
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lower tenaile strength it would require a wmeh lighter lover saddle
and »irror which is supparted at its Lower end to hold the horig-ntal

glnse amm,

A second odleotirn to the dalanoe was that 1% was not
thermally inenlated. This 1 | an important fector and is believed %o
be responsitle for the 4iffienlties ensountered in obtaining equilidrium
rest polnte for the torsion snspeasion. It was cbeerved during the
. coursa of the upcrimu shat the hoat Mato& fyom a LO-watt 1ight
buldb, some 12 hwhu diutaat from the Mmu sase, and for only a
por!m‘! of -mnl -inntn. shifted the 1ight dsum on the optieal soale
about 10 cantimetérs. Further; body heat from the operator, sitting
mors thas 12 {nches in front of the balance, was cbesrved to produce
a slight but defintte shift in the rest voint. Theee heat effects were
nresunably dus to e4dy currents set up within the air in ske dalance
onse, vhich acted on the aomparatively large area of the mirror mronted
on the lower end of the suepension. Accordingly, iwmprovemsnt in She
sensitivity of the balance aould de sxpected if {t were thersally ine
sulated. Such i{mprovement was sven observed whem the kestily construot-

ed onicr cardboard chamber was used in the high tempersture run.

Pinally, {mprovement might nlso be effected in the mouniding
of the individual fiders. The necessity of mounbing in wamm wax raises
a questim concerning possidle Zesieceation of the fiber. It is possidle
that a mioro-clamp arrangement oculd de used on mounting arms other

than glase, to overcome this 4iffiounlty.
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YI. SIPMARY AND CONCLUSIONS

Equipment and procedures have heen develuoed which have enabled
a study to be made of the flocculaticrn of papermaking fibers in

~ n flowing suspension. The equipnent, referred to ac the flooow-

lation tester, pemittad investigation of flocoulation effeats in

& mulp susnension flowing laminarly threugh a large glass obeer-

~ vatirn tube. Eddy currenic wers eliminated from the flowing

2.

strenn before {t was introduged into the observation tube and in
this manner the imporSamt variasble of agitation on fider flocoue
1ation was ma conetant, The nrocedures developed included a
mathod of visusl observation, as well ae a photographic techmique,
for evaluating the degree of fiber flosculation.

From visual observations and Adate thus odtained a mathematiocsd
relation between the degree of floeoulation and the rate of flow

of a fider suspension Shrough the ﬂ'oamuipn iuur as established.
This relation enadled a comparative numerical evaluation to dbe

made of the degres of fﬂ!‘t‘il‘p‘!‘liﬁﬂl tn sny given mM-!m.

The flocoulation tester m:I procedure used were foumd sapadle of
rentoducing this numerioal dispersion index for a given fider sus-

pension to within 5 per cent axperinental srror.

¥ith the flocculation tester and Yoth the vienal and photosrantie
procedures for evalnating the degree of flocenlatinn, the following
results, using sn unbleached soruce sulphite Ciber suspension at

spproximately 0.01 per cent consistenoy, have baen odiained:
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Altn was showmn to produce a marked ﬁ‘bt? diwpersion when

added to a wuspension of wndleached sulphite fiders in tap
water,

Pxroriments ueing Aistilled water indicated that this dis-
persing effeat of alum was due to the formation of an almmina
flock from the reaction of the alum with the alkalinity of the
hard tap water,

Farther investigntion shawed that the initial effect attained
when elum was added to n tap water suspsnsion of fiders was
not a diepersing sstisn dut rather a marked flocoulation., Howe
wver, several minutes sfter the alum was added snd completsly
Al apereed, th'o'nﬂgtuny observed dlsrversing effect was ob-
tatned. It hua besn nogtulated that an isceleotric poind may
eocur with regard to the adsorptioa of the positively aharged
alunina by the ﬁcntmernttw fiders.

Vhen the alus flook and ﬂ'bcﬂ woere allowed to settle from
susnengion, it was obperved that a veversion in the degres of
dispersion toek plsce, 1If the settled muspenstion ves re-
circulated in the flocculetion tester, a degree of fider die-
version was obtained (as mecsured dy the dispersion index) that
was lover than that which originally exinted, The sane e
version phenomenon was elsc observed in the case of a fiber-tap
water suepension slone, dut to A smaller extent. It has not
besn ponsidle to definitely isolate faotors responsidle for
this effeet. The phennmenon, as ~dserved, ie of a smaller order

of up:itwlo than a number of other effects vhich knave deon
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dlscernsd to prodice appreciable ahangee in fider flocous
lation, Accardingly, 1t may he of less significanse as far

ag sheet forming eharacterietios of o glven steqk are ooncemn-
ed, " Attention has been givem to the effect, however, because
uf the pout’b!utf trat ¢t oay de Mdmontully e;meemoé with
the fider flocculation nhenomena.

The eldition of 25 pai cent M_mtouito‘cluj to & fider suspansicn

morcalnd u;. ﬂinr flocoulation: the offsct was asyumsd to ti

dus to the geletinous nature of the hydrorhilic elay.

Teapersture ¢f the vhite water was shown to have a marked sffect
er fiber flecculation, the latter hlu greatly inereased at the
righer temperstures. The effect was coneidered to be due to a
dscrense in the white water viscosity at the high temvereture.
Deacetylated Xaruys guz was Tomd to inerense fiber dlierarsion
when sdded to a susvension of mmdleached sulphite fiders {n tap
water, Tte 1nitial disversing offect was 192t whean the fiber-
gox-tay wabtsr mmé&eion was cirenlated and ngitated in the floce
culation tester for several heurs. It was thought that the
inttial dispersing sction of the gun was dus to an incresss in
Yisoosity resulting from the addition of the gam o the vhite

_ water, but memsursxents made on tke changee in viscosity which

omumd yl&ou the gum cisporsion was aszitated 414 not sgres

entirely with this theory. Ad4ltlsnal investigation will be

nececsery befors further postulations can be made concerning

“the mschanism by which the gum effests dlepersion.

& vetjing agent was shown to Produce only a very small increase



(1)

in the floeculation tendensies of the unbleached sulphite
pulp in tap water. ’
The worit dam with rnp‘ect‘to’ ths offech of beating on fider

flocculation was not extensive, but indicated that the faotors

. invelved in Westing, such as hydration, fidrillation, ent e

(3

¢ 3

cutting of the fibers, tend to increase the flocculabion
charscteristios of the latter. It is indieated that impreve-
ot in sheet formation resulling from beating Le, perhaps, more
intinmately concerned with other factors, wnch as drsinage chare
aoteristice of the beaten pulp, rather than flecculation sharw

acteristios. lore investigation along thie line would ba

desirable.

The fiber coneistemcies which could de used in the floocculation
tester fell in the range of 0.005 %o 0.02 per ems dry fider,
Above or below this reage it was found 4ifficult to aske very

accurate observations of the dagree of floeounlation. Howsver,

‘within this conslsteney range, spprecladle differences in fider

dlspersion were observed; the higher the consistanay, the great-
sr the degree of flocenlation. The sffect has Doen assuned

to Ye dus simply to e statlstical effect, enhanced floceulation
rnultina from the larger number cof fibars present at the
hfgher aconsistencies. |

The marked dispersing effect of alur was observed td eoour also
at 0,005 and 0.02 per cent fider sonsistency, as well ag with
veaten pulp. These pesults indicate that the effeate amy have
a bearing on shest formation under almihr conditions.
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Lir drying pulp was observed to have l1ittle or no effect on

the flocculation charecteristios of the fiber. It is conceivable
ti:at gomplete desiccation of the stook night alter ite flooou~
lation characieristios dus to changes in the wettability of %the
fider surfaces, resulting in changes in £ider-fiber adhesiom
féron. doxe experimentation on such offoeio would seem
desirable.

The flocoulation charsoteristios of Dovglas fir sulphite pulp

‘and blrch sulphite pulp wers sbasrved te diffar only very

slightly from the flocculation characteristics of the standard
unbleached gpruce sulrhite stock, The Douglas fir fibers tend-
8d to show a little greater flocoulation than the sprucs fiders
umder analogous sonditions, dut the 4ifference waw not nearly

ap grent as uight be sxpected from the diffarences in fiber
lengths of the pulps, Likewiss, the birch fibers showad less
floconlating Sendenciee then the spruce, but again the difference
wrg not eoncordant with: the differences ln fider lengths.

. ‘!'hau expoumtt iadieah that fider lengtk may have only a

pma'n effcct on the noccnlatlon chtmtm.ticn of a stock.
It doga so8 dipectly fcnow_- that fiber lsugth ie of no ime
sortance with regard to tke ahest forming charactaristias ef
such e stook. Short fibers may flocculate almost as readily
as longer fibers, dut the sige of th§ fiber bhunches in the
former case will be considerably smaller than those flooks
farned by the longer fidera, %ence, with the shors fidered

stock, formation of = sheet may not aprear as "wild® as in the
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case of paper made under sinilar conditions with long
fidered pulp; however, in the former 6.-.‘; goneral cloundy
formation mey still result with considernbls menuniformity

of struocturs throughout the sheed,

Pron thuo. results {t may be emeluded that s nusber of none
mechaniaal fgctort vlay impertent roles in the thenemenon of fiber
flocenlation. The maried dienrerning effect of aluaina flook on

» fiber susnension, the dncm‘!,mtiug sffect of hizh tewneratures,
an’ the Afiapersing aotion of the deacetylated karaya gum had much
greater influsnces on fiber flooeulation than wechaniocal factors
such aes beating of the palp, How {mportant some of these none
mechenical factors msay be in sheet formation has not deen definitely
eatablished, dut the results ocdtained witk the flocoulation Sester
sugeeat that they may be quite intimately concerned with the fore

mation of the shest and matting of the fiders on the paper machine,

Pinally, to determine some of the fundamental esuses of fider
flacoulation, an attempt was made to measure fider to fider ad~
heston forces which may exist when fiders are submerged in a white
v;.ter nedium and breught into contach, A torsion balance was
developed to measure the foroes, but 1t was not entirely sutie~
faotory, prinoipally becanse of lack of sensitivity, The ex~
prloratory experiments made to dzte indicate that fiber to fibder
adhesion forces do exist nnd are of the order of 10‘”‘ dynes, With
the dovelopment of greater sensitivity in the torsion balancs,

further work along these lines nay be of conelderable aléd In



slueidnting the phenomenon of fider flocoulstion snd the attende

ant pro:lems of f1ber atape'r;xinu and sheot fornfaticn.
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