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'DErINITIONnOF'FINEp

“1nes have been deflned qualltatlvely and quantltatlvely.,,v :’

Tﬁé follow1nglare some of the ways flnes have been‘deflned.k Han~

and*Chdng (1 ”deflne flnes ao fraymentary materlals produced 1n

_conventlonal pulps mostly bJ mechanlcal ureatment but partlally

rfby chemlcal treatment. Flnes fromfsoftwood are malnly debrls

1°r@from flbrous materlals. Flnes from hardwood are larvely non

Kﬁlflbrouszmaterlal such as ray cellS and vessel segmentS-i

ﬂf paper propertleu to the decrease‘ln cost.. Prank]e and’&herldan



+

efsurface of the oaper.; In thls caoe flnes dld not affect revular

‘,~‘would oefuneconomlcal to dlscard the flnes.' Rlchardson ()) found
‘_efflnes

,v31ze ofuthe flnes, the greater wau the trength 1mprovemently

4;‘V~1yj
(4) exnerlmented w1th one-paos retentlon and retent1on alds. -
Thcy dec1ded 1ncre sed retentlon decreased mauerlal costs and

ave better formatlon and dra1nage.-~The most orofltable way to'«:

obtaln the de81red one—pass retentlon should be used.? For materlal‘v

'losses, the cost of the retentlon ald must be less than the cost

of the extra materlal that is. now retalned. The cost dlfference :”
should be mlnlmlzed not Just the cost of the lost materlal.,

[ Martln and Alexander (5) showed flnes 1ncrease ten31le

‘ustreugth{s They belleved elther flnes or p0551blv a water—ooluble ff I'“°
‘Zﬁor colloldqlly dlspersed portlon of the pulp enhaoce the bondlng
'fbetween flbers. Thode and Inﬁmanson (6) Iound flnes to ‘be responeﬂﬂn
‘ Slble for a magor portlon of the Z- ten81le strenﬂth of the sheet.’;ll‘

fThls property re51sts "plcklng""out of 1nd1v1dua1 flbers from the

_:tenSLle but may reduce burst because of redvced stretch. The
eiflnes portlon dld contrlbute to hlgh foldlng res1stance.e Lvenndi;_
dlthough flnes do 1ncrease some strength propertles, the surface
‘“rarea of flnes 1s less useful than the surface area of whole |

“flbers 1n the Droductlon of any strenptn property.v As Stated 1t

‘oblncrease Mullen and ten81le. The smaller the partlcle i

,lflncs can contrlbute %o the formamlon of a- stronger flber to—ld"",

%4f1ber“bond.‘ Flbblewhlte (2) found the entanglement of flbr113ar

o 1ncrease frlctlonal forces between flbers Wthh muot

“uilmp”OVE.W°t web strength and extens1blllty. Flber remnants have

. llttle effect on dralnage or wet web behav1or.‘3,

The







or comblnatlon 01 retentlon a1ds7ls a maJor factor 1nrcontro

'fwhlte water system losses.

'ADVERSE‘EFFECTS'OF‘RETENTION?-!*

the paner.; ThlS causes the follow1ng;problems.

flrst paper through w;ll not oefln equlllbrlum; poorvdralnage and

feLt performance-‘and hldh load on,savealWS‘a's the recoverynsyk

tem. Tmffb (13) found that selectlon of the best retent,bn ald




‘I;ECHAN’;I‘S\}*@:“ OF RETENTION WITHOUT RETENTION ATDS

.ths1cal

: LWO general and oveflapplng mechanlsﬁs fof retentlon}i?
°f1nes wlthout the use of retentlon alds 1nv01ve phy51cal and
s chemlcal 1nteractlons.; The physmcal aspect w1ll be dl cussed.;- 5
.?fxrst.z One of the flrst papers wrltten qbou’c retentlon was by :
'iHaslam and Steele (15) in 1936. They siated that the phySLCal
: Flltra~f}f?~‘

':7iféaspect could be lelded into flltratlon and entrapment;;

.tlon:fs the process of remOV1ng parblcles 1arcer than the pore L

?;openlng"'durlnrr sheet formatlon. Entrapment 1s the phJSlcal col-qffhﬁf“5‘;

'filectlon“oprartlcles in the flber lumens or ‘in the flbrll struc

‘“,fture n the flber surface._ The ‘main 1nterest 1n retentlon came

_approx mately twenty Jears later and. ‘has contlnued on up to the
; . H‘ror flltratlon Abrams (16) found »hat the openln s of af
paper machlne must be covered w1th at least a thln net-

Vfwork ofwfloers befo”e flneS can be retalned-h Wllllams (8) also

’lxound hese two mechanlsms for retentlon but he used the word‘

‘:;1s1ev1ng ins tead of flltratlon. Han and Chang (1) grouped: hlS ,;57?

'?sectlon under the term of hydrodynamlc forcesJ' Hydrodynam;c forcesvfiksff{f

bhat retentlon:»

: atdtQ

p enomcnon because motlon and force are LnVOlVed.r Itfls also o

s e 2 e o 8 DR SR et R L \..

_tatlstlcal phenomenon because of the large number“of:partlcles}jff:5’9'"
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”condltlons such as sheet welght furnlsh comp031t10n, machlne

‘r_w1th the others when he states that many Factors affect w1re
‘ﬂfretentlon 1nclud1ng ba31s welght, machlne speed, and furnlsh

,ﬁcharacterlstlcs./ In hls experlmcnt a six percentage galn ln

nfiabas1s welghtnln the range studled.' He al o found that longef._
ﬁfand entrapment.‘ ﬁe states that small partlcles are subgected tq

111181ons, but whether or not the partlcles attach to‘

’affcondltlons‘ln'the ouspen31on.‘

'-*jiibhat because of flltratlon. the tOP surface of the papen Wll]

,tf{andaoloser otructure.: There w1ll be a greater loss of Ilne

1nvolved. Estrldee (17) agrees w1th the precedlng bJ‘atatlng thatT

Ilnes retentlon 1s based on probabllltv accountlnc-zor retentlon‘-

by surface adsorptlon ao well as by derCt mechan1cal 1ntercep-~.

.tlon.v Brltt (9) found that flnes can be retalned by mechanlcal
entrapment because of hydromechanlcal forces.. The e forces needf{fﬁy '
enot lnvolve c01101da1 forces of attractlon between the flnes andfaﬁt”"

_{the formlng Web.'vThls mechanlcal retentlon is affected by many jﬂff}’

and formlng sectlon de31gn.r Flnes are retalned better

J'”:from Paper.stock con‘t:a:u.m.nfr very 1one flbers.~ Tlfft (13) agreesﬁfﬂn**fhk

:"i‘flller was obtalned for every ten pound 1ncrease 1nf

1norease retentlon.r Han (18) also worked WLth flltratlonM

"ngrownlan‘moilon when suspended 1n a fluld. ThlS w1ll cause col_‘,‘“,j

WOrk by UnderhaJ (19) has hown

1n

:ipgreater pxoportlon of. short and flne materlal and a flner 3ef1’;*
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unlformLty of formatlon, and;

Han and Chang (1) did exten51ve work on-001101dalﬂforces

They reuo”t tne fsjlow1ng Cellulosmc flberﬁ have very weak

negatlve electrostatlc charge

-

have the same forces._ The e chargesvare 1nsufflcvent*to,keen

hem apart from  ach other or from flbers on . COlllSlon.‘j

fiber. ystem is contamlnated

twally onLo theiSurfaces of hydrophoblc partlclesQ
3 fa dlffuse layer bf oop031te 1ons surroundln ;the chargednpartlcles

ﬁbe VLrtue of coulomblc forces_

-ﬁmurnlsn.

Paper Machine'_;yh

;electroklnetlcbcharge are related

S: 1n pure water ~Organ1c flnes may

some’lons tend,to,adsorb preferen

¢Certa1n molecules adsorbed‘on the:




detail° about the ef fect of the dralnage elemenps.irbﬁfa‘paper

’ macblne, the- formlue mat 1is dlsrupted by water belng drlven backgfg;

thuuﬁh the w1rc from the table ro}l Thwejlncur a greater f:

chance for more flnes to be lost.

than handsheet lOSu because Of{;hlS and the;dynamlc forces

1nv0¢ved_w1ih tle paper machlne. Both Tlfft (13) and Smlth (23)

found a decrease in retentlon as the speed of the paper machlne"

lS 1ncreased.-g

/‘.'i

f;RETENTfON'AIDAMECHANISMS'

-Surface Charge

One model for thls phenomeno

ulon to GccuUr .

:following;g The negatwve charge on the surface attracbs nd

;“adsorb cat¢onlc polymers.

flnee.; The maxlmum retentlon for catlonlc’polyme‘







f,Qpretentlon alds-g Brltt (9) states that short chalned catlonlcs.u?ﬁﬂfr“

'rcatlonlc starch, alum, and all anlonlcs glve soft flooculatlon.uvk

iyhlgh molecular welght anlonlc oolymers have glven good resulps..rfirﬂb':’h
flThe mechanlsm for anlonlc polymers 1s not well understood.; Two:[
iﬁo0351ble mechanlsms have been dlscussed prev1ously, charve attrao;'” ‘£
ldftlon and brldglng. Anlonlc polymers glve better formatlon than
’r_l‘catlonlc polymers.l In the case of retentlon alds, two systems |

Q iihav1ng the same zeta potentlal may be flocculated to dlfferent_

bﬁ‘extents. WLlllams (8) states that polymers must be:sulted to theyfii*j‘wpi?
Qﬁfsystem.; Anlonlc polymer requlre alum to reduce or pernaps to
rflocally reduce the usual negatlve charge of the partlcle surfaces!fug;*aﬁ

*!;?1n=order to adsorb._ ThlS llmlts anlonlc polymers to ihe alum pHii_fflvu

brldglng between partlcles appears to be necessary for good
retentlon under dynamlc condltlons. Goossens ‘and Luner 24) havey
d1v1ded brldglnn lnto two groups.; The flrst type o? brldglng

occurs when two partlcles are connected by the ends of a polymer *3

chaln.; The second type 1nvolves brldglng throuﬁh the loops and

talls of the polymer. ;;t‘.';gfffﬁff",sf‘fk}fﬁ

Retentlon AldS

The follow1ng 1s a dlscus31on of some of the maln types of

RN
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A'pﬁib.agThe retentlon alds were prepared accordlng to the manufac-ﬂef{

turer s dlrectlons.v'

1 ;Retentlon Ald
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stant.; The‘follow1ng table'glveS’the,results.ofrthe retention:

TunsS. The 90% confldence llmlts are presented as th mean-of

VRetentionlﬁﬁnfﬁ
No Retentlon Ald

£

1Delfloc 50

;Reten 304

QLvCartaretwn F 8 -1, €
72.9£3.7
8l .2+1.8

‘Separan CP~7‘

Percdl!292 ‘f




Delfloc 50 -

‘Réten 30% -
-~ Cartaretin. F

‘Separan CP-7

Percol 292 - "
90%: Confidence Limit
of Corresponding Point

“No-,etenfidn;Aid‘
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factor at low turbuience; The three polyamide rebentien aids
have different molecular weights, yet the retention was'opposite
of what was expectedvdue to bridging. The molecular shane, and
not the molecular weight, may be the dominant factor at nlgher
turbulence. At very high turbulence, the highest molecular
welght retention’aidévgﬂve'bette”rretention, although itkwas only
ellghtly higher than the run without any retention aid. |

Con31der1ng thls ddta, retention aids may not be economlcal

’at hlgh turbulence levels. In the long run 1t.may;be less expen-

slve»to.make equipment changes to reduce~the turbUlence than to

;addzretention aids. The correspondlng +urbu1ence must be known

for. a Dartlcular paper machlne to use the data. ThlS 1e oecause

. dlfferent retentlon aids: are best at dlfferent turbulence. Cost

'must also be con31dered. Turbulence is deflnltely an 1mportant

factor to be con51dereu when using retention alds.




. CONCLUS TONS

Retentlen appears to bebllnearrw1th respect to turbulence.u
The correspondlng turbulence of a paper machlne must be known to
'select the best retentlon ald. The surface charges of the reten—»u :
“tion ald lS 1mportant for retentlon at 10w turbulence.. The 81ze,
eshape, and chemlcal structure of . the retentlon ald 1s 1mportant
Lfor retentlon at greater turbulence, dependlng on Wthh aSpect

”?fw111 glve the stronger brldges.
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