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ABSTRACT 

The· re'terition of· organic firies is of. major impor�ance 'to 

,· paper .. ind�stry, : Fin�s- have been .found. to· increase Mulien and 

.:·te'nsiie. stf�ngths'.' r'ncreas�d ,retention,,•� though,. may:_adyersely 
,;''. ,". ",:.-��---/·:: .. 

·
.•.,�;•o' 

·! ·•;, .· •'.-� .. }• 
.

• s,_.;,
'.

<·�:. � .•, • 
. ,· 

,.>· _•,_ '·, • :_:•;':. ,·· -. ',',·' . 

: a:ffect ... ctfciihage; ' Firies also adversely' affect '.<the :e�vironrnent. whdn 
,:·,,,,. \ < \-, •• \:<" !' .. ,.;:, :· .,.: __ . .'_;•

.!'• : , 
, , • ·, 

.' '··•
· 

. • -, . . . ' . -, • 

. hot· retain�d . in '·the sheet�' . They ·increase the tu,rbidi ty of ,recei Y-: 

.. ing>wat'ers::�nd otherwise affect, the bottom fauna becaus,e ,of sett'-,-. . .  . ·• . .: . . ' . . 

:. :;:}irig�\::,I11:',f'cei;ing 'wat�rs they are a .BOD probleI�, as \yell: as .a: ·: .{·s'.·· ,-· '·'.-','·/' _,_.; ; ·s '·-,. 

ri:t¥r6f pr ·.color,

'Thf 4ynain:tc .d:rain'age jar was '.used ·to-'test the' retention of 

, fines. invo'lving only. colloidal. forces.· Three'. degr�:es:._:9f: t,urbu�·· 
F: :. . . . ''.-:' I '. • ' '. . ,, i,:,; 

t· , ?i: ;·::,,::leric'�:�e�e· Js�cl? 500 rpm,, 1 oo,o rpm; :and 1500 rpm: • 'This\�'ahge 9,:f\ 

(.. ·•', tulb�}�-��l_.;;{;s believed td: p·over .the- range of turb�le,ri��-" o;\�·o:� 
f . ·.. Wiif �f f '.vilr�r:· ma.c htnc

� s., . · Ave Ca ti oni c retention -�id� • �; isi1Tii1ar • ' .

,_ '·. <0,-tcherilic'cj.l'Structure with., varying mol,ec"ular: w�ight ;vefi· �sed\in:· 
• ,. ' � 

' •• ::,., :�• ' ,,: ',-> ' . 

<->\i1v�.:-�epar·ate: .runs� < A:run without �ny ret.enti'on, aid'. i�;e>'··-the: ', 

• C <l{b�'f/e,::'.i�r:,{hi's sbidy. . .· ; '· .. ·. ,:/\•. < •.:;,A,,_:r;:;::i:·!.·' ', •.•

•·••• ; ,;F{ f i. �ei�llf i ori ai;,vears • tO 'be linear with reSJie ct • to ·•: >•
.\ae'tention·'dropped df:f. · being close :to 'the . bla.H]r,run, ;·a:t (soO/rpn1

°

{ 
. ,.\,:;({�h·J}ci.�b{;:�.;�ndirfi turbulen9e of··� :.pape� mac�lne: must-'�-�- 1Jwwn 'to . 
. , ':·,:,t}f;;:.';_,;·\){,.< ,;; '. ·r:'. \ .. ,' . . · .. , I, ... , .· ,, i<; \.:,·, '.>Ly

': ::.i,<:s'13l'ec·t.\the;;best retention· aid, The'�ength of ::time 't�� ;��'t�h."tion' . 
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INTRODUCTION·· 

The intei-est in economy and water pollution have put 

·increasing. importance" on .retaining materials cm_ the fo�ming. wire
' ,.: "" , 

I·f was not until ·abou't twenty· years ago thai/� . 
. '• 

. '.thes�/tvfo f11
°
ct6rs ·became important. ·• Because<'of this : ii ttle .· work 

. . . . . . ' . .. . . . ' . . ' ' . . ' ·•. ' ' 
. 

' ' . . . 

p;f6r.·to .the\��d .1950's yms concerned with .the; mechan�s·ms of.

r�tenti·on.. ,:.:'As •_the cost . of' papermaking increased:'. the ;traditional 
. ' . " 

. . . . . . � . - '. , . . . , ,. . . 

· ,, lsyst:em',was·: "beginning to be looked' at. critical·ly. · The<loss\of a
:;_-;·_?� .. \:-::,,:: .... ,/,::,�.>��:��'. ;:�·'·-_,·.·:, /-//ti• .'ii:.·· ".', :· ' : .:,_
:,;\�_ubE:it·a:9.ti_al:;:amount_ of 'material 'through-· the· vdrer;-vias: literally 

- ,.\,' -� ,::-:-.: 

:ppu,ri'ng: money :ct.own .the dr�in.· ·This. also,,.had secondary efJects •.
: ';' _.::•,:;. 

.. rt' ELny_;,!'.,�.C?'irculatfon was: used
;•,•,· - .:>�>::· ,' '. ··-::.: 

in the :'system, 'a·. bui,lti�JJP ot; •: 
· This would ,;s1'0\1{dh\Vh

0

{i�a�;e: /·· tmr:e'taine"d ·material., would . occur. 

,chang�� �.ecausecequ:ilibr'iwn �1ust be. reached. ,Sinc'ei•some:
. . ' - ' - ' ' ·, . ' ' . .· . ' . . . . 

. � ' 
' . ·, 

. 

· 
.
. ""-

.
· : ··,.-. ,. ,. 

··,unjft,a.fn�d::rn�t:erial;; .a�e _.;rg�riic ·in ,nature,. they� exeft :a
:·.:.�,., 

' � . 
. 

Jo# ... ,,,;._.
< 

o1Y.�Jri \l_e,mand (BOD) •'.;on. th� receiving

1�1s rriust be ·_treat�cr' to comply with state and;'.'i_�dei:)i.Lpol-:-/ .. 

·· 1ut,i'o�_:.)standards:.: This treatment :is c0stly.: .• :,·
• , , �' --,:, ••• I 

• ', 
. -�.:·. ': �! : • ; 

, ·The·, ultimate goal, would be to operate paper·· mac}jines at 100% 

. ;r�tei�tiorr'. (6%'.i6ss .thr:oJgh the. \1),re·r. ·•··. It v,ould ha�e�\nJ11/ econo�
,_·_:.(:;.}:�f\�-�.�-;_\\./}.\',;_\1_;,;\�\</· /�··:<,,.·.�: 

' . ' ., ·.,._:�: ;:-_�·· : ._ .. :·:: .. ,. " :_;!' 
. ).',,. ,· . ' ,:.: ·,. \,\\;.:·_/ ',: <�-��---: ·: .' ' - �· 

;:;i;::m1c;·.ad•J-antEtges. .,There would not be any wasted.1naterial: being · 
:i: '/:,!?:'./;[ ':ft',, 1•• ··.··• , ... , .• , ' .. ·,.··, •. ,' ; ' . ( .. ' ' . · .. · •.... ,• .. ·:_.•, ;' .,, .\?'·} ;_ \(: ' . '

· /.· /:"<':i0s.�nt\' :t6 :·.tne::sewer. : There would. not :be. any build-up' o'f · materials
; .:'/; :';:•ij, /1-':. , ./X .,· 1 

_/
1

, · • : ·: • .. · ·. _.· :·· · •·.. : .• ·.•• \ , ·• • \' • , . ,: }.: :.:,; , ::,:,';'.';' y '? \
./,:/.iri:'.the -'syster�·:so equilibrium:is_rea.ched almost.',imrri,idia·te1:y/an:d ;, . · · · 

:• /y.;:,::,-.,;yt<'i'Yi.:;,·;;·._·: ... :.-::·:t >. ,, ··. '\"",:·,: r' . > .. ,.·· :<: '. ". ,·.x ••1<:.:·:':'\·::,\:''I))\V'!(::?·•.,.:,;.::•/1i//l'.:;!.·�.··.,':.--,.(r\?:{':\.f: 

b '.•· ''/ grade 1change �, can be .. maqe q u,ickly, . ··.• •But as :tlle'{paJif
!
�:i)."n�u�tr.Y ·>p, , , ., .. , .. ·· ;: 'y 

f,_i 
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:, THEORETIC'AL DISCUSS":!:ON 

. DEFINrrION. OF .FINE? 

fin�s •.have• been' defined qualita�iveiy and quantitatively •. 

Th·e following· are some .of .the ways firie� have been defined •. ·· Han 

and Chahg:, (1) 'define firies as fragmentary materials ,produced -in· 

conventional pulps mostly by. mechanical treatment but partially 
; , , . 

by .chemical treatment. Fines from softwood are mainly debris 

· from 'fibrous. materials. Fines fro�.hardwood are·largely non-,

.�.i,brous materials such as. ray cells and vesse:1 segments. Be.cause 
. 

. 

firies varyin shape and size as well as their. morphological ori-

gins,_. t�ey· should. be regarded· With discrimination. iri··regard to 
> ·  r ·1 · . 

their .. behfl.Vior; Kibble\�h'ite '{2) sta:tes .that fines material' · 
' ' • < 

� 
. . . . 

inc�udes ··. fi:1Jer remnants, f _
_ 
i brillar elements,· linings: of )it·cavi-,

ties�:.arid gr�nular .. �7bris cletached · from fiber. sur:faces. 

Richard�ort>.(J) uses an experimental. a"pproach to define fines:'·is .. 
· ,,,· ' . ' . ' . . . ·.. ' !; 

,any\fiber which would pas.s··through a.150 or 200 mesh sc�een.C:ior 
�- 1 

' ' < • \ 
• •• •• 

this .thesis organic fines will .be defined as the por;ton ,of . ·. , -t"'·•, ,. ., ,' ; ... '' 
. . ,. ·. . ". ' .·. ' ... ·-·. 

materiai,. inhererit only from the. pulp used, tha-t will pass' through .... 

r. ff .. c�r:tain size m'esh scre�n. . This definition fs a comb.ination of

the:.aforp�entioned definitions' 'that excludes added mater.fa.i's sticll'. ,;

;�s/i1iJ1f�s.�: .·· · · 

·. PURP.OSES <FOR'•,RETENTION
,, ' ' ' • 1; '-':, ,,' 

·.··•·,.i-.·:·i.\ .. ;}··.)): .. (\\::·, ))_;·.·· .::,. . • .. ,.
< • Cost·, ·and·. ·Paper· PropertJ.es · .•.

I' • •'?•,:•·• ;:: :.-.�-, }�, 
1 

• I 1 J 
• ' • ' > 

1 ? , • 
', , ' \ ' 

. :, ·_·:·.,·_::-'·.A;_· number··, of ,-·investigations i • nave·· g·

. : {f f J�f i �'r;{\f i{. '• .. , •·• .. aJ0�l �o��r't�� Jf · 
·p.!:1.per prope·rties ·to '-t 

· ,. 



. \ 

(LI--) experimented with one-pass retention and retention aids. 

They decided increased retention decreased material costs and 

gave better formation and drainage. _The most profitable way to 
,: ' 

obtain the.desired one-pas� retention should be used, For material 

losses� th� co�t of the retention aid must be less than the cost 

of the extra material that is.now retained. The· cost difference 

should be minimized, not just the cost of the lost material. 

Martin ·and Alexander (5) showed fines increase tensile 

strength, ·They believed either fines of possibly a water-soluble 

·or c·olloidally dispersed portion of the, pulp enhance _the bonding

be.tween fibers. Thode and Ingmanson ( 6) found fines to be respon.::.

si.ble for• a major portion of the z-tensile strength of' the sheet.
. - . 

�. 

Th�s·prope;ty resists "picking" out of individualf'.ibers from the

·surf�ce �f the paper. In ihis case fines did �ot.afiect regular

tensile but may redt6e burst because of reduced stretch, The.
; ' 

'firies portion did contribute to high folding resistan�e�:. Eien. 

th�ugh fine; do increase. some strength properties, the. surface · 
! • . ,_;.:· ·'"' • ' ' . '. •• 

area of. fines is less useful than the surface· area of w·hble: 

fibers in the production of any strength property-. As stated it 

would be uneconomical to discard the fines. Richardso,ri (J) found· 
. - - . ,· . . . 

The smaller the particle;• 
' .  ' :•·1 . ' .. , 

siz,'e: 6{ .�he fines', the gr�ater was· .the strength improvement· .... The 

firi(W can cont:r.i bute to the! formaiJon of a 'stronger. fi be;-to ...
j' ! • • • ' • • ' ' ) 

C 

fiber pond •. Kibblewhi te (2) found the. entanglement o:L fibri1J.ar . ,
' ' 

fines, tq increase frictional forces between fibers ·whiqh mu�t 

· .. imp�ove>wet web strength arid extensibility. ·· Fiber· remnants have

liitJ.e effect.on drainage or wet web behavior. 



Kibblewhite (7) �uggest�:}ine� '. re·te�tion can be.·· used to 

more flexibility :to att�,in,theprop'erties r,equir,ed'fm/,the sheet.''

rf a certain pr6per:ty: ca..YJ.:):,nly: be atta,ined with more ·beating,' ,then 
�: • '' • - • 

,· 
• •. •-_. ' • 

'. • • < 
• 

• ; , • • • • ' • ' • 

there)Will:. be· more :firies;\d :the: system •.• Th'i�"-fs bedause heating·

. ;roduce�/finei{�': ··'wii1{a�i:cB.)··.· staies'.'ih�t .maxim�� :r�iention �-�f �•···· 
·-:\": ·.: ,¥·. 

·" ·. : r·,· " 

fin�·s:•fu�t· be achiev�d wfth a> minirnmn of -chemical bu1id.-up.·.• 
-� \ 

.

. 

' 
. 
;·,: . .,.. 

. 

" 

. 

·

. 
. . . ' 

. 

. ' ,

, . ' . 

i�unl:retentiori. is of .. economic: importance· for the recovery of, . 
. .:, .. . .• 

'

•: 

. 

:, ',,·--,,;:t ·,' . ' ' 

,

' :,. 
. . ' •' 

·

• < • 
:, '' 

' • � • ' ' ; ' ' j ' ' > ' ' 

)naterials cost, improvement of paper properties,· and water :reuse; 
"·;;_ ·;:�: •·: ,v"" ;, ., l, ' 

, 
' . _. '.·'. ·,·.,>- ; i• 

,Hriri\�pd/Chang:,(t)>found that the: r�tention., <>f<•fines is' important:· 
' . ,, ' . '· "-· '-; .

.
. ;" 'I .,1. ': '; . _·. .

.. " - � . . .,,, .•. 0 
,._ ' •• f ,, • • '. ' <' ' • � ' ' • ' 

:<:�'rsor-:r'6}�:·ihe' retention. of fillers. Pi�ment partic+es niar,t:,e.nd.'·to

�
<
�:•,:,b��ii to fines rnore- than to fibers for the same • .. mass .. '' In such

• • ' I, • ' ..,_'-:,.�,, ,•. ,· , ' 

, �. ·:c�$e·,'.,t,h� ,t'etention of .. •pigment/is ·g6ve;ned'\i�gely\;t/thktof'e '::·.

· ·· .JJ1f ffiBB:c/ ki.}.m�an� of i�:om�tfog .fine� floccul�tion wfi�•;:�haJi�e

' ,,:Bi�ri1e�¾:if6:t�nt\bn.:in. the. ·sheet. 
', ·,

.,.
, : : . ' \: ,•: !" ,' . ! 

· Envira·�m�nt 
;j j}:f '}f tlt ti Owing . sta �ements 

.·
.• i�vol ve . the e�fector: . : ' 

.i •... ··•·•.
,f:i;g�s::,;�ritthe water/environment and reasons for retaining, as. much 

�; ''/.: • .i: s;�irtJ:n1trfas' a'� possible. ,. Britt\9') ,sta·tes that t�i/{:d�:�'•\g}\ <
t ' ·;} -: : ; '>>> : ., ' ·' ' ' ' ' 

,' ' .. · ' . . , .. ,. . ·. ' . 
' 

.··' : . ' ' ' : . 
l ,\. rI���:: .. t�: 'effluent water fr.om a n;ill. �onstitut�_s_,a .. maicit/px-oblem ;,,
;·.: .. . ' : : ' -�:: : ... ' ' , . ' '' : ' . . . . . ,• ' ' ' .- . ' • ., ' ·.• ..... '. : -, ,-;_ '. :: 

··: , __ .. ',:, , ., .. ! ,, ' ' " ...
. ' '. 

t,;; ,· ... \'�_f.·<(/(/):·:.:·-�:.:;·./:<_>,·-h_1','>,/· · .. -. :-.·. ,', _ , '• .. ,' � _ . -... �·• :: ,·:._._, ., , _:•,, .. ·,_·,;'·�:· -,'i,,'_�,:·;·,-,.-·.: �:'-0:.·_··�.-:.;'<;-,',.
Vi ,. �. })i{i:n/::-the \paper'-:industry. · Williams · and 9waris�m. ;(l OJ _stat,e;\that, ;, 

!W! 'ii\ll(� ;r, i�ti�}Z'.
9:

he_ of·. th/�aj or .• s;�ces:. �f. oriarli� s'J�f ;t!J,i .i�i+J�Jf f J·(f ·. 



'. 
; . } ·, '.'' 

for the papermaking proc,ess are used. Bri_tt '(12/�rourld when 
':,· ·:·\" 

p2.ss retention is low, it often·., h,�ppens ... that 'the conc'.e�tra'.tI�n ·of 

fines in the head box is many times the.· concentration . of fines in 
:, .. ,

·
, ,, .. ,-

the paper· •.. This. causes the · f olio\�ing: problems•�,, Oh (startup th.e : . 

first. paper through wil� not be.i.inieq�ilibr�·um/ pg�J}d;l}<:.: .... , .···· 
' ., . . . . 

. . � - ' .. ' ' _. - . ' '• 

felt per:formance; and·high load on:sa.vealls ahd•the'recover 

tern. Tifft (13) found. that 'selection ·of the b'est retention aid

or combination '. .of 'retention aids is, a major . factor 

_white water system losses • 

. . 
ADVERSE-EFFECTS OF RETENTION 

�Kibblewhite (2) stated fibrillated fiberi
••c,\, 

fines increas�: fi�er hyd:r;odynamic specific' V?1urnes

increase . th/ in�idence of .int�rfi ber con:ta�l/r·1 'iurp·:t· . :.•· '·\ - ' . . .,- .: .:j: ; ., .· . .,.· .-.. '·, ' ".,,: '/ ·.··. ·.·: .· .· .. :; 

'-This affects .fo.rmatl,on. . Under , suitable. conditioris,

expectedt�'initiate floe formatio 
' ' . . ; :, ' 

.paper :.�ensil_E3 ·properties. Brit't •. (9): 
! • • ' ' "' • •• : ·- . ,, '' ;- ' ' • . : '. ,-··i' ' , . . � 

gi v� ·. undes,ircl ble ,:sid� . effects. �uch' as;;:poor;
' 

/, 
. 

·' 
., •' •, ' 

utilization of pigrnent, and drainage problem�.'
', ··-�··:.: !.··.' : .::_:··.

:-'· · -.:,. _
::, '; _'.·-.,�··,;.:,:·it•,._,· .-· ,

'.
:/·:···:'>_·';·1�;

believes that while the fines - did add:.s
' , . .  

..,.;;;"", " · .. , 
'. . . ' . -�·· _:;'.' . 

oi/,{;�'}Jh;it: of?ipaper ,; .the .· adv�rse·: e:rf�'ct :6ri 

···•scif r:It�1/\';:1::::��:r:;: b:::�.�
lso )�

tiri
1' .. 
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MECH.AI'HSM OF RETENTION WITHOUT . RETENTION AIDS 

.Phvsical 

Two general and overlapping mechanismsfor retention of 

fines without the use of retention aids involve physical and 
. . . 

' . 
chemical i_nteractions. The physical aspect w111 be discussed 

first,· One.of the first papers written .about retention was by 

Haslam and Steele (15) in 1936. They stated that the physical 

aspect could be divided into filtration and entrapment. .· Fil tra-. 

tion iS the process· of removing par.:ticles larger than tl1e pore 

openings during .sheet_formation. Entrapment is the·_ physical col-
·,:...._ 

· .. _lection of particles in the fiber lumens or in the fibril struc-

ture on the fiber surface. The main interest in�:retenti��<came 

ap}?roximately twenty years:later and. hascontinued,on up to _the 

pre�eni. For. filtration.Abrams (16) found that the openings of a 

wire. ,in a paper machine._ must be· covered with. at least a thin net-

.' �16rk<of. fibers before fines can be retained. William,s� (8) also· 

found these two mechanisms for retention but he used the w;ord 

, sfeving instead .of filtration. Han. and Chang· (1) grouped this 
• l , , ' 

., s.ection und�J:: the . term of hydrodynamic forces. 
; •,;; 

·Hydrodynamic forces
' _, I • -, 

·. involve/the motion of particles, their collisj_ons' with one another':
• �: ·., < • 

•
, < • '; .:.. ' ' ' • ' • 

' • CO : 
• 

• 
• 

' . ·. :. ·'. ·: i• . ) . :'(.•:.' . . •. ' . . ' ' 

.· < . ,·and' 'th�ir. �ntei'ception by fibers •. Brownian m'otion or/ diffusion 
. ''. ' :· ',:, ' . 

. i ·, _.. ' ' 
. 

'' ' ,' ,, : .... ' ; ., : -\ ,- .- ' 

· .. cause� the collicions of_ small particles (les.s ··.than O,·tu). ,·at ··lov!.''.
I : 

• 
I• I 

' 

\ ., 
; ' 

' � i � ' • ', \ ' ' ' I 
'

' '•, 
' , ' ' 

/ , 

· · i flow velocities, LarBer particles (less than 1 u), are:' ·re·tained by', 
., ·).'-:'..,: .··· >: ,'' ·, C:· .· ..... ···.· ,' · .. :, :, : •>'. ,,, ':·, . ;·• .'· .. :,,:<./,'·)_·/,,\,: :;.:'. •,'.:.. dir·ect,;intercept!on ,and .at. high ·velocities. by·.,iner-tial:imp·aqtion'�.; 

:
i

, • ''):•.,1:• :,• "'• '_''• \ , • \,' ,
' � 

' ,I \ , .' • '; ,,: , , 1 \ 
• l r :' 

"' '. '' • ' ,- 1:.',: /, : I ::• :•, ,' -,' ): ::; : ' . ' ,.,• '• • ' ' . • .• • , • . 'I,' .' ' ,' 
' ' I � 'i ' 

: ' \ ' ' f 
• , ; • 

I ' , ' 

.,:.Tl1ey:':Eilso sta.te · that ·ret�nt:ton :of• :firie_s in fiber· mats is•· a· dyna .. 
,:, . . ·•:-'•,(, ·,.·.: ... ·,:,,•''

,'' 
. 
.'',,·, ···":<·,

'
, :·:··--••

' ···: •' :- .. , ,,,·•,', , .: . , ' ' 
·:··'-' 

> 1,,-:./': . � /·:. 
: ,mi�·<.1h�nori1Qndn, 1,l')cause,mo:tion '.arid force· are .invcilved� ·: it Js:·also\: ; ··· 

' ' • •I • ',_.:.', 
• ' 

''
•
,

. ',, : 
".• 

< 
' ' '. 

,
_
:·.'., '. :" :". : _i' 

. 
· 
.
• · • : I,'",· '· . 

,' '•. ; ,,_·,· ,
.
-- ·,· _-_::'.,'. .-:.:,t.,_· .. ,_ 

. :-._:·· 
,_,; -;.': :---'.:•:;°,_ ::.1 : __ :·,,\ 

· i.i. a'-�tatisticai :pheno,menon · because of .. the �arge numb�p· :q:f' i:l'��ici+es ::' 
. 

,

° 

,
·

• 
i' . ' • • '" ' \ ' '  . ' ••• • '.,··, '.;' 

."\'.' , ,!, • ,1 .. ,, .. ,,.,, : 

. i 
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involved. Estridge. (17) agrees with the preceding.by stating that 
. . 

fines retention is .based on probability accounting for retention 
. 

. 

by surface adsorption as well as by direct mechanical · intercep-

tion. Britt ( 9). found that fines can be. retained by mechanical 

entrapment:because of hydromechanical forces.• These.forces need 
' '  s ,'. ' , 

not involve colloidal forces of attraction between the fines and 

. the· forming web. '.rhis mechanical retention is affected by many 

conditions such as sheet weight, furnish composition, mac'hine 

speed,,, and· forming· section design. Fines are· retained better. 

:tro� p�per stock containing very long fibers. Tifft (1j) agree� 

.with the others when he states that many factors affect wire . 

.. rete�tion including 6asis weight, machine speed,� and furnish 

characteristics,;· · I11: his experiment a six percentage• gain in 

ret�ntiori oi filler was ob�ained for every teJ pciund·in�r�ase in 

basis weight iri th�-�ange studied. He also fo�nd that longer 

.fibers, increase retention, Han· (18) also. worked with filtration 

and enti'apmer1t,' He states that small particles are· subjected to 

Brownian motion when suspended in .a ·fluid, This will caus'e col-

.. lisi?ns, but whether or· not the particles att�ch to e'ach other 

· ·depen�s,,on the forces operating at the site of collisi;ri,' .. Th�
' 

, '  "} • ,  • •  ' • . 
I •·. 

. • I ' ,: 

>great,ei-_:the number of. fines, 'the greater· the number of firies that

> it1fiber mats i�d•pendeni on the particle; .• •fij,er and fJ:uid.ppo,··· •··•· .. ·

•.·•·•··?.•Ht?; ;the£1W ;�ttern inthe ��pO\ls. sir�c�;{i�i::�;ttJ:. 'ion�c

: \,cohditions .in· the· suspension.· Work by_ Underha.y. (19) ::has : ,• .. :,:· \:i.: .. : .· '·., .. · .. ,···' .·· ' '• . . . . ',, . ' '
· · ,-l;•ha.t·,be·cause of filtration,. the top surface of the pap�r

. h�v� �; ��i�te� ,pr6po!'tion ;of short rini fine :material an'd a finer·.· 
• •. ·. ,·• ', ! . , • ' , ',,, , .. I.: 

. 

. ,::•:•:::· :"' 

. ' ancf.claser st,ruct�re •· . There will /be·. a greater <loss ·df: fin�s in' 

' ·.' ,,., 
... •···•''·''!. ' 

,.! r 
' ' " 

\;}. :·.' ', ,. '• ': .·; ,_-·. ,'·: ·: ,; ,' • ' • •. • •;' 
\· ,/ 



. dilute <stocks which' indicJtes stcitistics. ,i's important in reten- , . . 

tion,;o·�.fines. Parker and Mih (20):.also fcmnd 'fin.es tobe,

r'etainecl to � .. ·. g�.;eater' e'xtent near' the felt side< of the p�per.
• ,', .! ; ' •. ,-,,,-, •_, '• •' :•' •• • ' •:-• \ ' .• ., ' ' ,• 

';• ,• ,, ';, • :,_•; '•. ' •.• c• ' _'- •,.,• ,'' ';'. • 

B�c·ausl:o
t
. diffei-ences • in /stat'ic and dynainiC'7condi tions :th·

•, n;{,b�:'.ttu�:·for handsh�·�{�� 
,· .. ·.··.· ·.·. .. . ,, 

··•.
•••·' . •.·· , . o··• cl;', ls Force·s ' ·:.

aspect is.' usually ,termed collo'idal forces�· 
', ' . . , · ', . . 

: �Agi{iniiHasla��and St,eele (15)' 
<:�:�,·:·'�(':�._\;:··:.�\,<,.J\;�: ....... \·•.;.' ' .. ' ·

·,·,. .. ' . 
;( :?others; (:iirfie;:, collo

i
'daL force

:\;.--_:·�, �:,"" .. )'.>,:,

· ,::_·tiqri,:v,as cofi�cculation •. Cofl.occulation is the interaction of'
� '.';: ·." � :';. 

-, . . . ' 

' •· .. the\}n.t,erfacial forc�s 'of ,the .particles. which control .ord:i.hary 
.,. ,, . ' '\ 

. 
• . . :, '' ,. : ,. . , ' . :. , _· 

. 

. .
.· : '>,"�·- ·. , ., , ' ·. ·. ' '. ·:colloidal flocculation, .. ·,.V/illiams . (8). found coflocculation· to be·'

-'·.:>�.:.\·� 1;./t.':·\•:,�:1.',:·<··�::
·\· .. ,··,<:·· ;.::· \,·-.._:·,-:,.;_(,'::·":, .·. ', .:· ,.' f�.·-,_,· ... •' :< __ :·.·· < :.,\\'. .. -'\_;i --.'>:'�_,.;;;\:'.-�-�-: -.;, .

the ',domiriant<co11oidalforce .for the retention Qf fines:;, 

;�a1}.:t•oiiof{ai: .for�e is. :c.d�gulati�n •. : Fines .··hav�< �\
°
Aegitiv�Iy·

' ' , . ·. ,, ·� 
':6llci.;_geJ,: Sll:rface s�·r'rou�ded · by a positi v� count el�� ion ;�ayer;_:j;hat •, 

}
{,;

�f;
�fff.8'rip�.

lsion; 
. 

�f,tll�. 
repul,sive,forces ai,<i•st;-b�� e�ou�h•

.. 
·•·.· :?•::theJ>par:t16les '(:fines ;and fillers)· \:7ill not cqa·gulate,'.}1pori .colli,-

:.
·L·,· ,' l·.:/,ir'.,:>•· 

• ;·,::·\ s'Idd'f.}·rl the forces .. are ·not stro,ng · enough/·'•th�' part�:_6les
-.�\�·.:_:/_; 

.··.,.coagulate •·due". to London-Van ,.der Waal ts forces. · . 

. . . . . ;Ji[/Jf £:zis;:;;f �f f i:
s�tf '\f e ch�r1,� 

.
c ontro n� d . �henom�non·'. .· M7l•0�Ji? ( 21)

: : ,: ;;•.,'.•'}'}< Stta.:te·s;: thr.ee :'factors,' affecting, c6flocculation. .• Th�i'firsi. cihe is' 
' -->t'..·,�:-:///:Lt�t:,;,_(,,-_i'.._<�.' ·,::'·· -·-.<�> .. ,.,: ·._.·,;•, '1_ ,•_." .. , ' .• · -� : .' ._··:, • ::<·.i,:;;_,:'.'; '.", ,, 

i ' ',. ,:;'.!bB�:(9'61:
t
�si'o.t\ip�o.c·ess '.qontr()lled ,. mainly by' .the' exJen-f,/cif('.�git�-

f
.ipn\, ' '.·, .. ' 

� \· .·,.�-... .-.· . .-::/:i,._j<'·_t\)_··):11.·:'/;}--·\:�\\);._,):(·.:.'.\,,·.·_:··):. ,::· ·:;·_,_\ < <_ ... _._ ;,--:,.·.:.-�- ,.-, ,?,· ·. .. ·.-'-::··>< i ,_ •.• .. , .,<<. ;··· .. · ...... ."_. ·-·: .. :<•,·,:,/ . . ;>\�---:::_·�---· ---::·)/\,\·(�:/::·\·.· .: ·1·,);·/(:1\·./:;L:i'_: .. -;>( .. i., _:.\-�_'·;,,,.:>>::: ,:::;,:_(:,,·:-:,__.::·;,/i:: 
.

. (.\ 

:.:,· \:- .. :.:.·•,.i•,'>_ ,· 

,:• t"o .. '.•"···b ..
. e.·.::·: ... ·.1 .. ·.m.·•·

··po'rtan .. . t . . . 
for ·He states i '

.
that·,r.· .. e . . t.e· .. ·.·.nti.•·:.o .. . n . .... · ... :.···

1
:•.: .-:.·<:,.• '\.<:., : .. ·•.•·i.··.'··:•.: .. <

' 
I ·"/.·:,.::-:-·,:.'L\":·;_-· .. ' ,:,'.' 

', ,- -'.",:,'
'

:';_'\•", 

t• ':
'

, ··•,.<·.:,.-:.\•·• r,,, .. , _. ,i.,. 

·;/::>:'.::::/: .. ::· , . j:,:.:::';\.·,)::/}::tl;./:rii': 



Han and Chang (1) did extensive :vrork on c9lloidal for·cies. ;'

They report the following. cellulosic fibers have 'Very weak.•' 

negative electrostatic charges,; ,in. J)1:J.re, Vlat,er·. ,y Organic fines: ma;y '
/. 

have the sh.me ·forces. Thes·� :6�ar;�;;_,:,a��·/.i·ns�ifi,ci�rii.:tc) J�e·�P .. ·. 
,. -� l' 

them apart :·from each other or from .. fibers, ori:c6llis1on. I£/th� 

fiber system is contaminated, some: ions tend to adsorb pre:feren'--' .• 

tially onto the 

··a diffuse layer

surfaces of hydrophobic.particles�: Th'
i

's produ�e� 

of opposite '.,ions ·sur,rounding.'the charie.d)t�t:fc:;�}'
',.

-
::,(((_;· 

'by virtue of coulombic forces •. ,Certain moledules' adsorbed': on the:: 

particles may' also cause repulsive·t�rces as·with<1on�.' 
' ' . 

' � ':' ' - . " 
. 

·�, ... ,. , 

"-,., ,. 
. ··,',, 

absence, of repulsive forces :the attachment of any tv,;-7:pa:r;ticles ,;:,· 

is· .'dependerit,: on .the net res�l t ,· of hydrodt�ami/: /�6i'lol�:�t;=.r:�d1::/)'}
i

c:: ih';;· 

molecular •forces·• at the site .6f c��{fsion', Tjesf t�e/f ���;,17:�l,,{�� 
·· of the distance of 1·separation,,., Britt> (22) fo'uhd · that ,collofdaL:';\

-�� ' �' ' 
..,, ' ' ·, . ' ' 

•• •, : 
• , , 

-, .• '.
. r , '•,, _,:_\'

-
� • ..,-•

.
:•• .~:•> :.:

'.

:,,:>··,,.�,:�"•· f•:_•-_;: .. , •.>>>�_\({/:1 ..._ :.":'/ 
· .. attractive forces .are affected by a;variety of\'chemi:ga.J\:�f3.C;4ors,C:n 
-�_:·._ ,· :', ·:.. ' -.,, ' : '., ··_•_,_ .� ..: :_. :'.'<:,::_,,f·._�,,,�:>.?,_f.:t:,f:-?:''i\(;:,\·(('.•":!_. ____ ">�·t·;\?i:i,:-/�
'_usual:l;!. related to the. prese.nce 'oi.,n��-fibro�.t addt�+t}}�;J.r::;./�;e,L:,: 'tr:, .. -,? r 

furnish. '/::\)/[}:,it'; I' "' ''
:•: :::h,�-. Paper Ma_chine 

. . .... }�� tt. · ( 9) f 6und retention to. ?" �rea1;1r;, ,\lffe:�;f �iiif:J?�lJ.f [ ), \ .. •kiJ(;'f t\
, :lenc� -or hydralic shear existing dµri,ng, sheet'.'.forrria11oif;.�}(Fi'ank:le·\';', (: t\:('0;;,: 

, , '
,'

(� 1,' '', 1; 
·. 

" , , 
:..;•· ·

1
,·; •;:', <.,t �·:•,�

1
�t·1::-� '.\L 1'

1
' 

1
',f·�·'.:_.(f)<·• \, �<\'·�.' ,'", 

:'and, Sheridan (1+) found three ma.in machine factors: that. influence'£\'\?.,:<.:,:·>/:'; 
', , o '

:· 
'.:. , 1', ':.i ,',·.,.::·:/f·/':,;··,:,•:;</-':,>,':';:·�;,''. .. < re:tent1on. 1rh,ey · are the machine itself, headbo,c chemis:try,i·and·:.,, ; .. ,, :.'/•,: ''(' ·. ,. /h':.,i 

, .' . :•· i:' ·, . ',..::·;,·. . : · i'. :> 1\ ·; > ':': //;l'<. ,f:�.i:J{:',,'f, '.'/:i::"'//,. :•.i:J:. :'_:' ,, : //:f './t.
thf: type· of paper .. being proc;l�ced,.'.; The mech_a.nipa.l:'/ac£�f6n/of 1 ,t,he>i;·'i//·•/i,:\);\,,,/;' 

• �� ; 

·:.,. 
•• \ -� : i :• • • 1-·_,; �:-�/::�j. ,.,:· .·.,.\�'. r-{:.:.i:��),::�/t�\f�·::\:;\·.�f:\i.1\/., ;·�:-:�,)�:;/,·.··\\J_.�.!:T.�./!<-_:\,_!'• 

,: mach.:tne': specifically the drainage·, elements·,:,,:' a:f'fe'c� 'i'r'e'!tfention;;';-\I '.'.:;:';-,.(:':,•/<:-.:,:.f,'.t:.,: \;.
,, l,r; ,' ': ' ,11 .'' ' ', • •.t· !•�•:•;,, •� ,•·•,'�;. :' :,>\,\":,,:,;�,1-�'�; f�.:}�'l '.,,:1,;:\'):��;,,\l;ff::•:(:•�--�',,}:,1"•:•1,1/'1,_1,:-:,,�.'.//'��•; 1JJ):f,�;·':

In. the, .absence', of. chemical' adp.i'tiv,e:s ,:.:'re·bent'ion: ,'qti:n'; i;>rf1yr1:>�i:.':•.::.\;}::::·/\:,·; \\::,!:,\::�,·::;/,
> '' 

l 

r 

,,-': • ,.r ti
_.

:,•, '' \)� :, t> ',: ',',',�!t,_;•: •;Io''. i,1 ,t •:� ,\'� 1 \:/)>/\�>�j•'f• ., '. ,:,}��I, :,,;;:t•�\1,/:>•i/i,),,;,/' 
changed by major equipment changes�:,' Estrip,ge":°(1:7) ,'-g�:v��·:,m·orit:,.'»}/\;/.,�'!':/ ).,/-,::,,; 



details about the effect · of ,,the drainage elements. 
j. t• ' , ,  . 

machine, the forming mat is disrupted by'waterbeing

through the wire from the table roll, . This ·-incurs a grea.t�r 

chance for more fines to be ·.lost. ,. Pa'per machine J..oss''is' 'gfeater"
:�·•' ,-.: ', -·, . 

" 
,' .', -� ',, ' s,. � ' .. - \·. 

than handsheet loss•because '�fJhiS:and the �;vnamic for��s· 

involved with the papef machine� ·Bot� Tiift (13) an� S�i�� 

found a decrease in retention as t}1e speed of.the 

is increased. 

'RETENTION AID MECHANISMS 

Sur'race Charge

· Britt ( 9) states that dispersions of Pt:;fp' i�· water show

negative zeta potential of considerable 

same factors .that reduce zeta ·potential promote,,floccuiatiO�n
c-1o" 

retention. · Electrical potential may, be .the predominant'fa.c:tor.111 .. '
. ' '"-< ';, !,.- . ' 

. retention but it is not necessary to" neutraiize···thf .b�igiria:'1.:- /?
' 

� • 
' ' '(, • I • • 

' < • • •�• 
• > 

• 
' • • • 

• t 

negative charge of the syst�m. in; or,der: for flo6culati6J;�:·or.\i)teri;
, ' . _:, ." -') •. ·:·,: ::. ' .. �.,.,·.·•,, i, \:'.�;� :./?:;·,_:·,.�;::<.<::·· -'.:··>:, ,.'. 

tion to occur. One model for this pheno�enon:; -is, giveri ·,by. the( 

following. The negative charge o� the surface. attra:d;� Jmd .·.· 

adsorbs, cationic polymers •. These.,p()lymers, even. thdugh',they have
not·�:��,iraliz�d t�e n�gative•,•charg��.· .. ••are/�-t·i'�.{(c·it�0ff�;o}�fto;mlrtg'::·

<�· . .\:',,,,:; ,·,: >'/;•:" .. 
strong· C9nhecting bridges between nearby surfa,ces. '.' rl'his)me'ans,'. . 

· · . . ·.
. 

. . , · . ··. , .... '/.·,·. :·, .. /Y r:< .. :,:.tf: i> ... :; ./:,'.· ... ' . \:,:: 
charge. neutralization is not .. dire'Ctly related'ttoi retefrbI:oit},of}·: .. -:'/i ',;:;::·/,:: '/:.<t;''./i/:.;::

fines, The· maximum 
' ,_·,, 

. ;' . .". "'.•' ' . ', 
' ; '' ,.; 

Willi�s ·( 8)· found cofloccula.tfon ,;-t;'c,'' be 
' ' 

� ' l • ' _I 
' ' • ' ' •' ,; ' ., ' 

or compression, .of
1

·the., elf:1Ctri�·· double . .. la;
f

ers ·:,o:f\::\;hE:J'''particles ;,\ .. ::,,:; •:/;<vL,:\."i•·•:,:,·::i ! ' 



. used .to Eeduc� the :re:puision �Y, compressing ·-�he di_fftlse )ayer

i�ns.by,i�creasing;theconceritration?of cburiter 
'. . . .. 

-that>.the concent'ration< of
.,,

to. th.e. inyers 
_ , , , , 

'_·. ; :, , , . . ," . ·' ·,.. ,-; � :.. 
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. � 

bridging between particles appears .to ,be'necessary for good

retention under dynamic conditions. Goossens and tuner (24) have
. , . . ' ' 

divided brid¥�ng into_two groups. The first type of bridging
' . . . '' ., : . . 

occurs .when two particles are connected by the· ends·o:r a polymer

chain. The second typ�. in.;olves bridging through the loops and

tails of the polymer�

Retention Aids

. \' 

�he following is a discussion of some of the main types of

retentiori aids.· Britt (9) states that short ch�ined cationics�
. 

,·••: ',_ 

cationic starch, a.lum, and all anionics give soft flocculation.

High.molecular weight anionic polymers have given good results.
• • : • ' • > • 

The:mechanism for anionic polymers is not well,understood. Two
. .. 

· possible mechanisms have·•been discussed previously,_ charge attrac-'
>-. 

tion and bridging. Anionic polymers give better formation.than 

,ca1'.ionic. polymers. --.. ,In the case· of retention aids, two systems 

having the same zeta potential may be flocculated.to· diffeient; 

ext���El � . W_illiams · ( 8) states ·that po�ymers must be_, suited: to the 

systerL'.. fi.n.io1;1ic polymers require alum to r:educe or pe�hap� to -· 
. . 

. ·:Locali;1\reduce the, usual negcJ.tive crarge of the particJ,e surfaces 
'� ':�- ' . '' ·. '' ' 

. .·.. ' 

in ord:e;r- ,to adsorb. This limits anionic polymers ·t'o the ·.alum pH 
/· range., .,dationic''polymers can be used 

:r��·�ibd16 .polymers can be· used with an electrolyte • 
.. , '� . . }' ' '. ' .'_ ' 

. 
' ,, 

l, _.. -

·'-�rirkii�c,•J)RAINAGE JAR
. 

i. .:.:.:', /::}· •• :, : .. \: ,'• • : . 
:, . 

. 
. .. • . . '. ,'' • 

:··•t•:i . ::-::::•r:�f�0�t·>:•;h�-•- -�-:���\�--.�
ra

�
n
.�g� • .jr: wil : ••· . ·< .. :_ ... ·_.·

·. ··the�is} . it . is, 'important. to know ·something· c:about it:� 

dynamil:.'ctrt:Linage ja:r:- -was .develc,ped, at State Unive 

�oi-k,• College·: o±' Environ�ent�l' Science �n�·•• :·,
·_· :· <�: ·• ..

• L 
• 

• • • ' 

> ,  .• 
• .. ' ..... ,. ,' '"'.,···•, .. , 
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pulp� ,·•'
1
The r�t�ntion aids were\ prepared according \o the. manufac

ture;�� . diiecticm�. 

Reten J�W '· · ·
· Car.taretin F;..8 

·:.: ,: 

·•. riktention Aid

TABLE.1 

Manufacturer 

Hercules 

Hercule·s 

Sandoz 
,, 

Dow Chemical 

Allied Colloids 

Mol. \'lei �ht 

. <: 100,000 

Sug. L.R.

Structure' 

Polyamide 

Polyamide 
' ', 

. 

Polyamide· 

Polyac;ylan1ide 

. Polyacryla.mide •. · 

�--
' [.,, · .. Re:t;en JOlf ·.' 
' t:· .. '1 

,, ""100 000-�· , 
'l': 

f: I 
Cartaretih F_.;'.8. ·

. /: 1. Separan. CP--7 

rv 250� ooo

r l : Per90:L 292 
[\.: 

> t., 000, 000

_Lj, ,•,· . RETEN,,TI?N. :RUN PROCEDURE'

.. •: f '. . :'rrh� .retention run procedure was ,slightly. -·,1. ': <•' • , ' ' • 
j ·· · 'one g{jeri .:�n(The CF :Dynamic• Drainage· Jar for Paper Stock < 1.res'ting 
.cj_ : '.· :',\ ' '. : ,/: '. ,.,:, ''. ·,,·,.: .. ' '··,.:' ' '' ':. : . '', '' : ·, ·, L; , :-Informational Manual. '' The f,ollowing were the steps i_o'f -the'\ modi- ',; ; 

/N,!f �;,�;,:ft%rd,,;,�. . Prepare the stock sample (abou� soo. �r av O· Jf

•·
·· ;:co��is;tency) •. '':Prepare; the r'etention a\d ... A�d; the, stoclc,-.s�mpl�: '

:··11 ·,' •:·. j 

'· 'J-

···· :•1�'3!�oye·/it.he · pinch·.•clamp ci�d remove- 50· rill.� .. - <·Dot riot replaoe :.the' :: .. ,\:, '.: <.:

···,::n::,.:;_.){,,/\(·::'i);· ·.; ·· ,· .. · .. •·.
. :: .·:···, ,; : ·•· ,.·,>>:::,:/i::::/_:'-,. .,,:,::, · 

,, . ·,,' ' 
l"· ···.> �i ' '. ' ' '. , 

. : -;, ':·. ,_,:;>�>:> . , ,' ' ,-i:''." <: :..- '· __ ·,_; ..... �.-.. :. �.-_.\,:_:_�·-·.·i',:._:.'_·_ .. :,,i(,.,·.·:·, .. :,.'.:
,:i,,
.
_·_',:._�:;i�.-.:;:'-

·'._•,·,;;.·,\, .•'
\

'
:

1 -::.:<:./_,• '._:!,-,;t,:'..�·.:_J:;,; ::.'i/ ' _-
;,\'. > .., ' ', ' 

•\,(-i_;) i_: ,:•{
,
;_'.: -,_:-',._".;· _ _'):: 

: :, ,; •;,,;',·•. -� .' :'.-.,, ' ."::;·:.:\:, ·:-.:·<�:·.r··,1 ... )·J;;: : .. :,

: ' 

. ' ' r '
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' .

The .
_

-
.

- . · . . .. ·:
•··:·: . 

---\c 

of the j;otal'·pulp.} 
_<i·;-:;-/\.:.:,;•j 

in showihg,_·i�l�ti��--�rends ·· 
.. ·1 ,; 

stant. , T}le, .foi},oJ,i_ng/.t 
·-.--' .- .. · .;, 

runs. The 90%confidence·
·.· . ·-· . . ,; 

. 

the -three runs andiplus 
' > �- ·-,.

-
,
.;

·
!.':, .

. -.;· . 

. ,Figure 1' onfttie}follo\1/ing 
' - a,'. :�-

-- .
---, 

•.• - - - . 
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. ' DISCUSS.IC)N OF RESULTS.

' '. 
·. The :i;-etention of fines iri the .·run with no ,retention aid. is

;. dependent dri;l:)oth .physical .a.nd colloidal ·,forces. ' The' physidaL· ',, 
'·• .', . . ' ' .. ' , ,, . .,• . , . 

. '. forces involved;.are '•hydr.odynarrii6 forces .. incltiding the m'oti'on ot
":• ,-• •,_ •:-. •.' ,. • • . : •<: .• • •: ,, :" ' I ' ;:•, ;'. ,, '•, • • c 

•," • , •I,,: • .. • 
, 

' 

: th� .firi�s:,<•:their collisi'ons,. and> their inter:ception 'or· entrapment . 

' with .fibers'� .· Filtr ation �s excluded 'b�c�us�: a•.mat :is �o�' allowed.·· 

main.' coll,oidal· fo;ce · involved is ;coTlocculation. 
. 

. . 

. 

. 

. ·.· - .·, ' 

. It<de�is with.,the .. interaction of th�:. interfacial .fo'rces'and ,sur-. -�,'_\.::::-,�•, ",�.-:: • >:: i:• ,:·.:· •,• ·:•. •·• :, .. •, ,_: , ·, •:.-- ,•.:•.· ., , . ., :· r.·' ',,-'.·: '
. , ... •·.' '

_
" ,, '.; :, ;_ "i: .. •; 

ads�rutio1-i'�: ·: All of these mentioned 'for.ces ·are imn�rtant • 
. : ... " . . . , ,.. . 

'. : . ' . '• � 
�.,· ' . . . . ' . . . ..... •, . . 

.-/:.·,:, . 

· 'They decreased. slightly with increfi:Sed. ·turbulence (see Figure .1) 
\ � •; •• ; ' ' • • '. '.. , • 

• 
• ' • • 

-
• 

-

• • •

• 

.
' 

' 

' 

'

· 

• 

' 

• 
4 , 

,', �nct>:rorm the: base' for retention with retention 'aid;':-<:This base 
.· . . �; / ·, _· \,t �: ' " . :, ·.,. 

' ·: ._ ' . ' ' . . . . '.. 
. ·. '. , ·� . ' ._ .. ,. '., ', � 

:a."p:pears··:J.o' be linear> with resp�·ct to ,turbufen.ce. ,�. . , : ::,;-.. , 

',.R1:;ter1tionus1ng cati'onic· rete'ntion aids .. invo;Lv�:� itwo more 
' ... :�•?•/., ,::!.,/," ••,_-.,:• ', • '.

.. 
.:•,','•,I_ .• . '� ;' ··• . .' . •. . . , . . . 

:,• • •.·•·• ,: .·,;, • 

! . 

.. rriethoqs, 'bridging .. and reduction of surface charge; •. Br.1dg1ng is ; ·. 

, /::::.:t��;:�-t�onger �f th�·-·:wo and is more impo'rtant �t medi�� t:. high 
.. --,:;.:;,_.-,;,: ,.:,; ,''.) .. ·••, ' . ,: ,,-·._.<:��::·,.,: '.· 

i' ,', : :Y:/t'�f-oviehc'e'.' 'Reduction 'of surface charge is more' important at lo1iv 

,,,; ·•··, ·:r\·�fbu�ence. rt\is(hafd .. ;to'.,,di,sting�ish::w��t.•:t:r'�qttoJ;:;:e··::�he::;ei;�n- : .. 
�, :; . 

• ' - �' :'-:·
. 

• ' 
. 

' ' • ' '. ' 

. 

, • . ,' ' ., • ·. . ·' ; . . ,.;_ '1· ' 
.. 

i 
.
• ,: . ,·' -," 

·to either.meth�d at low turbulence. 
' . . ' 

. /: i{ eabh :ch;e :is aln1ost linear with respect to tur:-qµlen·ce·. "·:T
. ',. , ... · ' ' ··,, ... ,,,, 

·. ,f/;/fot�� ;1�f[{/;}:°.h tlie
1

r�tentio� aid wa� ad.d;d • m,�Y h?vf'.Cay�;��:\�•.
::;{·Xshape:; of ·:the: ,graph. The, retention aid was. ,in cof rta6t.)1ivitli(, 

f.r;{i
1
6c�[::(t

1

�}1.}
1
2O •·seconds ,be�ore 'thi '. �ixe;. 0a:s' s�t ,'at th'�:,; .:'�{

' 2,. J. ·,:,•,/; ;;', � ,'.,,. '.<, -.. ,. .: , · : i . _ : 
. .  ·: .. ,_ : ,. , . ,'.' , . _.:-.-/'.':,:·_.'�·;t(,:.· �-._.11,··;:/. _ 

: ;,spe.�.tl. Whi� le11gth ()f time m,ay.·not. haverheen,,1,ori� eng4�rffpr,' . 
�I. _

_ 
·. -.,.\;

,
'.'

,'..'.
'
� ;_

,:·
:
,:

·
;· ,

\
_ -

.:
·-

':,/
1

1

,;' .:.
_
:·· .' 

... 
- ' . :·

. : . ·.:,:: , ·::;::,,-··,· .. ;·_, .'./!:_·•,�11.:,: /)_,�·:·:i<.:·.,';·tt-\�:?-<.:·} I 

'}:'b£tdging·'to::·occur .·. to: ,ifs·• fullest 'exterit •. >The :h�·ghe:i:-, mo�e.cu�ar, 
;_;!:';)-_:-:.-.::\>:/)\':}i'.:;_,,'(.' �-,,·; .. i'>�' ·•",· '·�---·_, 

t :· .. ·• .. ·•.• .• • ·\ ·. �; .,-.. • .. 
,.\ .:··-r <'··.--:,' r, :· ·\·,;-·'.,,>;;,,{':,: :- ,

·
.: 

•.;>'yf.!31'ght retention aid usually, but not ·always/. has the:. great:er:· 
'.' "-

I 
.:, ,, . , • � . '•' • . ' / • , ' ,· ' ' •• > ; ' • • '. ' • , ·' ; • • ' • ' �. • • � l .·, , .. ,' ' • , .. ' 

; • :t ' '. ,' . 
.... \ ·._'/(:}(. ,:.;·: \,",(.':<. • j .:: -,. '• 

·
.. �: • , 

,,,, •• 
'1 1 

' ret·en�ii:)ri at. any given turbulence.:: :The surface charge on ·:the :, 
'"'.( __ ; ;.jA , 

• ' . • • • >' '• ,i ' ··•••' ," ' ·. - ' 

. lb'v,Jr. 'rnoieCular vieight re·tention ·aids' appears: to '.·1?e the 
. . 

- . . . ,, 
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factor at low turbulence. The three polyamide retention aids 

have different molecular v1eights, yet the retention was opposite 

of what was expected due to bridging. The molecular shape, c.rnd 

not the molecular weight, may be the dominant factor at higher 

turbulence •. At Very high turbulence, the highest molecular 

weight retention aids gave better retention, although it was only 

slightly higher than the run without any retention aid. 
' ' 

Considering this data, retention aids may not be economical 

at high turbulence levels. In the long run it may be less expen

sive to make equipment changes to reduce the turbulence than to 

add retention aids. The.corresponding turbulence�ust be known 
• - . . c-_ 

for a_particular paper machine to use the data.� This ·is because

different retention aidsL are best at differ.ent turbulence. Cost 

. must also - be .. considered. ·,Turbulence is defini t·ely a.n important 

factor to be: considered when using retention aids •. 
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' '

CONCLUSIONS 

Retention appears to be linear with respect to turbulence. 

The corr�sponding turbulence of, a paper machine must be known·to 

se.lect, the best retention aid,, The surface, charges of the reten

tion aid is. important for retention at low turbulence. The size, 

shape, and' chemical structure of the retention aid is important, 

f�r ��tention at greater turbulence, depending on which aspect 
' 

" 

· viilL give the stronger ·bridges.

·' .
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