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ABSTRACT 

Preliminary investigation produced limited 

information on the effect of varioua deinking 

solutions and concentrations upon the strength 

of fiber. Experimentation indicated that deinking 

does have a destructive effect upon the strength 

of fiber. This effect correlates to the temperature 

and the amount of chemical used. Also indicated 

is the fact that a mixture of Sodium hydroxide and 

Sodium carbonate has less of a destructive effect 

than either of these alone. 
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being. di SC ove\:�•a.7�nd :;new : chemiccit�, bei . 
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THE ETiiECT- OF VARIOUS DE INKING_ SOLUT JIONS & TEJJPERATURES 

UPON THE" STRENGTH OF_CHE¥):CALWOODJ!'.IBERS 

DEINKnm 

In theory the de inking of <paper is :a'._v:e:cy simple-

proce·ss. In pra.ct.ice the opE;t�ti�n is -complicated by - · 
.J' ,� '• ' • ,. 

• • ' < 
< ," 

the fact that after piper is�·made. and printed it resists. 
, . . .  ,• ..;,• . "• . . . .  

being returned to its·origi�af:forin·� 
. . 

· ., 

When paper is placed in water it ·may- be partially;' 

broken up by subjecting it to mechanical. ac-:ti_on wh�ch; 

ca.uses paper particles to rub hard enough so that they'.. 
. ' . . • '  

are. �educed to a pulpy mass. : However .complete: reduction' 

of the paper to pulp cannot _b·e· obtained without a.�ding 
. ' . .  

something to the water suspen�iori that .will break: the 

bonds between the fiber and filler. or coating and .the 

ink. In addition :once these·>bobdJ:3 are b.raken these . 
. . . 

patticl_es must be -emulsified ·and a ·.repe_lling act:fon 

set up·to prevent their redepositingancf,perm�t their 

easy renioval.1 

· HISTORY OF DEI1TKING

The .first part of the nineteen.th eentury brought 

a rapid developen.e nt in the use of paper-: machines_ ·wi til 

a. consequent reduction in pap:e·r ·manufa.cturiof{ .c:osts ,a.nd:

inc-reased pa
.
per corisumption. 2 _· As rags -��l:'e.: �tii"i ihe:i 

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

. ,·, ' ', 

I 

t • I 
I 
I 

f 
f 



chief pa.perma.king raw material and the amount or· them .· 

wa-s limited, some thought was given to the use of waste 

paper in the manufacture of· the better grades of paper. 

'vVork was star:t_ed dut.ing the latter half of the, eighteenth 

century in Germany- and in 1800, Ma;tthia.s Ko ops, using 

pearl ash as a de inking agent established a. deinking 

system in an English. mill.,2;· cr:·edit · is given to Henry E. 

Rogers as the first papermaker to put a 'deinking system 

into operation in _the United States •. Th'ifr installation 

probably- d·a.tes back to abou·t 1849.2

The development of mechanical and chemical. wood 

pulps during the latter half of the, nine;:teenth centui:y 
J . ' .

gave added impetus to pa.pet consumption 'and to an in..;. 

crease in use of �aste paper. 
'.'· ' ,, 

. 

During the early: part of the nineteenth century 
. · !· 

there· was a tremendous growth in the Canadian newsprint 

industry. Many of the older mills itl the United States 
. . l . . 

wer.e· forced by this competition into· the manufactiure · of 
. . 

better grades of paper, and it was during this·perio� 

that the deinkiog of paper haci its. greatest,advancement�

This advancement was accentuated during and. a.fter vr�rld 

\Var I, when wood pulp prices soared� 

ADVANCEJENT IN THE ART 

In 1801, :Matthias Koops stated that his :invention 

was a great success and he was producing more than 700 



reams· of perfectly clean and white paper. Present< . 

tonnage. {igures .. are ·not- avaflaoi� bu( w:tth,<the aid

of mp�ern �eth�:ds a�d equip�en�·:·tl�e�e are<mill.s \�bl�· 

to_ prtiduce·,:100 tons per day-.·· . Ftom ·1801, . to: da�e, there>·- . 
. '.' . 

' 
,._ 

·""

' 

-· 

. 
. 

' 
. . · 

.. 

-

' 

out, most of which use ·alkalies- a.nd aoaps to. loosen the·, ·:· 

inks from the fiber: • 

.At ./t:he beginning of the ·c_e� t,prf·a'in· this countrr�

the only- prac.tical deinking·'.systems in _use. were ori 
. . . . . ' �'. ''{ 

-

' . '" ' 

wa.ste paper groundwood-free.and in_wh!ch soda.ash a�d 
j• , ' . ::, 

, 
• • ' •  • •• •, . , •' • • ' I '• 

. caustic soda were. the detet:gent,5.·. 2 . This: conditions · -.._,_.

applies tocfay with a few exceptions and· these exceptions: . 
. ' . ·' ,, ,-· .·., . 

have been due to the recent. develo:pment:_:in ,the: chemical 

field of new wetting agents· and deter.gents· •. ·a:s· �: resu1-,t, 

a distinctive improvement in de inking should be. antici.: • · 

pated� .. 

. . . . 

.A:DVANTAGES OF DEINKED STOCK. 

Deinked paper serves as an ec:onomi� substitute:· - ·· 
.. . ·• ' . . . ' 

for virgin pulps, depending u:pon._geogta.phic_•��d.ma.r.ket. i
. ' ' ' 

.

' '  ·.• .
. , __ . :. ,· - : 

condi tiona. Ma,.ny mills locat�d in or· ne.rit large, .. 
. . . J,' ' ) ..,_::.; ::.:� ', ,. . . ,' . ' ' 

population areas find deicked stock muc:h'•c,ti7'aper,,_:than

virgin: ·pulps� 
' .

' 

. 

· .. , ··. <De inke4 · stock dee teases :bulk. ·:. This'.:is
i, � , 

·. · ·fn::_·1:,�:p�/:magazine and·� wri-ti-ng P.apeis. t;i��;:_1,·�·:)��,s:e::, · ,:: ·
I //·,' 

have been· an ;untold oumbe I of•:~ystems 



",.;. 

papers in which'.'deinked st0Ck\fin'd1;r it '.Ei gtea·te·s_t 

application· •. · :::;
! 

�--,:.· :, ;-; •-·. ·"�· 

,'.,'( �;:))-;::._.1 

Opacity:._ is :incr��sed by .ttj� u'se·,:. o:f:.•d�inkel, �tock�: . 
' . .. ,. '_, ' 

, ,.- : :, ··-:, ., ' 
·-\,, ' -:. . 

This is also·. important. in �he;:,:ab_ov,e·,papi(i_ields:. ' 
. .•. . . · f ,', I,·-�- ). ,,:� ,;'• "!, �. 

•.<,...:, ::. . • . • 
•; ·•\,._ ," .... ,.·\:·._·, ... _: t-:'. -.•·:.r�•·, ... :··· .· . .  ·. �· .. .-· ..Fotmation may be bett·e-1:··:--sirice deinked·· s·tock· has 

,, \., • ,' ' • •• 
J • • ,. ,. ,. • • ...,, ;-':" '" ., 

a tei,ativel.y low freeness. This·<r:e��its 1n·,a well· 

closed/:'dense' and ,faiily sna.pp\r�}li�et'::-. ' . ·.·' 

Wi��- the ·use of deinked st�:�_. a.: h_ighet ,perce 
. . ' 

;·,, 

of' size and<:Eiller can be retained· in 'the. sh�e.t. 

The cost . of a de.inking iri.lirtru.i�tio� /{g·

low compa.ted·::to a. chemical :pulp mill� 

.THE Lll!ITATION OF DEINKE!°D :S_ToCK.•:: 

Mr.� O 'donoghue 

lV decreased' due· to 
.· ... ,, 

,, .. ·;•, f: ·'.·'",,i•.·· ·' 

the ]P)Utpos�/of .. this repo:t t to :·�ee
. . . . . . 

case: and 1:f this is· true, 

affe�te·d. 

··to•-·wllat::deg:cee ·:th� ,·_:�i:ti�iJgth.is >; 

:,_-:•"·.;,'':"•_::\}·'., _.- :· ,, ' ·•\· . .'>- ... )_:;,,:·: ,,,_,·,."•\:�,.; 
_,, \, 

TYPES OF DEINKING PROCESSES: 
,.··-·, 

Thei:e ·rs no unifotmi ty-·, of opera.tfon 

:deink�ng-miii'a. 4 The equipment use:d-deI>endi'. upo·n
, ·: .. . .  

a;vailabi1itY of floor apace, and e_qu1�me�t'. 4- All.· 

de:r'nking. proce.sses operate on \he .. :��a- .b:a.sic ... pi'iiclpl�rh 
' . ', ', .,: ,'_ ',' 

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

,• . ·. "•
.
1:•·.:• !, -�- •• ,• 

�he .·r1 ist major opera.ti on 1s :me·c�n; ... ·.: ... : · - · £;i
,' ': ' ... .'· ,'·' 

'.'' ·, •.-,: 
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and treatment with chemical.a ·at high telDJ;)er:a.tures. 

There· are two different classes· of systems used in 

deinking, low density (4 to 9%) and high density 

(25 to 35%). 4 

Low Iensity Systems 

The low density system is used by a majority of· 

the mills. In this. system the stock is mixed with 

water .and deinking chemicals in a centr:ifugal pulper, 

breaker beater, or some othe� '. disiotegr�ting_ device. 

The initial disintegration may be e·ither: a. batch or. 

continuous process. 

In mos.t cases the ini.tia:.l disintegration is ·fol

lowed by cooking in either. cooking .chests:or station

ary cookers. The temperature range i� 160�210 degree·s 
.. 

F. A comple.te cycle lasts. from 2�5. hrs�· depending upon .··

equipment, concentration, temperature, chemica:ls- used,.

and grades of waste paper. 4 ·

High Iensi ty Systems 

_High density disintegtation is used to a limited 

extent. In this type of system the waste pa.pet: is fed 

together with the chemicals, water. and a.team into a. 

pulper of the Lannoye type. The waste pa.per is dis-in-

· tegta.ted and deinked while in the puiper. a�d · is.· di�--
. ' 

. 

cha.·rge·d continuously. _ltigh-dens'ity dis:integtatioc may: 



be· follo\7ed by low density cooking. Some mills still use 
' ' ' 

cy_lindrical ot rotaty digesters fo:t cooking waste paper. 

In these the dry paper is fed into the cookers together 

with hot water and chemicals. 'the waste paper is· cooked 

under a pressure of from 15-30 pds. for.a period of 

from 3-8 hrs:.� 

CHEMICALS USED nr DBINKING

The chemicals used in the deinking of printed· 

papers usually comprise alkalies· such as caustic. soda, 

soda ash, or·:? sodium phosphate: togethe:i:· with surface 

active chemicals employed. as· we.tting agents and deter

gents. 3 ' The· alkalies break the fiber bonds· and deta.tch 

the coatfng, filler, or ink from.the·paper fibers-. 

They also aid in dispersing these particles and in 

some cases. react with' them to form soluable substances. 

While alkalies per:f'orm the abo_ve tasks they 40 'not· 

have the ability to. sufficiently emulsify these- particles •.

In ot.der to do this aoap or a synthetic detergent is 

added to the deiriking solution. These products tend .to 

emulsify .the ink and other par. ticlea. and set up . a 

repelling action between the fibe'rs and these particles. 

so that they may be more easily removed from the pulp 

by washing. 3 

. . .· 

Some wetting age.!:�s a_g9: __ detergents, whicn· cS.n. be· 
·---- . ' .. -:; ,' . ' . . 

•. 



·' 
,' '':.( \·,:,: '. � '1 '. 

usecl'ito advantage .iJ?- deinking: 
·.. . . . 1. Oleic acid 

2 • Gardinal · . . : \ . . . . . . . . . . . ... 
?·://::·,3.,::))uponol W.A. & E·�s

. 
•>Pa�t.

_
e

_
s

_.
· .
.

. 
_
: .. ··. ·,

_
.'._:::·.

_.
·:. ·

. 
:_·
_
::

_
·
·
. ·.· 4:� 'S:tlicate of soda>: t \, :::,�:::i:.,> .: :. ·•· ·· .· <:<

5;:•·To;Pqnt M.P •· 20.2: de.te:fge;t/&::�mtii�·1ry1hg·/ 
agent·. :·· ··· · · · · · 

6. Tergitol

'These are used in concentra,tid!l� :varying::from :;· • .s::.···
. -' • ,  ..... . ,_.-, .. ,_, ' ' :. ,,. . ":·'-:• 

to 1%; based on the weight 'of· the. pap�r_. i 

Following: is a comparison of :•elev.en·. ein . ng, . 0 .· ,, ·, .. . .  ·· . , .. 

show·ing::the amounts of sodium hyd.roxide:::a.na :sodium 
,:\ ' 

carbonate. This comparison .was·.made by°)lod�rick 

0 1 donoghue.-?· 

· . 1 2 3 LL 5 i' 6 . 1:·. · 8 . · 9 · 10 �1 ,, : ·· ...7b Raon · · --- r�.s · .1. 3.o.4:6s.s 4:1�-- ::.a·:.: ' . ' . 
.' - ' \ ,' ,.·.,_ .. . '. ., ,• \. ,. ; ' · .. ,·· .. : .: ',• . .  ,., ·.; .. 

% No.2003 8. 0 �--: 7 • .5 ·3.0 .5 • .5 ·:�-;;. ·.3�0· -��7:. ;:::_;: 4.0: 8. 

1.5 .5 ·1.5 1·.o 2�0 

While a .straight solution 0F-sodj_t111t b.ydr�f1.a�:;,�ilf 
� ; . 

speed µp/the. deinl{ing operation .its a.cti_qi;1-):ts_imor�

detrimental to the fibers • 1 :, Exp'eri�hce ·,h;� ,:shov�·:tliri.-t):: 
' , . . .., ' . 

,:: . . 
.,,i . 

.. ·,·'',' 

there· is a :erea�er fiber loss >ythen·icidium hydroxide: 

is used than_ when using sod;um c.arb\m��e. 

fs more than of set by the time· s:aved. in treatin.g.'the:: . . . .. .. . . ··· . 
. · .. ' 

stock •... Therefore: some mills use:•'a com.bination·or.:both:: .. 

. to· get ·fairly. r-apid de inking. fri th<�. ,Illiriimuni -of: fiber.:<. 
' '  

loss.· There is no lit.erature:a.vailable:on 

' I 

f 
i. 

••·:cooking:; 
· (hrs.) 

'•,-,· 

SODDJ~il CARBONATE :vis~' CAp-;3TIC 



sodium phosphate. 

DEINKING ACTION 

Strachan gives the actual action of alkali solution 

on printed papers as follows:? 

1. Neutralization of the alum in the paper, followed

by rapid percolation of the _cellulose by alkaline

liquor.

2. Saponification of natural resins and sizing in

and around the cellulose of the fibers, and to
. " 

. . 

a.limited extent of the dryed oily matter of the

ink. followed by a·loosening or adherant films

or the lo.tter.

3. Complete loosening of the dried ink by friction

of the fibers ar;ainst eachother.

The use of soap results in a similar solution-of

resins and saponifiable matter and is most use

ful in the removal of inks containing resins an.d

mineral oils, but the difficulty is to find a

soap cheap enough for the purpose. As a rule

the soap provided by the solution·· of resins is 

qui�e sufficient rlithout further addi-�ion of fats�·. 

Strachan also states that 11printed papers carry on 

the average ½ to 1%. by weight of printing ink. 117 The
. . 

successful. deinkiqg_ .. .of present day printed waste papers 



lies in the necessity of a suit.able· chemical treatment· 

carried out economically and \Vi th as little p.arm and loss 

to the fibers as :possible. It is evident that time, 

labor, powe1,, steam, and chemical .cost are. :t.he important · 

factors, the first probably being the mos·t important .as 

it affects all the others. 

In order to reduce time, the inlr must be quickly 

loosened and the fibers separ"'ated from 'eachother. ·wet.;. 

ting agents will help in this action,· also the addition 

of heat and a larger concentration of the a�kali.2 By 

agitating the stock at high con�istency:, the defib_eri.ng . 

action is speeded up, with the added advantage of lower 

total power, steam, and chemical costs. If the consis

tency is high the same amount of chemical will. be in ·_ 

more concentrated. form. Hov1�ver, .the effect on the· fiber· 
_is less. drastic if the time. element is redu�ed. and the·· 

temperature kept low, as can be done by the use of 

1:1etting agents •2
.. - ' ' 

Jl.nothe; advantase of tj_uiclrnr ·deinking of waste 
,-· � 

paper is :•that. the stock is fre_er and more neai�ly. of the 

charag ter of the original fil�er. 2 · This: fiber condition 

is of c;reat importance in making some grades of paper. 

A longperiod.�f soaking andagit8.tion required in some 
•, ', 

• 
•,° ·• , C 

,,, ·.,, 

. sys terns: gives·,�- s�ow weaken�t s:t�ck of mushj: fee1_:\1hich·

·. is generally: u:nd¢.si.rable. 

,. 

•: ,. . .  · ... ' 



PR INT ING. INYi.S 

In a study of· deinking, considerati<;,n should be 

::;iven to t}?-e composition of inks and hovr they are applied .· 

to the paper. Tv;o seneral types are used: The fil·•s t type 

of ink dri,es by quick abs orqtion of· the · vehicle by the 

paper; the second type ch0 ies vii thout dep.ending on this.5 · . 

The former has its principle application.on.newsprint. 
. . . . 

and groundwood special ties, vrhile the latter is .. used 

for less absorbant papers that are·sized and·coated. · 

. Inks are made of a pigment and a . vehicle, the .. 

:pigment is the finely divided material that gives color. and 

body to the ink, while the vehicle is· the . liquid in 

Vlhich it is suspended. 

The pigment may be cafbon as is commonly used .in 

black inks or or.sanic and inorganic color� :u�e.d. to make · · 

inks of varJous shades. Ca�bon is usually in the.finely 

divided form lrnmni as carbon black�. _It. is resistant ,to 

alkilies nnd soaps. Organic colors are usually.derived · .. 
. '.• ' 

' 

from coal. tar fro1'.1 which a large grou;·. o:{ colo;s are 

obtained. Vlhen the color v.rill dessolve in a solvent it 

is not a·pigment but a dye. 

Inorganic colors are colored suhstances of mineral 

origin. They. _are divided into two. geiieral classes .
,, :,, 

'·• 

namely haturai. colored earths··and prec:i.p:ita.ted in.organic 
' ,, . , ,, ' •' . .. ' , ' ' ' ' 

.colors .5
. Most inorgantc·· p ig�ients .. used in pi•inti�g' inks.



are precipitated pigments. 

The composition of the : v�hic
T
e: :depends'. ·tip on ' ' '" . . . . . . . 

to vrhich the :ink is applied arid may he .�onip;sea::·of 
'•:···:, ._,., ' 

more of the following: Heat pro�ess.ed. .vegetable: oils; ·• 
.' ,' ',':·. ···:.,·. . . . ' , _, ,,.-._.-

such as lins�ed, perilla, tung�• ·dehydrated.cast·or oi
l
' etc;

' .. · . .  ,,···. , ' ., ., . . ·. '':·, ·. 

menhaden fish oil, oil alone. or)heat .process�d.:-i�_:comqi•;.;; 

nation vii th vegetable oils; vegetable:· oil� in comlJinafi.6:n 
' . ·.· .· . ; ·, :'.·· ' ": ,, '' ·,:,.,:··:',/ . "·' . . 

y;i th resins; driers, with or vli.thout v:olatile: thinh;r ''.-
"·' � . 

. and ,•nute's, petroleum or mineral oils. of high and �ovi. 

boiling points.; with or ·without resihs;· resin.v1f�:p..p;1.t1 

. cizer · and. a vol a tile thinrn:3r; c·ellulose es-te�J:J, ::plEt_siii� . 

cizer 'and low. or high boiling. :so��eht;: C·ll�:�{� :wati;:_::·:\\}: 

emulsion.5 In general the vehicle •is made tip < - •.·:
' ' . ·' ' .' � ' .. 

,, 

tions /of oils, resins, driers, thinners, and,;special ,. 
·, ., . -, -,. . 

. -•·'.,'. . ··.,> ,-·.,, .. ' 

compounds.

The, types of dry"ing required in an;.ink, g:J:>eatly: 

fluence the choice of resins used •. The·typ�� ofidry 

are,' oxidation,' polymerization',' coridensat:i.on, 'perie'tratibti{,. 
. .. . . • :1. 

' ' . ·  ' . , ', 

and abs.orbtion, aniline inks··by ·evap·o_;ation 
' ;•" 

'inks dr>Y. by means of heat, yjb.e�E3?the:;dry:i.ng 
- . . .,•. . . 

· mai�lY by polymerization, co_nd_�nsation :and �om.f oxidatfpn.5,. 

Driers usually consist of 'a ::inet'allic salt- such·::as . 
' . '' . � , 

' , .. 

deriv,ed from· lead, . ' . . 

. : dryirig 'c,f �h� i.rik • · 
' . '.,, '. . . .. 

';:< -~/\.,., 
.;,:,/::,. 
·one,·· 
;::,,,f:/}-'}; 

manganes~· 

.consi:f3tency · of 
:,·, .-.c._·_ • .. 

the.ink. 

·. ',·· 



quickly set _the ink, .decrease.:tack� el.'iminate, :P 

< .·· ··.· .. /·, ·<:.·./, '. ' .';','•.t/·.,::.:-··. �--··t:of the. _pap�r'', and prev•ent offs·f3t. .�e.s� are::: comm?

lano.li�, ·lard:;,:soaps, tallo,v ,·.jroxes ,ana:'\;c,�bi3:1afio11s .. :. 

-i.7ith.vari:ous oils, asphaltuni and re�i��.5-'i.:·>·

. . . . , . . 

. NEW PROBLEMS -IN DEINKING .. 

The intr,oduction .of paper, :highiy::1()�d¢ .. �::.\�,ith'ica.i�1.ttjn_':./ 
. . ' ..... ;,.:,.: , _  ' '  · •• 

carbonate filler has ma.de de1:nking.·m0re:; difficult� . 

is because of-/ the. affinity -�f the ri1i��:::
0
;0�·:'·i�:·Jd/tii� ·:',:.·: 

resultant ppocluctioriof insolua1>.ie·6ompqtmds. 
'.,,·_, 

Also insolhable ;·ciompouri'.ds /'ar1: formed wh�ri: cas�iri 
.. '.\.<.: ... ··�>-,_ --��:/ : ·-:� 

, . ( .,;:�--_:··,.,.·>·\t/ .. _.>·. :_· · 
.
. -.- _,:

'. ·•:,•,_>;_ -�., ,,. : '._ ,.:•,\:_:�_:,_ .. --: ·:-,- .'','.'_ >'
-coat�.d papei�s'-'are used in the\'d'�inJd .. I?-k :?:1?.?i�'�s' .2 ,::-:· :. \:/:/ :. ::::

The devel�pement of ma.cntne·· .coate·r:pape·rs .. h�� i1�t�o�·.< ... :_, 

'duc�d. a- n��:��:·01/\robi'e�s�'.."
>f':·1·���P��- �f the �h��h{��:-:'.· .::.\_;·:•

·-:i, , .:·) ,:, . . , ,' ... ':" ; ·❖ 

coat'ed pnpei>s ,cc>11:tain,_grs,�l+wood.:.. .,.:\ .: 
'• In ·.t�� 'p��t :mofl t:.Pape�s •Ymr�'.);,ri1:1t�a::,with 6il::base, 

whic'h 'consi'�ted·, of',, finely clivi,ded,"'c�ai-bon �d minerai::<:-/,>:::-: 
,, , l ·,.� '! 

' .� ·J::, ·�-•·;",•>•·' • ... ,, _. ,.,'.-_ \ ,._. ,: 

colors in an ,o'it :::;�hicle.' ··This :V�ri_i�le·:.niight •b,e:,_,
qffa\zf�/:.'

boilt3d l�ns�e¢r .. bii, 'soya bean ·oil etc):":.?· 

The.higll;speed presses of to��f require/.4 ..
. .. : ' .•. ,':" >-;"- ·. :.' ,'._., ,., .... __ :,,-_ :: ·.,:. . . -"--•:•: .'._-:.,

inks. · 6� rine. paper .the su,rfacE}:-•mli's·t :be <Sino6th 
·,· -. . . . . ,' .·.: � ···•_; ·:,· ; '•,:?. . .;, ? ·. 

for ·good prin�ing, ink is abs orbe·a ,·mor�. slo,vlj-'� 
,:, \: ·\_'·\.;,._,: _,, : .. :" ' .  ·. . . ·, 

smudging this' latter type or···pa.per}'the'He�t�se:t,:, 
. ", ' ,.< "'.>") ··.' . 

h�ve been develop�d.2 These·;.:i!:tlrs' consist :o:(: a iarge

·i.•••• .·.::::::::
8

.t::• ··:::::
1:::::t�;i�:'t\i[ tr:if 1:ii�� 

'' i :·· . ::::·:,: �;!,·



remains i.nto :·a/. hard · film • 
. . ·-.:,., � :!,�_. . 

Anothe� ·recent developernenttis.: iri· the use. 
' • , ' 

' 
,. ' . . . •·.-.-''" ,., : ' ' 

set inks which <a��';apP,lied hot to heate�,::_roiis :.,a.#a'. i��_'
Wh;n applieil 'to �he 60:par'f tiy�:ty:i;c·�ir;•�i�·e('J�eY,;:��J:}{('

>.;•··/�>/,,,,quickly� 

•{inother .recent inovation i}'?bh�t··.or:·.���aii�/li�i· 

printed. s:h�et··· vrith flour and ·w�t-er, s�d·: :to,:pre:vent · · · · •. · .. · · · · .. :· .. / ·-'t:>:-::: r '. ·-·: \;
In .addition· there are papers which· are 

. ,' - ' . �· . 
(· \'' 

,' ,·. 

to.give·. a high gloss. 
' . . ;, . -

Printed' '1r1ax papers cannot bJ)���,r·
. dewaxed.-

. It. can be' seen from the':above that IJi()de�:;� 
·. '," .. · . . · ·, 

technique arid c:bnsequent paper diia.ra:cterlst:ics 
···. , . . . :· •' '.'· . ; •. \'.,',. '-':', 

. ' . . . , 

• 
• C 

p�oblems . which are new• 

, . 
. ~nhich·;drives off··the ·volatile· 

,·,.' ' ~• f I. ' • ,.,. 

~ . . . 
' . . . . 

. )aque~e9-
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OUTLINE OF EXPERIMENTAL WORK 

The purpose 9f these expe!'.�ments will be __ to deter

mine the effect· of va.rious mill · deinldhg procedures upon 

the strength of chemical wo:°d,fibers; Therefore the basis 

for these experiments is the desire '. :to•:··�pproximate-, . as·

closely as,:possible mill production conditions 1vith the 

equipment and time available •. 

As a pi:-e liminary experim'ent it .was 'decided to find - -

the exact conceritrat.ion of alkaii:required to obtain 

complete deinldng at various temperatures. This is im

�)ortant - since _it is senseless to trY to _deink with .. too 

lor, a concentration of alkali. With too low a concen

tration complete deinking cannot be a�complished viith�n· 

a specified length of time. Also the same applies _with 

using concentrations of alkali in excess· to the requil�ed ·• 

amount. To do this experiment a series 6r square pieces 

- of white cloth vrill be printed with bold .face type o� a -·

proof press. These pieces of-cloth will then be deinked
- . 

in various concentrations of sodium hydroxide, sodium

carbonate, and mixtures of both at various temneratures ·
. . . . ' 

to determine the time required for deinking. Wetting

agents will be added to some of the· above· solutions to
. . 

. ·, . . 

determine the effect they have· on the de inking variables.· 

Yfuen deinking is completed will be de,termined by visual . 
-· 

inspection.



After completi·on of thts. preliminary 
. . , � ' 

. ' 

the results 0ill be 

be done be plotting 

plotted 'in thr.ef 'dim�nsi()n.-:i/ This will 
.. , ', 

",;. ,·. . ' 
.' 

tempera tttre ,..,;�riiius c�ncent;:�tio�. '. :: .•. 

'·fh�·. y''·axis 

.'.£lie z aJCis · i�, T:tni;}'.;J��. 
:- ''.;:)' 

To determine the effect of vari·��·S·•·m:111-• deinking:'pr66e 

dures upon the. strength of chemic�l wood fiber�-�- points .. 

on 'the above curve will be chosen and actu;i 'dei,ilking'./: . 
. . . . - - ,·.,,_:� . . 

carried out at the tempera t�re, · concentra,tion··; 1nd.: t:ime. 

values. corresponding to 

beater run will be made 

that, point� '·Arter'_deirild.rig a 

on ,:th� pulp ·and ::i;h�>·:h�ndSlleet�:::. 
. 

' '»·.···· : ·, . ' ' 

,nade will be tested for tear and iullen·� · ·.,.Tlle;::t�·ar ver 

the mullen will then be plotted on gr3:ph pap�r. · ,.The:• . 

relative strength of the pulp vd.11 be determined 

distance of the curve from :t.he .. origin. 

' ·. ·,.:'
' . ' ' 

Cooking•· 

In. ,:n�der to duplicate mill conditions 

as po�sible an ·approximation of a centrif11gal .p_u}.per 

is to be. used. This apparatus consistif of 

a 315/16 11 diameter agitator,and a twenty 
: ', .' " 

less st�ei'pa.i1.:> 

The· cons tan ts in cooking. ·w11{: be,:.

and. ·°t'emperature -versus the 
-__ - ··: . :_ \-Y - -: 

The 

I ,. 

f 
f 

a 



··.' 

. ::-.::•;:> 
, Amoudk;�f stock u�:�f

d �, -..t/)iSof(�rams. ,� \_/ , . �\;;;.v .... :_ '>/1·:'.; •.t., ...... �._.:•• .. :--.., -· /.."'i - • 

. Kind· of stoclr used ... �·V1'rgin We_yerha.euser\; 
:_ '· ;· ;B�e:�che._d::'.Sulphi te � · · 

>consistency ·' - · · 2 '5i/: .· ·. _ .. : . ·: · . , • . . ,.··
:.�::--· ' -:-::\.,, ' :"·.:._·.; . 

'
. 

' _-•l_, . 
·
.• ·• t · , ,< ,;_: !}

':;
_ \,:: �:•. '·; ,\. • . ' ·, � '' 

Pr��sure . .:. Atmospheric pressure'.· 

-;: · Th�\ prtip i1���� ·b:e;:'.f�\§��
1
�-,;'ad'��rateli:·�.irice 

we. ar·� interested. in yield. 

Variables in cooking will be :· 

Temperature 

· Concentration

Time of cook

Disinte.gration 

.. :_ i30-:-f86 ," _egrees · 

of :ch��{�al � -1�;, 
-��--::·· • ' 0� ' ·-

, ·::•:·::30�90;::minutes' 
,'

,-
. ,:

· 
,- ,, . ... • . .  ' . .

, There i_s no· need .to __ ,a�sint�·grate·. 

since this \vill be acconipJ.islled 
. . 

," ' .... ·, . . . ' 

any_ fiber •. -'._ 

, De.termination of the' Rela.tiv·e' Pulp Stre' 

, The pulp wi_ll be beaten tn a Valley b;eatf3r •. 

will •b� macle · 'at; various time inJeryals, 'on the lifoble 
' ... ., '. :• 

-
: • : ' ' .• • ', ' < • ' ' , : • ' 

-
·�· "'' ' • 

. Wood sheet mold. _The, sheets. wiil::t·he�.:,b�. \)ressed. -in
1!0bl'••· 'and •. '1'1o}a, ·Pre•� and dri�:''2�;/tiQ!1�?

{i
�'.'.�d

'.
&if d\!Jf ���'.,;!'.�,0}itl'.:lII

... ; ;J:::: '( •''i '} :>'�)iit)�it,',;;•·.·,,f i,· •

. :: i.i;; 1.·::x :• .···,••','JiI\l{,�;ii;{{i�;ti\�lJ[Jl]i��jii[if �t?('! 

in 

The. s tOck \;lill be .washed ih 
is important.sihce 1t is 

. .. -·~.-. ·, .. ···_::.'.''.\<:.:::.·:·· d~~Jfo~~f·to 
·>.J_.,: 

anc1 
the,· 



After allovling the sheets. to come to. standard conditions 
. 

:- ' ' . 

in the humidity room, they will be tested for·mullen and 

tear. 

The deink�d pulp .vlill also be· tested for alpha-:-cel 

lulose content and ·copper number to find the relative 

amount of degradation • 

.Results Expected 

An increase in .the concentration of the allmli 

v1ill reduce the. time ;required fo;- deinking with a 
. . 

. 

corresponding de.cre�se in· the. strenG;th of the 'pulp.

· An increase in the. temperature will also reduce

the time required for deinking and decrease the strength 

of the deinked pulp. 

An increase in the time required for deinking will 

be accompanied by a decrease in the strength lost by 

the pulp. 
j 
l 

I r 

t 



EXPERD:IENTAL DATA 

Preliminary Experiments 

The purpose of these experiments ·was to try to 

establish the minimum cooking conditions under.which· 

complete solution of the ink binder could be obtained. To 

do this it was decided to take squares of white cloth and 

print them on a Vandercook proof press. Cloths were used 

since they would not disintegrate in the deinking procedure 

and therefore ·would permit establishment: of minimum cook-· 
., . 

ing conditions by visual inspection. The end-point being 

the point bel01.7 which th.er� was a sharp increase· in the . 

.amount of ink remaining on the cloth. _The ink used in 

these experiments was Everyday Bond 'Black a product or 

International )'rintine; Inks Co. Excess ink was· placed 

on the metal ink roller in hopes that the ._rubber pick 

up rolls would hold a constant amount of ink. After 

printing the cloths 11ere set aside ·to permit the ink to dry. 

T'ne attempt to deink these:cloths were carrieq out 

one-liter stainless steel jars. The chemical concentrations 

us,ed were 2 .5;6 Sodium hydroxide and 5% Sodium hydroxide�-

The temperatures used uere 150 degrees F., 180 degrees F., 

and 212 degrees Fahrenheit. Samples of cloth 1i·1ere removed 

from the deinking solutions every one-half. hour up to 
• • • I 

I 1, \ • I •• " • ' 

three 11:ours cooking time. Seeing that·no.vistial.enci-point· 

was to be reached with the .aq_ove chemical_ concentrations, 



;· 

,· 

it was de cided to try 20% Sodium hydroxide at 212 degrees 

Fahrenheit •. This rms done to sec if- it ·was possible .to 

attain an end-point. The results of this experiment are 

shoun in Figure I. As can be seen no end-point wa.s reache d. 

To try to get around this problem the above tests were 

re-run under the same conditions and the liquor. from the 

deinked samples v;as. filtered throueh a Buchner funnel. 

Bri.shtnesses were the n run on the filter papers by the use 

of a Photo Volt-brightness tester. It was scion: found 

that the brightnesses obtaine d were not in correlation 

ni th the amount of ink removed,· ,but rather with the ink 

distribution. The ink tended to gather at the holes_ in 

the Buchner funnel and therefore did not give an even 

distribution of the ink particles. The results of one 

such test are given in Table I. 

In an alternative procedure, magazines were used in 

place of the squares of cloth. ·The magazines used were 

Life, Colliers, and the Saturday Evening Post. The 

magazines were slushed at 4% consistency in an approxi� 

mation of a centrifugal pulper. 'l1his apparatus consisted 

of a drill press, a 3 15/16 11 agitator, and a 12-liter 

stainless steel pail.. .The slushed magazine stoclr was 

then deinked at'4%:corisistency in the s�me.mann�r as. the

cloths. It was found that the brightness difference



between the original slushed stock andtlle final deinked 

stock YTas never greater than four points. This difference 

was thought r·elatively inadequate for determination of' 

accurate end-points. 

Experiments on Virgin Pulp 

.. The purpose of' these experiments Yras to determine 

the effect of various deinking solutions and concent1 .. ations ·.· 

upon the strength of fiber. 

Cooking 
- . . .. 

, In the outline of experimental' ,.,ork it vras decided · ·· · 

that the variabl.es in cooking would•:,o.e the .temperature, 
' '., .· ., ., 

chemicals used, and the concentration of chemical used. 
,.·\:· ,.' : ,· 1.. • ' ' • 

Time· of cooking, consistency,. apparat:u.s;.!·washing method, 

and 1:1eight o.f pulp used remaining constant. 

The apparatus used in cooking ,·r.as the app�oximation 
. ,,... . ' . ' . ,· ' ,., .  

to the centrifugal pulpe1" previou�ly described. 

'. The constant}� in cooking v1ere:

Time of cook 

Consistency' 

Amount of stock used,. 

Kind of stock used 

60 .·minutes 

380 grams 

100% bl• sulphite . 

·Since we are not interested ,in brightness the• stock.' .

used 1·.ras· a standard virsi.n pulp� ,.This 17as done to permit.·· 
· ·  __ , . '  , 

greater. repr.oducability of results� 

. . •;,·,, 
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·. FIGURE Ia
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Tuition · Local Fees Total 

; $84.oo $3��so $116;50 
3 56.00 27 .50 .· 83.50 
�- 42000 25�00 ' 67.00 
� 28a00 22w50 50050 
5 14.oo 20.00. 34.0o
c 

Tuition ·· . Local. Fees .. . Jotal ··••· > 

,'' :
N

···· :. 
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' ');(:::i,, -:• 

!,:·:;,-_: 
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FIGURE .. Ib 

J)einking at 212 degrees F. with 20% .Sodium hydroxide .• 

One-half hour One hour· .. 
' 

.. : 

· , , · ·,,uic�1;;��1� / ,J li�!�fif4'j:f ..
··'r••.QOQ \ �4:'QO'�� 

.?.,., .. t:J,::,NH, ,srtu:t .. !}JJ:k· .. }.:., L;-', i ·"· · ..,.r, ·•., 
"· .. ·-�-•,, •'.�� .. ::;:-,;..:.:,.::.:,:: .�:-"•�---•-... ·,,-..,":::::::::;::::=:;. 

One and ·. one-half hours Tr10 hours 
--·,;p'0"1";uv: · :�Jd!��, . ·· ·· ···,.-·•;•.:: · L�-��f'F;es

<f 42 .. · . 2.�. ! . • = ·� 00 20.00 4 ,J ,_ ;�2aQoo 22�5 ;j � ··-.. ;,, ·o·. o · · 20 oo 
62 ;: · • -i:...." ' ' - ,,,. 

J4;0Q ;20.00. . ,L .. ·R�S1p�Ni$Tl,JOENT� �' . 
Four .hours•.:: ;', '·· . . 

···.(56~00 
·-.~< 00' 

· · ,;·{r it•1{:'··2 ~- . .. 
······27.,}39 



TABLE I 

150 dee;rees F. 180 degrees F.

Time· Brisht. Time . Bright. 

1 hour 79.01/v 1 hour 75.5% 

l½ hours·· 82.5% 1.1.
2 hours 81.5% 

2 hours 81.5% 2 hours 78.0% 

2½ hours 82.0% 22,.
2 hours 79.5�i 

-3 hours 81.0% 3 hours 71.0% 

J-;- hours .. ____ 
3x hours -----

,., 2 

212 de�rees F • 

Time· 

l hour.:

J. ·. .. . 

1% hours·

2 hours·

2½ hours

3 hotu•s 

31;- hours ~. 

Bright. 

· 78.5;�

8 ·. 1 o.of;, •.

77.5% 

79 .5�s 

79.0% 

74.5% 

··., 



The variables in.cooking-were: 

Temperature 

Chemicals· used 

180 degrees F. 
212 degrees F. 

_Sodium hydroxide 
Sodium carbonate 

Chemical concentrations- 2j;% 
( % on a'.ir dry pulp) , .·. 51.,. ·

Eight deinkings vJere made;. the'y ,wre: __ 

1) A blank

2) ·2 .55; Sodium hydroxide ,at 180 degrees F. ·

3) 5% Sodium hyd;o�ide at 180 degrees F.
,,

4) 2 • .5>:s Sodium hydroxide plus 2 .5% Sodium

carbonate at 180 degrees F.

5) 5Jt Sodium hydroxide at 212 degre.es F.

6) 2.55g Sodium carbonate at 180 degrees F.

7) 5% Sodium carbonate at 180 degrees F.

8) 5% Sodium Carbonate at 212 degrees F.

Vlashing 

After de inking the stock 1iras ,.,,ashed in a 18 11 by 
' 

36 11 tank i.vasher vlith a 150 mesh screen in the bottom. 
. ' 

The water was added by the use of_a hose. The stock 

-..ms y;ashed for a neriod of three minutes. After 
. 

� 

washing the stock was allovred to drain and then· removed 

ready for use in the beater. 



Bea.ting 

Beater runs 11ere then ma.de on, the washed stock in 

a Valley laboratory beater. Hahdsheets yfere :made at 

various time intervals ( th.e exact intervals are .not 

important) on the Mable and Wood sheet mold. All.sheets 

were made· in accordance with TAPPI Standards specifica

tions. The sheets \·:ere then pressed in the Noble a.rid 

flood press and dried in the Noble and �,cod drier. 

Testing 

The sheets vrere conditioned in' the humidity room 

for at least·two days before testing. After condition-',: 

. ing the sheets rrere tested for basis .weight, Iirulleri., and; 

Tear. The tear tests ;1ere run· on the Elmen<;lorf Tear 

Tester a:nd the mullen tests were run on .the·Perkins Constant 

Load Mullen Tester. The results of these.' tests are 

shown in Table II, and comparisons are shovm in Figures 
. ·. :, ,' 

, ' , 

II, III, IV,•'V, VI. 

. , . ,



TABLE II 

The follm1ing are results obtained from the strength 

evaluation of the deinked stock. All values have been 

corrected to. the TAPP I stc.ndRrd sheet Yreisht of 2 .48 grams. 

1iumber I-a blank . 

Ifinutes 
beating 0 5 10 17 24 . 29 3L� 

Mullen 2.65 8.9 1.5.6 18.7 22.0 2.1.9 24.1 

Tear. 32.4 62.0 Lµ..o 35.6 30.8 27.3 .. 23.5

Number II-2 • .5% Sodium hydroxide at 180 degrees F.

T,Iinutes 
beating 0 5 10 15 22 27 34 

IJullen 6.3 12.0 17.0 . 18.2 19.6 20.0 -20.0

?ear 63.0 1.1.9.2 32.0 27.8 24.7 22.0 19.3 

Number III-.5� Sodium hydroxide at 180 degrees F.

1flinutes 
beating 0 5 10 17 23 

Hullen 7 .4 13.L� 18.8 20.4 20.4 

Tear . 61.0 ·· 48.o 35.o 29.0 25.3

Number IV-2.55& IfaOH plus 2.57& Na2co3 at 180 degrees F.

11Tinutes 
.5 Beating 0 10 

.. Mullen 8.4 16.3 19.5 

Tear 60�5. 1�1.3 32.�.·

17 23 

'?.1 •. 4 22.0 
... 

. •. 26.4 .· 
·,,,'·. 

. 23.7 
. .

. 
.. 

29 

.?1.8, 
. 

. 

.
. 

21.4. 

I 

,\ 



TABLE II 

Humber ·v-5%<Sodium hydro?,C�de at 

'Minutes 
Beating 

Mullen. 

Tear 

0 5 

15.Ji,

�-5-5 

17.J�,· .·

35.1

•23

19.0 ';:,17�5

25�8., : , 22 ;5

.. Number VI-2 • .5% Sodium c�rb9nate' at 180 ·degre�s 

Minute�\ 
beating 0 5 
Mullen. 7.5 14.2 

Tear L�9�2 45.5 

10 ·17.

17 •. 6 19�5· 

34.6 .·27_�9 

· 23·'.'
. 

. 
. 

20.1··· 

·21 4·
. . . 

lirumber VII-5% Sodium carbonate at. l�O·degr�es:F. 

·.Minutes
beating

VIullen 

Tear· 

Minutes 
Beating. 

Mullen 

·Tear

0 

7 .5 

5.8.3 

' 0 
,• 

. 1·�·75

.57�0 

5 

J.4.25 

]_�3.2 

5 
.13�95 

1�7�6 

.10< 17. 

':19.'6 

.,f .. , 

10. 

· 1.s.4;. :19·.15<\21�-o
-35�1\\t: ·is:��-)_L-�k3 .2·

', ' 

-;,~•/·:•:.-~. 
:;··?··(,,;::::\'..·'..f":_·t. 

··<:.':-:::.?'/: : . ,: ;·;/, 

eontjifj}i~ i~ t. •· 

.'Number 
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SIDvllfiARY. 

It is generally accepted that deinking·has'an effect. 

upon the strength of .fiber. The exact nature of .this 

effect. is not known, but ij; is lmown that any chelilical 

treatment can be suspected of weakening the.fibers. The 

. purpose of this experiments was to try to· determine what 

the effect is. 
/ . .  

Inlr, of course, is a combination of a pigment plus 

a binder to hold the ink to the paper. Instead of jump

ing right into the problem it v,as decided to run.pre�.· 

liminary tests to try to establish the minimum cooking 

conditions under which complete solution 'or: the .ink·. 
' . 

binder could be obtained. This vrould have been desirable 

since excess chemical, time, or too high temperatures 

would be expected to have more of a destructive·effect 

upon the strength of fiber. This also ·.,1ould pe�niit the· .· 

comparison of the effects of these various d1emicals, 

concentrations, and temperatures on a minimum. basis.·. 

To do this it ,·ras decided to take squar.es of. white cloth .. 

and print them vrith Everyday Bond Black. • These cloths 

were then deinked,in hopes that a.shaipend-pointwould 

b.e reached· •.. This end-point being dei�rmtned by visual

insp.ec tion. Unfortunately no, end-ioint vras· reached; ·1i�d· :,. ·
• -

',,!, 
' 

,,.•1 ', ,I 

no minimum conditions were r·ound, below which there was 



a sharp increase in the ink remaining on the cloth.· All 

the ink t7as not removed, in fact some of· the ink ·remained 

after the cloth had been almost disintegrated by the 

caustic. The reason for this was.that cooking alone with 

a deinking agent is inadequate. It must· be accompanied 

by inter-fiber friction. 

An attempt was made to measure the degree of ink 

removal from the cloth by filtering the liquor after 

deinking and measuring the brightness of the i'ilter paper. 

Brightness rrould be expected to-.indicate the amount of 
. . . 

ink pigment removed, but here·too, no sharp:end-:point 
' 

. .  ,. ,. : '• 

could be found to indicate what minimum cooking conditions 

are· necessary to loosen ink •. · 

As· an altei-:·no.tive procedure magazines ,were used in

- . ·. 

place of the _squares of cloth. The brightnesses obtained · · 
. . . . . 

. 

vrnre not sufficiently different from the brightness·,of 

the original slushed steel-: to be of valuer in determining 

the minimum cooking conditions desired. This also bears 

out our previous statement on the importance of inter-

fiber:friction. 

Subseque·nt tests have been limited to comritercial 

cooking conditions vlithout inquiring as to vrhether these 

actually are minimum conditions for accomplishing the 

desired results. In other words, the obtained data 

reflect commercial. results vri thout stating ·whether 

.•, ~ .. .. , 

--- ..... -- .. · 



cornn10rcial cooking 'is actually overcooking. The chemicals. 

used in these expe1"iments were Sodiun1 hydroxide, ·sodium 

carbonate, an·d a mixtur.e of. the two. The pulp used in 

these experiments was lOO;b bleached sulphite. 

. . 

_/lCter deinking the stock was washed and then beater 

runs were made on the pulp. The prepared handsheets v1ere 

tested for.basis weight, mullen, and tear. or course you 

can attain a high .tear with any pulp and with beating you, 

can attain a hie;h mullen with any pulp. The strength was 

determined by the method outlined in the experimental 

outline •. The physical strength results of the handsheets 

are shown in Table II. As can be seen from Table II and· 

FiguresII, III, IV, V,and VI, after the initial decrease 

in strength any increase in chemical concentration or 

temperature inci->eases the initial strength of the pulp 

due to an increase in solvation of" the Hemicellulose 

fraction. With added beating the effect of deinking 

overcomes the initial increase in strength and the strength· 

decreases at a rate in correlation with the amount of 

chemical or tempcratuI'e used. In the comparison of 5% 

·sodium hydroxide, 5% Sodium carbonate, and 2.5% of each,

TIB see that a mixture of the two has less destructive 

effect upon the fiber than the previous two. 



COUCLUSIOlTS 

These experiments have shown that d�inking .does have 
;,· 

a destructive effect upon the strength of fibers. This.· 

effect is in correlation to the temperature and amount of 

chemical used. Also shovm is the :fact that a mixture of 

Sodium hydroxide and Sodium carbonate has. less of a · 

destructive effect upon the fibers than either of these 

cc.emicals alone.
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