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ABSTRACT

Printing inks differ in their compogition and in their?
ability to be removed from paper in the deinking process.” It
was the purpose of this research work to make a comparison of
this deinkability, for common printing inks.

In this experimentation, five inks were comparedf These
were a linseed oil base ink, a mineral oil base ink, a moisﬁure
set ink, a alkyd base ink, and a rubber base igk, Deinking was
done using a standard deinking formula and varying only the
concentration of the deinking agent.

The results show a marked difference in‘cbncentrations of
deinking agent necessary for deinking different inks. ébmé‘éf
the inks deinked at low concentrations of deinking agent, while
others required higher concentrations. The rubber base ink

could not be deinked with the method used in this experimentation.
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LITERATURE SURVEY
INTRODUCTION

Waste paper is an important raw material for the paper industry.
In areas which do not have a ready supply of virgin pulp but which
are nearAiapge.population cenferé, the utilization of waste paper
as a substitute for virgin pulp presents many adtantages. Among
these arej

) ﬁower cost of waste paper over virgin.pulp.

2. A decrease in bulk, desirable in book, magazine and writing

papers.

3. 'An increase in opacity.

L, Better formation because of the relatively low freeness

produced, resulting in a well-closed, dense, fairly
énappy sheet.

5. Higher retention of siée and filler.

6. Lower cost of the deinking installation as compared to

a pulp mill.

Some disadvantages include: (1) poorer control of the quality
of the resulting paper than with virgin pulp due to the many varia-
tions in the wastepaper used, (2) an increased difficulty in obtaining
suitable waste paper. because of.the increased use of synthetic fibers
and of nonfibrous materials in coatings and adhesives which presen£
difficulties in the deinking procesé and (3) stream pdlution caused
by deinking mill effluents which often results in the mill building

expensive treating plants.
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A large part of waste paper has been printed necessitating an
operation to loosen and separate the printing ink from the wood fibers
in the paper. This process is called deinking. It consists of ‘defi-
bering the waste pépér by mechanical action with water, heat and
suitable chemicais, usually alkali to,looéen the ink from the paper
by sapdnifying, dissolving and emulsifying the ;nk vehicle. The
pigment set free is removed by washing. Although theoretically the
deinking reaction is quite simple, the process is cqmplibated by the
grades of wastepaper used, the type of printing ink involved and thé;

end use of the recovered pulp.

PRINTING INKS

A high per cent of waste paper-. has been printed by a great
variety of prlntlng inks of every name, brand, and description.
FortunateLy, ‘these many different 1nks can, be boiled down to several
basic formulae or ﬁypes of ink, at least from a deinking point of
view., The purpose 6f this thesis was to make a comparison of these

inks for théir relative ability to be deinked (deinkability).

THE INK FORMULA

Basically a pripting ink cons;sts of a pigment suspended in a
vehicle, Thefpigment is a finely‘divided material which gives body
and color to.the ink. Carbon black is usually used in black inks
while colored organic coal tar derivatives or inorganic colors such
as natural earths or precipitated pigments are used in colored inks.
The pigment is resistant to the action of deinking alkali. The

vehicle usually consists of a vegetable or mineral oil in combina-
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tion with dryers, thitmers, resins andJspeéiﬁ %Smpoﬁﬂdé;" Linseed
oil (a vegetable o0il) makes up aboﬁtA75‘per,ce;t‘qf,all oils used

in printing inks.

DRYING

The comp051t10n of the ¥ehicle depends on the type of 1nk
desired and how it is to be used. The main concern is the type of
drying which will take place. The types of dnying uaually encountered
in'prihfing iﬂks are:l,
1. Oxidation of the oil vehicle by air
2. Polymerization
3. Precipitation of solids from a solution
L. Evaporation of a solvent -

5. Penetration and absorption

6. Solidification

CLASSIFICATION OF INKS

From a deinking standpoint there arégthree general classifica-
tions of inks:

1. Those with an alkali—éaponifiable vehicle

2. Those with an alkali-nonsaponifiable vehicle,ffn

3. Special inks very re51stant to delnklng, made f%om syn—

thetic resins and organlc solvents. R 1“§fﬁ’

Inks with alkall—saponlflable vehicles are those iﬁks which dry
by ‘partial.oxidation, polymerizatian and condensatlon. Most Qége-
table 911 base inks fall'lntO'thlS class. These 1nks ére readlly :?;
saponified by alkali. Mlneral 011 base 1nks make up most~of the

et

second classification. . Thes% inks dry by absorption of the vehiclé

'\dl

into the paper. However, completely ox1d1zed 011 base . xnks are al$o
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alkali-nonsaponifiable and fall into this group. This up and
the third group of speciél inks are not completely sabonified by

alkali and need to be deinked by special methods.

SPECIAL INKS

Certain special inks are: (1) heat-set inks consisting of
a solid in a volatile solvent which is driven off by the applica-
tion of high temperatures leaving a hard film, (2) cold-Sét inks
consisting of a thermoplastic resin which'is made liquid by heating
and which solidifies immediately on contacting the comparatively
cold paper, (3) aniline base inks made from aniline dyes with
aléohol as a solvent and shellac of tannic ‘acid aé a Bindéf (adhesive)
aﬁd, (4) moisture set‘inks whidh'have a resinous binder dissolved
in glycol solution; tﬁe;;inder‘being precipitated on the sheet by

excess moisture.

N HISTORY OF DEINKING

Delnking was flrst known to be carried out by Mattias Koops
in England in 1800 using a solutlon of pearl ash (pota331um carbon-
ate) as a solvent of th; ink vehicle and as a detergent2 Although
considerable paper was made and sold the company went bankrupt in
3 ngrs. In the Unltedistates«the'flrst delnklng process was used
by Henry E; Rogers in iéh9? ‘ \

EARLY METHODS OF DEINKING

Some of the ear}yer methods of deinking, some of which are still
in operation were:
1. Cooking in Covered HoIiander Beaters.

s

Iﬁ{this process an insulated iron tub beater with a capacity from



the weight of the paper treaﬁed, was aaded ﬁith enqﬁgh”watervte give

a stock consisténcy of 6 per cent. After heating witﬁ’eteam to a

temperature of 15042105E, the stock was circulated and fiberized by

the beater roll for 1% hgﬁrs‘with the steam onggﬁAfter~£ﬁe to three

hours, the batch was discharged into a storaéeﬂiank for éﬁ?hing.

Operating cests for thié;é;%tem,were high because of the small batches.
2. Open Tank Cookers.

This process included several cylindrical stéeiitanks ab&%t 10 feet

in diameter and 10 feet high. Each had a perforated steel bottom

with an 8-inch diameter pipe rivted to it'verticallygglﬁy this means

the load could be lifted out. The steam which was turned on below

the false bottom forced the alkaline liquor ﬁb§§?feugh iﬁé central

pipe against a baffle, resulting in liquor‘being sprajgg‘over the

paper stock. Circulation could be improved w}pp’a;centrifugal'pump.

i

-~

A consistency of 5 to 6vbef cent geveabesf resﬁlts.inAfﬁef several
hours of cooking the load was transferred to another, and the same
process repeaéed. The liéuid drained off, was strengthened and
returned to the system., A cook reguired from é to 15 hours. Con-
sumption of soda ash was 6.7 per cent.

3. Rotary Pressure Cookers.
This cooker was a horizontal cylinder ahout 8 feet in diameter by
24 feet long, handling 5 to 7 tons of paper. Steam was injected as
the cooker rotated from three to six;hours. Percentage ofialkali
varied from:B‘to 10 per cent. Globe rotary boilers were also used

in the same capacity. This system was fegardedsas a definite



improvement ove?.the two previously mentiohed but has become largelj
obsolete.

L, Winestock Process.
In 1910 the‘ﬁinestéck Process was,patented. In this process the
deinking was largely mechanical.’ Defibering action was caused by
thrashing propellors in a cylindrlcal tank of special arrangements.
This machine also maintained perfect circulation until all the
stock was defibered. A cook of about 900 1h. of paper, took about

one hour at 160 to 180F and 5 per cent soda ash.

MODERN . METHODS
Moderc methods of deinklng are carried out in the following
steps. ; '.iv;' i e
1. Sorting to remove objectionable baﬁer and trash
2. Pulplng and Cooking to loosen ink and set free the
pigment
3. Washing eﬁt'the loosened ink pigment
Riffling and Screening r@?
5. Bleaching ‘ ird
6. Rewashing for removal of chemical residues
7. Thickening forﬂuse or storage
There are to standaid conditions:iof'e;cking and disintegration
(deinking) and practices differ widely iﬁ different mills. However,
in priﬁciple, they afe all alike in thetbthefﬁasteeaper ﬁust be |
mechanically defiberized in water. Chemicals are added at some
point in the process and heat generally is needed to hasten the

deinking action.
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gei;oral there aréé.thr'ee different Siethods' 53 (1) low den

gration followed by cooking in'a separats oooker, (2) dialh-
tegratlon in a beater or pulper followed by’000k1ng in the same
pulper and (3) cooklng in a cooker without prior dlsintegratlon.
Elther low (4 to 10 per cent) den81ty or high (20 to 35 per cent) {
density dlSlntegratlonzls used in the last two methods.

In the first methods, the stock is broken up in a breaker beéﬂer
or”pulper at a’ consistency of four to nine per oent. After pulplng,
the stock 1s cooked in a stationary clrculatlng type cooker or a :
rotary cooker at 160 to 210 F from 1 to § hours. Experlmentation
‘has- shown that the initial d1s1ntegration causes 77 per cent of the o
;b?total deinking and defibering, and the following cook produces 21
 per cent.4 The above method is used by most mills.

The second consists of pulping and cooking the stock in the

same pulper which may be a larger beater, -hydropulper or a tank and
pumping system. Pulping may be either low'Or high'density with '
variations from.7 to 25 per cent. High consistency pulping speeds
up defibering, reduces the amounts of chemicalo needed, and produces
a pulp of higher freeness than low consistencyvpulping. Cookiﬁg
time is from 2.to 5 hours at a temperature range of 140 to 180 F.

In the third method, cooking and defibering'are done simul-
taneously in globe rotary boilers at either high or low density.

The dry paﬁer along with the chemicals and hot w&tér; is fed directly
into the boiler. Cooking temﬁoratures range from 170 to 200 F and

the. cooking time varies from 3 to 8 hours.



DEINKING ACTION

According to James Strachen;’ the following;action takes place
in the deinkiﬁglp?ocess:
1. Nentéalizatibn of alum in the papef féllowed-by rapid
percolatlon’bf the cellulose by the alkaline llquor.
;i Be Saponlficatlon of the natural resins and 31z1ng in:
'aqdﬁarpynd the cellulose fibers and to a limited
éxtent;;phe dried oily ink vehicle, followed bj a
' l&osghing of{the adherent films of the latter.
3,¢~eompié£§ %bbaoﬁing of dried ink by the friction
*.'of the fibers against each otheg.
Alkalies aré used“in deinking, for two reasons: (1) to;fégb#e~
" rosin- 31zing from thé*paper and (2) to saponify the ink vehicle and
release the ink’ plgment. For drying inks; vegetable oil-base inks
which are ohly slightly oxidized, saponification takes place read-
ily with alkali. However, nondrying mineral oil-base inks,’
completely oxidized oil base inks aﬁd'iﬁés havinéﬁé1éynthetié‘resih
base cannot be cémpletely saponified by alkali. Special methods
-are used to deink papers containing these inks.
jBne wrzter claims that ox1datlon and reductlon play an 1mpor-
" tant: part in deinking, especlally in breaking down resistant inks.
‘He Says that ink is an oxidized m&terial and the alkallne cooklng

liquor acts as a reducing agent. The more highly-ox;dlzed an ink

As a resulf; one reducing catalyst



and alkali maxture cau81ng rapid d181ntegration."l

The alkalies used in deinking do not have the ability to
.sufficiently emulsify the ink- particles._ Therefore, a detergent
such as soap is used to wet and emnlslfy the partlcles of 1nk
pigment. .The detergent sets up a- repelling action betWeen the
fibers and the particles o) that they are eas1ly removed by
washing. i : ; '

Afterithe.pigment has been releaSed, dispersing'agents L
sometimes used to prevent agglomeration‘of the piément particlesh
» and absorptiVe agents to prevent the pigment belng dep051ted back 5
. on the surface of the nquwahsorptive f}ber. r‘ | fwiﬂ | ‘

U
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The two alkalies most generally used are sodium‘earbonate and

sy

sodium hydrox1de. At present more sodium caﬁbbnate 1s used but

: the tendency is toward sbdium hydroxlde because of the need for

-’)p'V

stronger treatment for modern- prantxng 1nks. lﬁaustic soda alone,

& e,

gives harsher treatment and faster action resultlng iﬂ greater

fiber loss and degradation and a Xellow1sh colored pulp., Compara-'

s

tively soda ash has a slex rate df actlon but resultsﬂin less ox1da-

&, .,.

tion of the pulp, g1v1ngulsss fiben loss and a whiter'pulp. U51ng _f

the two together seems to be the best deinklng formula glvtng a
satisfactory rate of cook with minimum fiber loss. About three: o
eight. per cent of sodium carbonate or 2 to h per cent of sodium '

hydroxade is sufficient for most papers. Used together, 2% per centi#

e

sodium carbonate and % per cent sodlum hydrexide works very well.g

B T
!

,-‘.’:}"g,.

I W i R B o
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Other alkalis include sodium silicate, sodium phosphate and
sodium peroxide. Silicate has a~higher degree of eurface¥activity
than elther sodlum.hydroxlde or:sodium carbonate and produces a
whiter, brlghter pulp than either. Peroxides especially in com-
bination w1th sillcate are very ‘effective and result in better
fiber separatidn:ahd often higher brightness than with the alkali
alone.> Perexidee_are alsq;of censiderable interest for deinking
groundwood.

Wetting agents and detergents iﬁclude:é (1) oleic acid,

(2) Gardinol, (3) Du W.bA. and E ) silic

of soda, (5) Dupont MP-202 detg¢rgent and emulsifying agent (6) Ter-

gltel énd. (7). D-1 Lestoily In'deinking, ordinary rosin “giged paper, -

the reactlon of the- alke&i w1th the size forms r051n soap which
acts as a'aetergent.- Witﬁ un51zeq papers, no soap is formed and

special detergeﬁts mey bennecessary. Soaps and detergents are

éspecially helpful for pepers which are hard to deink.

In the progress of delnklng, certaln problems. be51des those
of'ink removar' 1ave developed cau31ng a great deal ‘of trouble to
deinking mllls. Although the wahte paper has been sorted and graded
_by the waste paper dealer and usualLy resorted at the mill, many
times objectionable materiale fiﬁd @heir way into the disintegrators
and cookers. The effect of a small ameugt of thie materiel”ls often
disastrous, resnlting‘in the rginﬁof tons of pulp.

Calcium earbonateffilled pééers are troublesome. This filler

hes an qfflnity fbr ink and cauées difficulty by forming 1nsoluble



cbmpoundsfkith4the ink. We£ ;treﬁééh baﬁeré haqé'a high resistance
to fiber separation. Spgciai methods, including high temperature
and low pH,’are negéssar§"for deinking such papers. - Glassine,
parchment, waxedf re51n—1mpragnated, and resin-coated papers cannot
be deflbered by ordinary dslnking methods. The spray of flour and: .
water or wax, used, by pmlnters to preVent offset lacqners and.’
varnlshea for hlgh'gloes,cand coatlngs using 1nsolubllized casein
as a bihder,;also?gresent difficulties in deinking.

Groundwgéd i; another deleteriouéJﬁéteiial. Machine coated
papers céntain up”ﬁo 30 per cght’groundwood. Such papers are diffi-
cult to”de{hk;andﬁéurn Eéown dyring deinking,
coloredFSpecks ih the fiual pulp.‘ Now, However, groundwood can

deinked ‘feasibly by using soditm’ perox1de.



In my experimentation, samples of an uncoated paper were printed
with each of the different inks to be tested. Then each sample was
deinked with a standard deinking formula, varying only the -alkali
concentration.

Five different'inks were obtained at the Kelly Ink Company The
inks selected were those which were con51dered to be representative
of the main or ba31c tjpeswef?printing ink used. The inks wers: (1) e
rubber hase ink; (2) book blaek, a linseed oil base ink; (3) news 1nk
a mineral oil base ink, (h) steam set blue, ‘a moisture set ink and
(5) non-scratch half tone, an alkyd base ink.

The paper: which was selected was 50 1bs Custom offset, an uncoated
paper. It‘was dec1ded to yse an uncoated paper..so as to work with the
basic fiber:to ink bgnding instead-of becoming involved with the deink-
ing of coated egjsise& papers which‘pfesents new aspects to the problem
of»&einging. iﬁis paper was used é§fihe standafd througpgut‘expg;imen_

Before any,deiniing could be_done, it was first necessary to
 apply the ink on the paper in some manner. Preliminary experimeﬁtation
was carried‘out using different methods of applying‘the'ink‘to the paper.

Fi;stAa Meyer qraw fed was tried. This;possibilitj was’quickly
ruled’ oui.‘ Eveﬁ with £he highest ﬁsmbered'rodl7the ihk layer applied
was mneh too thick and hard to- control being dependent to some extent
on the pressure applied by the person draw1ng the rod. '

Another method which was tried was that of 1nk1ng a smooth plate

with a rubber hand roller, and then pres51ng the sheet against thei**




plate with- a similar roller. It was found that the amount of.ink
couldn't be controlled nor - dld the sheet make good contact with the
plate unless a. th;ck layer of ;nk was used. o

A Vandercoék proof press was another posslblllty. At’fifst this
was thought to be satlsfactony. The amount of ink put on the rollers
- could be measured with an inkometer, However, after Sé#eral prelimin-~
. ary cooks with different inks, there‘was found to be very little dif-
ference in their deinkability. The conclusion was reached that it
isn't the lightly:printed papers wh;Ch cause,trguble in deinking but'
the heavy.blacks and soiid printed papers.. Prinﬁing a heaviéf éoatihgl

4
of’ink could not be done very effectively with the Véndercooﬁjéh this
paper becﬁﬁée the papef was uncoated and had a rough surface.

The method decided on was that of using a laboratory knife:coater .
tO'apply ﬁhé ink. Thls coater put on a satlsfactory coatlng of'lnk
whlch could be controlled falrLy accurately.v # |
Al%llnged paper was.dried by the atmosphere. Since un@gr actug;%
~conditions waste paper:contains from % to 1 per cent ink, thélgrinteﬂkvy
paper containing 30 per cent ink, was mixéd with blank paper giving a
final mixture of 1 per cent ink. This mixﬁuré Qas-then'déiﬁﬁed.

'Deinking was doné in 1 liter, stainless steel beakers ;éigg an
Atlas drill press with a 2 inch agitator, at 2133 1/3 r.p.m. for
agitatioﬁ. The action obtained with such a set-uyp is very similar
to that of a hydrapulper. . Two gram samplés were taken at half hour
intervals and made into handsheets on the British Sheet NMold, After
drying, the handshéets were inspected visually and tesiéd for bright-

ness on the Photovolt brightness tester.
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Book black ink, a linseed oil base ink, wés usedkas_a baéis 6f
comparisoh. The reason for this, was that this ink repfésents the
most common class of inks and presents no prbblem in .deinking. With
this ink, a standard deinking formula was determined. The formula
was 5 per cent sodium hydroxide; 1 per cent detergent (D-1 Lesto£15§
5 per cent Bentonite (a clay used for absorbing the freed pigmént)
based on the weight of air df& papers 5 per cent consistency and a
temperature of 185 F. ‘

With this formula it was possible to deink book black effectively
in one half hour. The other inks were deinked @sing the same formula,
changing only the concentraﬁion of the sodium hydroxide untillsatis-

factory deinking occurred.

AN
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The hand;heets made ffdh tﬁe deigkeg~stoqk_weré iestea:for,bright-
ness with the Photovolt brightness £e§ter. The sheets were also
visually inspected for undispersed ink.particles.

Of the five inks tested, book black, a linseed oil bage ink,
was>thebeasiest to deink. With this ink it was possible to deink the
printed paper with 5 per cent sodium hydroxide in one-half hour giving
a brightﬁéss of 63 in comparison to the original brightnéSS’of'7O for
the standard paper. In tﬂis timé, all ink particles visibie to the
naked eye were broken up énd\dispersedg

Sieamset'blue; a moistureléét ink, was also relatively gimple to
deink. A1l ink partieles were brokeh uppﬁnd disnerééd in’one;half
hour with 5 per cent sodium hydfoxide. eHowever, ths resulting handsheets
had a brightness of only 55. Increasing deinking tlme to lé hours
resulted in a brlghtness increase to 57 5

The alkyd base ink gave more trouble in delnklng than the previous
two inks. At a 5 per cent concentration 6£ godium hydrdxide, this ink
was not broken up effectively. The h&hdsheets we;e spotte&QHith un-
broken iﬁk ﬁarticles. Increasiné the coggeﬁtration of sodiﬁ%ﬁhydroxide
to 7 per cent broke up and diépefged the“inkﬁpgrticlgs;and‘gé;é a
bfightness of 57 in one-half hour.

The news ink, a mineral oil base ink, was not completely broken
up at 8 per‘cent in one-half hour. At this point a few spots of un-
broken ink particles remained. In one hour deinking was almost com~
plete and the brightness of the handsheet was 54. gfter 1§*hoﬁ;s of

deinking the brightness reached 58.°
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The : rubber base’ ink was the most troublesome of all the inks tested. i ¥
3 ;14-'

:r‘

This ink could not be delnked by the methods used. Balls of ink as
large as 2 mm. in dlametef”formed at a 5 per cent sodium hydroxide
concentratlon.f Increa51ng the sodlum hydroxide concentratlon had™ some
effect on the ink balls in that ‘this - decreased thelr size to some extent.

However, .a concentration df 12 per cent sodlum hydroxide failed to

PR A

break up or reduce the 1nk balls completely.‘ H&ndsheegs made with the R

resulting stock were?#efyeconspicnéusly gpotiy.



SUMMARY AND CONCLUSIONS:

This experiméntation has served to confim dpinions that printing
inks differ in their resistance to deinking. Some deink quickly and
easily and at low concentration of ‘sodiun hydroxide while others are
difficult if not impqssible t& deihk. ‘?he resulté of this experimenQ
fation seems to givéfan indication of%the relati%giaeinkability or‘
ease of deinking, §£ tﬁe five classeg of inks tested.

Book black representing that class of inks with linseed oil as
a vehicle, is comparatively easy to deink and presents no difficulty
in deinking. Steamset blue representing the moisture set inks, was
also easy to deink although it was not po%sible to reach such a high
degree of brighthess as with book black.’ifkese two inks deinked at
5 per cent sodium hydroxide in one-half hour. The alkyd base ink

representing that class of inks with alkyd fésins as an ink .ehicle

gave a little more trogble in . deinking ol t 7 per
cent, in one-half hodf, The news ink peéprésenting that class of ink
with mineral oil vehicles, deinked at 8 pér'centlsodium hydroxide in
1% hours. The rubber base ink repre;enting that class of inks with

a rubber latex vehicle gave ‘the most troublg of nks tested.
At a concentration of 12 per cent sodium hjdroxide(deinking was still

far from complete.
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