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INTROUJCTTO~ 

~i th -the ever lncrec;1.sing threat of .t~sufficient yiir~in 

pulp to supply the world market of the future. a renewed in

terest in <;!.~inked pulp as a supplement has begun. Al t,h,ough 

this solution seems to be ve~y practical and inexpen~ive 1 it 

is n9t without it's many problem9 , one of which being it's 

environmental 111lpact. This problem along wHh othf:rs can 

usually be solved in time as can be represent~d by the devel-:: 

opment of flotat!on deinking. This process and oth~rs like it 
'. ' •.', 

are increasingly reJ)lacing the old wa~hing method which ha~ a 

history of being a high energy and water user. Tpe method of 

flotation deinking is relatively new and S<? this field o.! ~~udy 

is wid~ open to ~e~earch and new ideas. 

The wrpose of this p~per is twofol~. The main irtent is 

to discove:r the qifferences, if any 1 in flotat:1.of-! d~inking of 

new9prtnt lofhit.::h has been printed by two different processes, 

letterpress v~r~us offset~ 'f!'1~ cqncurrent ~~udy is the evalu

ation of s9me cµr.rent market flotation chemicii.ls of wh.1,ch two of 

thel)I with th~ best resuHs will be use(i for th,e bl,eaching study 

of this experiment. 
•,' •'I¢ ' 

ffT~iTOR TC: f.,L nT30USS TON OF DE TNK TNG 

The rn,-1Jse of pr\nted was1;,e pape~ has a yf}ry early orig.in 

wah the f.'trs t rei;:orded att~mpt at the mlll of George Balthc1.sar 
~ . ' . " ' ' 

Tlly in Denmark in, 1695,J From this Point the development 9f 

deinking gre~ slowly until the middle of the 1800's, when the 

( 
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~ra uf machi ne manufac;~~rt::d pa pi~r made ~i:ls ~e paper availaqle 

in l arge quant i ties. 'l'l:ei de i nk s t o~k at this po~nt in ~ime 

cor1sisted. iriainly of <;hem i cal pul.p J?ap~r s wit,h lit~le c,ittemgt 

at the deinking of groundwood papers. neinki ng of groundwood 

soon became practical after the 19JO's in which considerable 

progress in groundwood bleaching o~curr~d. 1 A good example 

of the increase in groundwood deinki,ng ~s the production 

of newsprint by the Garden State PaJ)er Company. In Oc~c;,ber 

9f }q6 l th ls com~ny ~;tarted production qf newspr1. nt from. 

100% deinked waste ne~sprint and beca4se of its s~cce~s, 

it has exp~nded it's producti9n to almost 1100 tpct.ll,12~1J 

Until recently the process £or deinking has changed very 
•• 1 .- • 

little. The ma;i.n objective was to pulp t{P the wa~te paper 

us i n~ alkali to saponify the ink vehicle ~d the soaps thus 

~enerated wou .ld ~nul~ :lfy and disperse the ink. This stock was 

then washed several times to remove the iJ1k particl~s and con-, 

sequently a large amount of the fi~es 131ld. filler~ present. The 

high ~hrinkages thus involved plus the large volum~ of ~ater 

needed for washing pas led the paper industz:y to searcti for a 

more efficient deinldng process. One such process which h~s 

become popular today is deinking by flotation. 

Separation of contaminants by flotation has been pra~ti~ed 

by the min i ng indu~try for many ~ecades;. In riecent years, 

E~trqp~an count:r-i~1:? ~ave ~J:>plied th~ principle of flotation t? 
de i nking du~ to the higher cqst pf ene.rgy and lower: wat~r u~~e 

and effluent probl~ms. 11 With their continued progres~ and 

success with the flotation process plus the more s~ringent 
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pollution controls and higher energy GOS~s, this process has 

be~ome increasingly popular 111 tt)~ lJnit~d States. 

TNKS 

Eve~ since t~e art of printing began, so have the science 

of ink manufacture. The number of inks and ink compositons up 

to this date ranges into the thousands. Al;L inks though can 

be broken down into five general compo~ents. These are: pig

ments, binders or nonvolatile vehicle, solvent, drier, and 
, ,· • , l>. •• 

certain addlt~ves (waxes, surface-active agent~, eteetrcl) 

which can be grouped under the heading of "cqmpounds"~l 

Each ink thus contains a combination of these five components 
·; ' . ' - ' . , ... , 

acco~ing to the pc:1rticul~ use, type Qf pa~r to which it !fill 

be applied, \he type of printing process ~sed, e~~etra. 

Th~ two types 0£ inks which are currently used for the 

printing of newsprint a,re very similar. The ink. used for 

letterp:;r::es~ 9onsists of a mineral oil ~e (8o%), carbon bl,~c;k 
I • ' • • C ' 

pigment (9'"'15%), and a hydrocarbon pitch (2-,5%). 2 Ink used . . - ,.. . .., . . . . 

for offset printin,g of newsprint also qonsists of a mineral 

oil base (40,-,8o%), a carbon black pigment (10"."18%), hydrocarbon 

p~tch ( ~h 5~) , and a hydroc~bon · r~sin ( 10-:- Jo%) ~ ~ The main 

difference is the hydroc~rbon resin present in offset ink along 

with a lar~e portion of the miner~l oil base being replaced with 

a l~s~ viscose mineral seal oil. 

These inks do not r~ally dry but are ab$orbed int~ the 

paper thus l~~ving ~ film of c<:3-rbon black bonded to the fiber 

surf_'ace by the pitch and/or resin. Since both th~ pitch an~ 

resin vehicle cannot be sa~~ified by alkali, the carbon pigment 
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must be removed from the fibers by mechanica,l a,ttrition and 

emul~tfication. This pr~bl~m could bE! pa,rHcularly ~~hance~ 

for the off~et ink b~cause of it's resin content. 

RJLPING 

The. wa_.:;;te paper to be deinked must first be brok~n up into 

individual paper fibers and ink particles so that the two may 

be separated. The common practice employed for this is the 
', ~ ' 

pulpi~g 9f the paver at eleyated ~emperatures and a~ of 9-

10.5. 'fhe alkaline conditions used serves the p~rpo~e of swell~ 

ing the f'ibers and also saponifying certain ink vehicles and 

any rosin siz~ng which may be pr~sent. The pulping temper~tures 

usua~ly range f~om 160-212°F for pongro~ndwood pulps and 100-

1600F f9r groundwoo~ pul~s.l Low~r t~mperatures are used for 

pulping groundwood so as to allevi~t~ the darken~ng caused by 

high temperatures in the presen~e of alkali. 

Th~ c;1lk~li !'IQ~t conunon,l.y us~d i~ the pulper is so~ium 

hydroxide~ wi ~h o:i:;- without sodium sili<?at~. Sodium pero~_ide 

plus sodium silicate or hydrogen per9xide plus sodium hydroxide 

and sodium ~ilicc1.te are two other popular alkali combi~~tlops 

used when pulping groundwood~ In t~is ~;u;e the pe~9x~4~ acts 

as a bleaching agent to counteract the da,rke~ing of the lignin 
·• ' ,· '• 1 • 

in groundwood when pulped under a,lka!ine conditions. It also 

converts g~ue, c~ein, starch and cet;"taln oils lnto wa-\er 

soluble types, there9.y aiding in the di5pert:1ion <?f i9ks, coa,t;

in~s, l:ln~ sizing materia,lsJ The sodium sllicc1te use,d ~cts as 

a detergent {dispers~t), penetrant, PH bufrer, a~d a stabilizer 
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ln peroxide solutions.) .• . . •' ' . •. ' 

The pu~per is also ~here m9st ~ther ~el.nkin8 cpemi~als 

~re added. The~e chemicals might ;n.clµde deterg~nts to he!:P. 

disperse the ink and counteract any reabs<:>rbtion onto the fibers, 

solvents to help dissolve in~ vehicles, and foam.ing plus collec~-

ing agents fqr ~se in flot~tion deinking. 

After the pulping operation, which u1;:;ually ~as~s fro!ll 

thi,rty minutes to a~ hour, the pulp is dumped i~to a tank or 

soak pH. Here it will re111ain, u&ually at ~~ping temperatures, 

for thirty minutes to two and on~ half hours. :1? This Pr9c::ess 

is thought to be necessapy in order that ther~ is ample time 

for the fibers to swell a,nd tt1e chemicals to react in order 

that the ink qan be ~epa.rated e~sily.~ 

FLqTATION DEINK TNQ 

The cooked pulp is then pas~ed through sarid traps and 

coarse screening to remove largE? debris. A deflaker can be 

followed after screening or the pulp clln be d,i!uted and pumped 

directly to the f!otation cells. 

The flotation process for separation of ink from the pulp 

is based 9n the relative wettability of ea~h of the comI?Onerts 

4 surf~ces. · The surfaces may possess s9me n~tur~l non~~et~abil~ 

ity, but th~y usually must 9e treated with variou$ ffota~ion . . . 

reagents in order to produce the ~esired d~gree of wet.~ab_ili ty 

or non-wettabili ty. 4 

The flqtation mechanism involves the di~persion of fine 

air, QUbbl~s into ~he pulp. These bubbles must be very small 



and ~tabi.lizE!d by addition of a foal)ling c,r frothing agerit, 

This ct-i~miciil is an o-;-ganiq compou11d which c9ntai11s both a 

hydi;ophilic (~ater hciting) ¥td hydroph~bic (water lov!qg) 

group. The compounds usually used are fatty c1cid soaps such 

as sodium oleate or higher alcohols such as ~yl and t,erpineol 
, , , -· • ." • .' r -, . ,, 

alcohols. 4 These chemicals reduce the surface tension of water • • • . < :· • , " ·' ' ·• ,·. I . • ' • • ~-

thus allowing the ai.r bubbles to ;t"ise to th~ surface. and res~st 

wpture until the f~otp can ?e ~~~aped off.5 

As the s~abql~ed a~r bubbles are dispersed 1,nto the ad:

~itated pulp, they ma~e c9ntact ~ith \he particles. of ink ~ 

These ink particle~ must be ~ake non-wettable in o~de~ th~t 

tney will stick to the bubbles and float to the surface, This 

is aq:om;1>lis,h~d by the use of a collecting agent. This chemical 

can be cationic or anionic in nature depending on whether th~ 
. . . •. .: ' 

adsorbing ion is positively or negatively charged. E)c(!Ullples 

of cationic collectors are q~ante.rnary ammonium, pyridinium, 

quinoliniu~, and sulfonium 1=;alts.4 The common anioni'? collectors 

used are sulfhydrics and c~boxylics of which the ,la,st, consists 

of fatty acids or their soaps.4 

Since pap~r fi~rs have~ s l ight negative char,g~ and are 

easily wetted and ~arbon particles have a ~light po~it~ve char~e, 

an anionic collector is used. T~e anionic collectors ~enerally 

used are the fatty acids which will form inso~ubl~ ca}cium and 

magnesium soaps w}th hard water.4,14 'rhe soap's ~ydrophobic 

end then sticks to the c~bon particles thus leaving the 

hydrophilic end exposed outw~d. This causes the part,icles 
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to be vecy non-wettable and so the hydrophilic ends collect 

~t the bubbles air-water interface and are flo~t~d t;,9 the sur

f~ce. Th~ froth containing the in~ p~icles i~ then scraped 

off leaying the pulp relatively clean. 

There are many v~iables associated with flotation 

deinkiI).g other than paper st.ock, ink ty.pe and chemical;:; used. 

Some of these include: temperature of deinking, deinking 

time, water hardness, filler qµanti ty, and PH~ All of these 

have be~n Investigated ·by F.p.:. Raimondo who used a Voith type 

ffotation ce:U and based his oont::lusions 011 br1gh1;.ne~s me;u;

urement~ ~ 6 From his ex,perlments, he sl')owed how the 9rightness 

increased as deinking temperature and time was inc~eased. With 

water hard~~ss h~ found that after ~bout 75 ppm of CaCOJ the 

brightness incr~ase leveled off. It seems that a minimum am9unt 

of ions are needed to cause the actiQn of t~e collectors but an 

exc;ess, 9-qf;!~ ~o~ see~ to cause any problems.6 The p~ightness 

versus PH ~ho~ed a defi~ite favorabl~ range of 8 to 10 with 

a rapid brig~tness drop above or below this PH raryge~ As far 

as the effect or filler on the deinked brightness, he found . 

that the brightness increase was due to the higher brightness 
;- ., ' . 

* of the filler itself and not due to better de\nking, 

BLEACH1NC OF GRQIDfDWOOD 

Tn ~opt cases, the re;mlting brightne~~ of deinked ground

wood is not sufficient for the intended purpose. It ~s there"." 
,,, ' - . ' .. : ,, 

* A copy of Mr. Raimondo' s graphs is incl.uded in the appe.ndix. 
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fore necessary to bleach the pulp to the required brightn~ss. 

Since ~oundwood contains practically all of the original wood 
r • , • ~ • • • • 

substituents, the 9leach:ing process, must be diffe~ent from th~t 

of a chemical pulp. This difference results from the high 

lignin content pf groundwood which cannot Qe bleach~q out as 

with a chemical pulp due to the resulting high chemical cost 

and low 11eld. Tn thi~ case, the bleaching agent must destroy 

the colored lignln compounds wi t,hout ~ttacking and rel\lov:ing them .• 

This is accomplished by either ~~idizirtg or redu9in~ the color

ed phenolic hydroxy], and carponyl groups on the phepylpropane 

units of lignin.7 

The oxidizing ~ents currently used are sodium ~d hydro

gen peroxide. In deinking it is us':lally added to the pulper 

to help counteract the browning tendency of groundwood subject 

to hot alkaline conditions. Alon~ with p~roxide, a pH buffer 

and stabilizer i~ usually added which c9nsists of sodium sil-

icate and magnesium sulfa,te. The decomposition of peroxide 
. .-' ; . . . . , . 

by certain ~etal ions such as copper, iro~, manganese, an~ 

nickel must be e,9unteracted by use of a seql.lestering or che"'." 

lating agent.J, 8 The common chemicals used are polyphosphates 

o~ organjc chelating agents such as sodium EDTA.J 

The reducing agents fo.r bleaching whi~h are commonly used 

include sodiu!'I and zinc hydrosulfit.e~.8 These chemicals are 

usually used for a single stage ble~ch or as the second part 

. of 'i1- two ntage pf!roxide-hydrosulfit,e bleaching seque11cE:!. 

This two stage sequ~nce cannot be ~eversed to a hydro~ulfite-
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peroxicie sequ~n~e do to r~versiqn of .tqe !lY~osu],f; te bright ... 

ness by pero~ide.9 

The use of hydrosulfi t,e must also involv~ the ust: of a 

sequesteri1-'lg agent becau.se of the decomposi ti()n of hydro

sul,fi te cy metal ions suc:h as iron. 10 (moth~r problem of 

hydrosu],fite is it's dec9111position in the :Pf~sence of oxygen. 

Tn effect, the hydrosulfite combine~ with oxygen ii! th~ pre: 

~ence of water to form sodium bif;ulf.ite and bisulfite~ These 

products have ve? :tittle bleach\ ng power a~ci since the :rat~ 

9f ttiir; ;rec1ct,.on is far e;rea1:,er tl)an the rt3rte of the bleach

ing reaction., the exclu,sior) 9f air duri.ng bl~~ghine;, is 

\ mperative.J ·,. .,, 
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EXPERIMENTAL PROCEDURE 

Since the object of th:1.s thesis was the comparison of 

the deinkability of offset versus letterpress newsprint, two 

comparably printed samples were obtained. The samples chosen 

were, The Kalamazoo Gazette (letterpress), and the Western 

Herald (Offset). Both of these papers have approximately the 

same basis weight (Gazette-49.7 g/m2, Herald-49.5 g/m2), ink 

coverage, and unprinted brightness(Gazette-55.7, Herald-55.1). 

The deinking chemicals were supplied by Texo Chemical 

Corporation and Nalco Chemical Company. Of the two Texo 

chemicals that were used, the first, LP 758, is .:·. solvent 

based with a small amount of surfactant added. The second, 

LP 728 A, is a complete substitute for both a foaming and ; 

collecting agent. The two Nalco chemicals used, 7684 and 

7685, were both a blend of low foaming surfactants and dis-

persants. 

The collecting agent used with all of the above chemicals 

except LP 728 A, was technical grade oleic acid. The two 

concentrations of this chemical which were used are .5% and 

·.8%. based on oven dried fiber. 

A total of fourteen runs were made with offset and 

letterpress samples with the chemicals, concentrations, and 

conditions listed below. The flotation aid concentrations were 

suggested by the manufacturer with all other chemical concentra

tions developed from previously published literature. 

RJLPTNG* 

Pu lper Stock 125g. 



. * RJLPING-con' t. 

Flotation Aid 

7684 - .25% 

7685 - .4% 

LP 758 - .J8% 

LP 728 A - .85% 
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Collector 

Caustic 

(Oleic Acid) .5%, .8% 

(NaOH) .~ 

Sodium Silicate (42.2 Be) 5% 

Hydrogen Peroxide (JO%) 1% 

Pulping pH 10 

Pulping Water Hardness JOO . PFM (CaCOJ) 

Pulping Time 15 Minutes 

Pulping Consistency J.1% 

Soaking Time 45 Minutes 

Soaking Temperature 120° F 

Soaking Consistency J.1% 

FLOTATION 

Flotation Time 12 Minutes 

Flotation Temperature 100° F 

Flotation Consistency .65% 

Flotation pH 9 

BLEACHING 

Tetrasodium EDTA .5% 

* All concentrations are standard unless noted and are based 
on oven dried fiber 
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BLEACHING-con't. 

Sodium Hydrosulfite 1% 

Bleaching Time 60 Minutes 

Bleaching Temperature 120° F 

Bleaching Consistency 4% 

Bleaching pH 8 

. The moisture content of the offset and letterpress 

· were first determined so that 125g. samples, based on oven 

dried fiber, could be weighed out. These samples were then 

deinked using the same chemicals, concentrations, and conditions ~ 

so that a direct comparison of deinkability could be made. 

Before deinking, the samples were put into a 10 liter 

stainless steel container which contained 4 liters of tap 

water adjusted to a hardness of JOO PPM CaC03, and the pulp

ing chemicals mentioned above. They were then pulped for 15 

minutes with a special mjxer powered by a Waring blender motor. 

The motor, which was set at a low speed, was controlled by a 

rheostat. The rheostat setting for a11 runs was JO. Tempera

ture control during pulping and soaking was maintained by use 

of a rheostat controlled heating mantle which surrounded 

the stainless steel container. This type of a set up was used 

because it more closely resembles commercial pulping conditions. 

After pulping, the stock was allowed to soak for 45 

minutes to allow the chemicals to more fully break up and 

disperse the ink. At the end of this soaking period, a 10g 
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sample of stock was taken for use in making handsheets. 

The remaining stock was then added to a 15 liter Voith 

Morden flotation cell without washing. It was then diluted 

to .65% consistency with 100° F tap water which was adjusted 

to a water hardness of 300 PPM CaC03. The cells air valve 

was left in the wide open position and the recirculation 

valve was adjusted to give maximum recirculation without 

sucking in additional air. A flotation time of 12 minutes 

was used which is approximately equivalent to the retention 

time in a 10 cell commercial unit. 

After flotation, a l0g sample of stock was taken for 

producing handsheets and the remainder, which was approximately 

100g, was dewatered to 4% consistency by draining it through an 

80 .mesh sieve. The stock was then mixed with .5% tetrasodium 

EDTA to complex any heavy metal ions. It was then placed 

in a plastic bag along with 1% sodium hydrosulfite, after which 

the bag was sealed to prevent contact with air. The contents 

was agitated to evenly mix the hydrosulfite and placed in a 

hot water bath at 120° F for one hour. After bleaching, a 

sample was taken without washing, for producing handsheets. 

Handsheets were made at approximately 60g/m2 basis ~eight, 

on the Noble and Wood handsheet mold. A minimum amount of 

tap water was used to dilute the stock (Approximately 1% 

consistency) so that the washing of dispersed ink from the 

sheet would be at a minimum. Three handsheets were made 

from each sample which were tested for brightness and CIE 
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tristimulus. Fach handsheet was first folded into quarters 

with the wire si.de facing out and tested in four different 

areas. The twelve brightness values from each sample were 

then averaged and the procedure was repeated with the felt 

side out. 

DISCUSS ION OF RESULTS 

Comparison of the offset versus letterpress shows a 

general trend of higher brightness for offset after flotation 

and approximately the same brightness for each after bleach

ing. One exception to this was the low bleached brightness 

of letterpress using 7685 as compared to the offset. 

TABLE I } 

LEI'TERPRESS OFFSET . , 

· · FLOTATION AID AFTER AFTER ·AFTER AFTER 
FLOTATION BLEACHING FLOTATION BLEACHING 

7684 .5<fo Oleic Acid 51.3 ,54.o .52.9 .55.8 
:8% Oleic Acid · 51.7 ,54.4 52.6 ,54.4 

7685 .5% Oleic Acid 50.8 52.6 52.6 55.7 
.• 8% Oleic Acid 51.0 53.8 52.6 55.9 

LP ?58 .5<fo Oleic Acid 50.2 53.5 51.2 ,54.1 
.8% Oleic Acid 52.8 55.9 52.6 54.7 

LP ?28 A .No Oleic Acid 52.3 55.2 52.5 55.0 

It should be noted that all the runs with letterpress 

resulted in a .. much lower brightness of the wire side versus 

the felt side except after bleaching. The cause of this could 

be the low foaming tendency and consequently poor ink removal 

in the flotation cell for each letterpress run. The remain

ing ink which wasn't float~d out would then collect on the 
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wire side during handsheet formation. The lack of two

sidedness for the bleached handsheets could be caused from 

washing out the residual dispersed ink when the dilute cell 

stock was dewatered to 4% consistency for bleaching. 

To prove this, several runs with letterpress were con

ducted with the use of Triton X 100 which produced a stable 

foam in a sufficient quantity for deinking. The results 

showed a large reduction of the two-sidedness. 

The runs using offset samples did not show as great 

a tendency for two-sidedness as did the letterpress. This 

could be attributed to the larger quantity of stable foam 

which was generated in the flotation cell during all of the 

offset runs. The cause of the better foaming tendencies 

of .the offset is thought to be from sizing in the sheet, 

though the Hercules sizing test gave a negative result. 

Along with the brightness reasings, CIE Tristimulus 

readings were taken to determine the color region of the 

sheets. It was found that the dominant color wavelength for 

all sheets ranged between .575 and .580. 

Because of the yellowing effect of the caustic, a 

sample of letterpress and offset were deinked using LP 758, 

.8% oleic acid and all the other standard pulping chemicals 

except sodium hydroxide~ :_ The results showed a slightly 

lower brightness of the handsheets as compared to the same 

runs with caustic but a large decrease in the yellowing 

effect. 
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In composing the effectiveness of .the different deinking 

chemicals, it can be seen that each chemical except NALCO 7685 

results in approximately the same deinked and bleached 

.brightness (plus or minus a brightness paint)(See TABLE I). 

The 7685 gave comparable results for the offset rut poor 

results for the letterpress(Brightness; 55.7, 55.9 Herald, 

52.6. 53.8 - Gazette). 

Increasing the concentration of oleic acid resulted 

in very little brightness increase with all the chemicals 

except LP 758 (See TABLE I). 

Upon examination of the offset and letterpress handsheets 

of the same brightness, ·it can be seen that the offset sheets 

contain many dark fibers where as the letterpress does not. 

This is probably caused by the offset ink which contains 

more resin and so binds the ink more tightly to the fibers. 

Finally it .should be noted that the brightness of the 

offset is much higher than the letterpress after pulping 

each up without any chemicals. This shows that although 

the offset and letterpress papers have approximately the same 

ink coverage, the thickness of ink must be larger for the 

letterpress. 

Offset 

Letterpress 

BRIGHTNESS AFTER FULPING 

No Chemicals 
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CONCIDSIONS 

The deinkability of offset versus letterpress printed 

newsprint did not show any appreciable difference. Both 

papers can be deinked to the same brightness without difficulty 

and without different chemicals for each. 

However, to the naked eye, the deinked letterpress looks 

cleaner than the offset sheets which are of the same brightness. 

This is due to ink covered fibers which are still left in the 

offset sheet. 

The solvent based chemical versus the surfactant chemicals 

that were used did not make a difference in deinkability. 

Also the increased concentration of oleic acid did not 

result in any appreciable difference in deinked brightness. 

The exception to this was the LP 728 which resulted in higher 

brightness at the higher oleic acid concentration. 
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RWOMMENDATTONS FOR FURTHER WORK 

1. Deinking with other collecting agents and concentrations. 

2. Altering pulping conditions or chemicals to reduce 

amount of ink covered fibers in the deinked offset. 
' 3. Optimizing bleaching conditions to improve the final 

brightness of the deinked newsprint. 
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BRIGHTNESS VAllJES AVERAGE OF FELT AND WIRE 

Nalco 7684 LETTERPRESS OFFSET LETTERPRESS OFFSET 
.5 % ·oleic. Add 

After WIRE _50.? .~51.9 51.0 52 • .3 PulEing FELT 51.7 52.7 
After WIRE 50.7 52.9 51..3 52.9 Flotation FELT 51.2 52.8 
After WIRE 53.7 55.7 .54.0 55.8 · Bleaching FELT 54.J 55.9 

Nalco 768/.i, 
.8 % Oleic Acid 

After WIRE 50.2 51.7 51.J 51.8 PulpinB: FELT 52.4 51.9 
After WIRE 50.9 . 52.8 51.7 52.6 Flotati on FELT 52.4 52.J 
After WIRE _54.2 91-.6 .54.4 _54.4 Bleaching FELT 54.6 ,54.1 

Nalco 7685 
,.5 % Oleic Acid 

After WIRE 49,J .51.7 50,.3 52.2 Pulping FELT 51.2 52.7 
After WIRE 50.1 52.5 50.8 52.6 Flotation FELT 51.5 52.6 
After WIRE .51.7 55,7 52.6 55,7 Bleaching FELT 53.4 55.7 

Nalco 7685 
,8 % Oleic Acid 

After ·, · WIRE 48,9 50.2 49,9 .50.7 Pulping FELT 50.8 51.1 
After WIRE 49.9 52.4 51.0 52.6 Flotation FELT 52,0 52,8 
After WIRE 53,5 55.9 53,8 55.9 Bleaching FELT .54.0 25,8 

TEXO LP 728 A 
No Oleic Acid WIRE 51.4 51.2 
After PulEing FELT 52,9 21.6 52.2 51.4 
After WIRE 51.8 52.7 

Flotation FELT ,22,8 !22,J 52,J 52.5 
After WIRE .5.5.0 55.2 

Bleaching FELT 5,!2,3 .54,8 55,2 55,0 
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BRIGHTNESS VAWES-con't. AVERAGE OF FELT AND WIRE 

TEXO LP 7.58 LETTERPRESS OFFSET LETTERPRESS OFFSET 
.'!;% · Oleic Acid 

After WIRE .50.3 49.4 .51.1 49.8 PulEing FELT 21.2 50.2 
After WIRE 49.3 51.0 50.2 .5~.2 Flotation FELT 51.1 ,21.4 -== ·~· • =- .. . ·-
After WIRE .53,1 54.0 .53 • .5 54.1 Bleaching: FELT 53.8 54.1 

TEXO LP 7.58 
.8% Oleic Acid 

After WIRE 50.5 .50.2 51.4 50.7 Pul:eing FELT .52.3 21.1 
After WIRE .52.3 .52.3 .52.8 .52.6 Flotation FELT .53.3 ·22.8 
After WIRE .5.5.8 54.7 .55.9 54.7 Bleaching: FELT 22•2 54.6 

AVERAGE OF FELT AND WIRE 
(TRITON X 100) (TRITON X 100) 

Nalco 7684 LETTERPRESS LETTERPRESS LETTERPRESS LETTERPRESS · 
.8% Oleic Acid 

After WIRE 49.4 50.2 .50.1 51.3 Pul:eing FELT 50.z 22.4 
After WIRE .52.1 .50.9 .52.3 .51.7 Flotation FELT .52.l} 52.4 

TEXo'· LP 758 
.8% Oleic Acid 

After WIRE 49.0 50.5 49.7 51.4 Pul]2ing FELT 20.4 52.~ 
After WIRE .52.1 .52.3 52 • .5 .52.8 Flotation FELT 52.8 .53.2 

' ' 
'TEXO LP 758 

,8% Oleic Acid 
No NaOH 

After WIRE 49.5 .50 • .5 49 • .5 .51.4 Pul;Eing FELT 42-5 22-3 
After WIRE .51.5 52.3 .51.6 52.8 Flotation FELT ,21.6 22-J 
After WIRE 55.9 5.5.8 55.6 .5.5. 9 Bleaching FELT 2.2-J 55.2 
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BRIGHTNESS VAUJ ES-con' t. AVERAGE OF FELT AND WIRE 

TEXO LP 758 (No NaOH) (No NaOH) 
.8% Oleic Acid OFFSET OFFSET OFFSE.'T OFFSET 

After WIRE 48.4 50.2 48.5 50.7 Pul;eing FELT 48.6 51.1 
After WIRE 50.5 52.3 50.4 52.6 Flotation FELT 20.2 52.8 
After WIRE 53.5 .54. 7 53.6 .54. 7 Bleaching FELT 5J.6 54.6 

UNPRINTED 
No Chemicals LETTERPRESS OFFSEI' 

After WIRE 55.7 55.1 
Pul in 

PRINTED AVERAGE OF FELT AND WIRE 
No Chemicals LEI'TERPRESS OFFSEI' LETTERPRESS OFFSET 

After WIRE 40.5 45.7 40.9 45.8 Pulping FELT 41.3 45.9 

UNPRINTED 
BLANKS 

After WIRE 55.0 54.7 54.9 54.5 PulEing FELT 54.z 54.3 
After WIRE .58.7 58.3 58.4 58.l Bleach in~ FELT 58.0 57.9 
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