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ABSTRACT

The objective of this thesis is to study a laboratory horizontaif e
screw press washer as an effective, yet economiqai, ﬁeansféf.deinkipg
offset newsprint wastes at high consistencies. The theoretical advantages
of utilizing a high consistency deinking process include minimai water:
consumption, reduced and more. concentrated filtraté volumes, low effluent
solids and fiber loss, and minimal space requirements.  The disadvanfagés
include a relatively high unit power consumption, h_:'L_:gh capital cost,
sometimes an inefficient amount of fillers and fines removed, and ink
particles may get trapped at consistencies greater than 18%. Results
proved many of these theoretical advantages and disadvantagés. Also,
the screw press did prove to be an effective.piece_of equipment for re-
moving offset ink at high consistencies. However, further work concerning
the screw press is recommended as results were ndtlable to be duplicated

due to limiting time factors and mechanical failures of the equipment. »
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INTRODUCTION

The objective of my thesis is to sfudy our laborafory
screw press washer as a means of deinking offset news? (
print at high consistencies. In the past decade or so,
many Jjustifications have developed to increase the utiliza-
tion of seconddry fibers in the most economical way.

For this reason, I am attempting to study our labdratory
screw press washer as a means of obtaining an optimum,
économic, high consistency process for déinking offset
newsprint wastes. '

An optimum, high consistency deinking process is
desired for the reason that it will reduce water consump-
tion along with reduce the filtrate volume. Also, this
allows for the ink to be highly concentrated, resulting
in more practical, less expensive clarification. For
these reasons, I feel that there is a justification
for high consistency deihking, and that I can accomplish
this by studying and trying to optimize our horizontal
laboratory screw press washer as a means of deinking.

In the deinking of waste paper, there are three
basic phases of ink removal. These phases include:1

1. Ink removal from the fiber (chemical addition)

2. Ink removal from the pulp (washing or floatation)

3. 1Ink removal from the effluent (clarification)
KEYWORDS: Deinking ' Countercurrent Process

Washers ; Brightness

High Consistency

o
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THEORETICAL DISCUSSION

INK REMOVAL FROM THE FIBER
NEWSPRINT INK CHARACTERISTICS

Newsprint ink consists of a relatively simple fbrmuia-
tion. Offset newsprint inks contain 14-20% (by weight) |
carbon black pigment dispersed in a petroleum or mineral
0il vehicle. O0Offset newsprint inks also can contain
as much as 40-50% hydrocarbon resin binder that promotes
adhesion and aids in the faster drying required by high
speed offset printing.2 Offset inks are quite viscous,
have a paste-like consistency, and contain a rélatively
high pigment content. Because of this, only a thin
fiim of ink is required, and therefore there is less
ink to disperse when deinking.
INK DISPERSION

Fine ink dispersion is the key to maximum ink re-
moval by any washing device, especially those diécharge
ing at high consistencies. If a waste furnish contains
a large percentage of non-dispersible ink, washing
techniques are not practical and a floatation remoVal
method must be considered. Since offsetjnewsprint inks
are generally dispersible, this problem should not be en-
countered.

In utilizing a washing process for deinking, a chemi-
cal, not mechanical, dispersion of the ink occurs. The
objective in chemical dispersion is to release the in-

dividual particles of ink pigment for the ink vehicle,



the liquid that carries the pigment and binds it to'fhé
fiber, and to suspend the particles in their hafural form
and size. el

The primary physical limitations of chemical ink:
dispersion are the type of waste furnish and the type of
ink on the fiber. Problems with these physical limita-
tions should not be encountered however when using black
offset inks and newsprint. However, some chemiqal limita- -
tions or variables may be encountered. These inciude the
type and quantity of dispersion chemicals added, pﬁ;‘ .
and the chemical environment in the pulper. Chemical addi-
tion must be sufficient to inhibit chemically dispersed
ink particles from reagglomerating or redepositing on the
fiber.
PARTICLE SIZE

For effective washihg, a fine dispersion of hbmogene—
ous small particles must exist. A étudy by Beloit Corpofa—
tion--Jones Division concluded that a dispersion of pérticles
ranging from 8-50 microns would be adequate for ink rémoval
with low or medium consistency washing.3 However, these
particles would result only in reasonable removal with
high consistency washing. With a fine dispersion of off-
'set'newsprint, where the largest particles are 8-10 microns
in diameter, very effective ink removal with high conéisténcy
washing was found. According to Beloit; the effectiyeness:
of newsprint ink dispersion can be feadily judged by

examining pulper stock, which will be quite black, not
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gray, if ink is finely dispersed. Water squeezed from the

pulp or effluent from the first washer will‘élso.be quife x
black indicating the presence of a large quantity of ink
particles. Ink particles in the pulp that are visible
to the nakéd eye probably reveal either incoﬁpléte
dispersion or reagglomeration. |
DISPERSION CHEMISTRY

Dispersion chemicéls are needed in the deinking pro-

cess toiu 1. Remove ink from fiber with minimum fiber
damage . :

2. Diéperse ink particles freely in the aqueous
pulp suspension to enable mechanical re-
moval.

Since dispersion chemicals are a significant deinking
expense, it is very important to obtain optimum efficiency
from minimum chemical usage. Incorrect chemicals, excess-
chemicals, or unnecessary chemicals represent wasted .
money.

Chemical addition depends primarily on the waéte
material, the type of ink, and the process arrangement.Si
In deinking offset newsprint ink, a 1-2% surfactént (deter-
gent) to emulsify the petroleum ink vehicles, releasing
the carbon black particles is needed. A sodium silicate
must be used with the surfactant to release the resin
binder added in offset printing. Different grades of
sodium silicate exist. Choosing the optimum grade for a
specific process will allow for maximum brightness.
Different grades of sodium silicate also provede alkalinity

and abrasion. This abrasive nature aids in releasing and

dispersing ink particles, along with preventing the

e %



redeposition of ink particles on the fibers.

Hydrogen peroxide may also be a valuable déinking
chemical. The use of hydrogen peroxide in the buipef can
provide a significant increase in brightness énd may pro-
vide some assistance with ink removal from the_fiber.6
However, this chemical is expensive and therefore may be
more efficiently used as a brightener in a bleaéhing-stage.
Sometimes its use in the pulper as a brightening agent may
be convenient and effective in smali systems where a
separate bleaching system is costly, or where only a few
points of brightness are required.

Beloit Corporation--Jones Division tested the effect
of various concentrations of'surfactant, sodium silicate,
and hydrogen peroxide on.brightness of deinked offset
newsprint. This data, shown in the following table, was
obtained using a three stage press washing system with a
L% inlet consistency and- 34% discharge consistency. The
brightness of the unprinfed waste margin was 54.1 GE..

TABLE I7

SODIUM HYDROGEN GE BRIGHTNESS
TEST SURFACTANT SILICATE PEROXIDE (#3 PRESS CAKE)

A 1% 1.6% -- L7.5
C 1% 1.6% 1% 53.8
E 1% 3.2% 1 1% : 582

A single chemical formulation capable of properly
dispersing ink Ofiall types of waste paper doeé not
exist. This 1s because of the fundamental chemical and
physical differences in inks. For this reason,.teSting of

each deinking system is desirable to optimize ink dispersion,



ink removal, fiber brightness, and chemical ecbnomy.

PULPING CONSIDERATIONS
"y

Miscellaneous variations must be considered when puiping_waste,
" paper. The main considerations include the following, as they are
specifically related to newspriht wastes:

Temperature- High temperature promotes greater chemical efficiency
in deinking. It is usually recommended that pulping temperature be
as high as possible subject to equipment and economic limitations
but within maximum limits of 150-160°F for groundwood wastes.

Alkalinity- Mildly alkaline conditions, approximately 9-10

PH, generally promote best results in newsprint deinking, since .
irreversible brightness losses can occur at pH greater. than 10.
A caustic or sodium silicate can be used to slightly increase
pH, while a dilute sulphuric acid (never alum) can be used to
slightly decrease pH.

Retention Time- While required retention time for good ink
dispersion is dependent on many factors such as chemical formula-
tion, temperature, and type .of waste, 40-50 minutes are generally
adequate commercially. '

Order of Chemical Addition- Addition of all dispersion chemicals
to the pulper water prior to fiber addition can possibly increase
final brightness as much as two points. The following order of
chemical addition is recommended: water conditioner or chelating
agent, alkali, surfactant, then bleach. ; ;

Water Hardness- Low mineral content in deinking process water is
necessary for effective chemical performance and maximum pulp
brightness. The most prevalegt and harmful hardness ions include
iron, calcium, and magnesium.” These minerals tend to bind the
ink to the fiber and interfere with chemical dispersion. It is
very helpful in many cases to add a small percentage of chelating
agent to tie .up these ions. :

INK REMOVAL FROM PULP SLURRY

Once ink has been chemically seperated from the fibér, there are
two basic approaches to its removal from the pulp slurry. Dilutiﬁn wash-
ing is the mechanical process of ridding ink particles from the pulp; The
other process is a chemi-mechanical process known as floatation.lo |
This process of selectively floatiné ink particies frem a‘very dilute

pulp suspension will not be considered.



WASHING SYSTEMS & . .
Washing is the traditional method for removal Qf chémiqail& dis-
pefsible ihKs for"maximum brightness, strength,'ana_ash ?emoval. Various

washing devices can be used and must be carefully'seléctéd‘for:ié%imum
system efficiency. Basic selection considerations incluae;the type of .'
waste furnish to be used,-the‘final product to be producéd, restficiioﬁs
on the volume and quality of effluent discharged, desired ink:and asﬁ:re—
moval, required yield, andvgeﬁeral operating ecbnomy.

Conventional washing devices can be catergorized By‘their dis;
charge consistencies. Low consistency washiné, up to 8% discharge cépsié—’
tency, is usually accomplished by the use of sidehill screens, while higﬁ :
consistency washing, higher than 15% discharge consistenéy, canlbe-écgom- -
plished by utlizing screw preéses.

High consistency washing offers a distinct process advantage
because it allows for low water consumption, thérgfore having a fendency ?
to reduce operating costs. Specifically, pumping cqsts afe;greatly re&uged.i
High consistency washing may be feasible in any situation where_the ink.td
be removed is chemically dispersible. Newsprint is one situation wheré
proper chemical addition results in finely disbersed ink particles.
Particles of this size, whether ink, ash, or dirt, are colloidal in nature
and can theoretically be effectively removed at washer discharge consisten-
cies up to 35%. In situations where large particles aré pfesent, 1arger‘
than 15 microns in diameter, complete removal cannot be accompiished effi-
ciently with high consistency washing, and lower consis%ency washing de-
vices are necessary.

Even though ink particles may be sufficiently dispersed in:some
cases, many of the clay particles are too large to result in thorough

washing at high consistencies. So if particles are too large, or if



substantial ash removal is'required, equipment tebhniques othér than high :‘
consistency washing must be employed.

o
COUNTER-CURRENT WASHING THEORY

; : i B e 7
Most commercial washing systems are generally based on a counter-

current flow. This allows for minimum water usage. A équhter—cﬁrient
washing system simply involves a flow of_wash water oppo#ite‘froﬁ thaf of
the pulp. As illustrated in a tﬁree stage washing systeﬁ below, fiesh
water is added as dilution prior to the final:stagé of wgéhing. Efflugnﬁ
from this washer is used asvmake—up water in the pﬁlper; The first
state effluent, the inkiest, is discharged or clarified for continuous °
use. .

FIGURE I12

FRESH WATER
. |PurpEr | 2ND STAGE EFFLUENT=1ST STAGE DILUTION
S>> iASHER [ T [FP|wasuer [T WASHER

DOILUTION|

PBRD STAGE EFFLUENT=2ND STAGE DILUTION

18T STAGEv
EFFLUENT
(DISCHARGE OR CLARIFY)



Co—current water flow involves fresh dilution water prior to each‘_;
washing stage. Water consumption and effluent production frOm a co—current
operation &ré'impractical fcn commercial opereticn. For this reason,

a counter-current operationeis a necessary feature of a dlluticn washing;
deinking system. - ‘ . - .
SIDEHILL SCREEN WASHING SYéTEM

A sidehill washer is unique-in that no fiber maf is fcrmeé as_with
other types of'washefs. StocE\Siides and tumbles down the wire,icon—
tinually providing new opportunities for‘solids removal. .Unlike other
washers, freeness does not affect caﬁecity significantly.

Sidehill screens are generaily ccnstructed from wood; with the j
shape and arrangement of the screen framework directly'effecting-water
removal efficiency and overali capacity.13 A stainless steel éO mesh wire
screend is usually recommended to minimize fiber loss and-prevent stapling
and bending. However, it is not uncommon.to see 60 or 100 mesh screens
in use., 12 fee£ screen lengths are most common buf range for 8 to 16
feet. Screen width is generally increased to increase cepacify. The
screen angle is & critical veriable in achieving proper operation and
maximum drainage. The screen'angle varies but 38° from £he‘horizon£a1 is
considered optimal in most cases.

Discharge consistencies can be as high as 6%, although 3 4% is more
typical. Sidehill screens are desirable for their low capital cost and
operation without power; They also are effective in ash removal from
heavily fillec waste furnishes. Process disadvantages of sidehiils include
high water consumption and high effluent consistency, resulting‘in highl'

fiber loss. They also require a large amount of floor space.;




10
SCREW PRESS WASHING SYSTEM
Pulp presses permit operation at high'discharge consistencies.r

Beloit commercially manufactures both vertical and horizontal presses oper— -

*

ating in deinking applications within United State industries. These in-

dustrial installations include:

Southwest Forest Industries, Snowflake, Arizona
Southeast Paper, Dublin, Georgia 1
Garden States Paper, Pomona, California

Some Beloit delnking press applicatlon also exist in Canada and Mexico,

[N

along with screw press applicatlons in European countrles that are designed
by European manufacturers. However, specific application data was not ‘
available to report on. But, 1t was noted that the newer horrzontal press
design is the most common and desirable. The horizontal design‘facilitates
feed and discharge, requires less maintenance, and is generally iess
expensive than other designs.’ | g .

Several operating variables exist using a horizontal presss !The ;

following table summarized the effects of several press operating variables

TABLE 1115

FOR HIGHER DISCHARGE CONSISTENCY
Increase Cone Pressure

Reduce Speed
Increase Inlet Consistency

FOR HIGHER CAPACITY
Reduce Cone Pressure
Increase Speed
Reduce Discharge Consistency
Increase Freeness
Increase Inlet Consistency
Increase Spindle Compaction Ratio

Inlet and discharge consistency and press capacity are interdependent,

General process advantages of press washing include:very low water

consumption and effluent discharge, relatively low effluent solids and
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£ iber -_loss,' and ininimu'xﬁ space requirements. 'Major "czlflsa'dva,ntag:es‘ of a press
are relatively high unit powei consumptidn;and cépifai cost aécérding to
Beloit Cortf)'c5£ation.16 These adva.ntages and disadvantages can a.lso be seen

in the followmg ta.bles by Beloits

1 . g
TABIE TTIT: 7Theoret|cal ink removal by major washing devices
Typical Theoretical :
consistency, % ink removal, % Filtrate produced
R . : (for clanitication or
Washer inlet Discharge 1 stage 2 stage 3 slage ‘discharge), gallo.d. ton
.| Sicehin screen 0.8 30 739 932 982 . 19784
Gravity decker 0.9 5.0 827 ° 970 995 19,664
Inclined screw 30 12.0 73 94.8 98.8 5,396
Horizontal press 4.0 28.0 89.3 €89 99.9 4,625

18 0 e
TABIE IV: ~ Relative operating and capital cost of the washing section.

1.4: & EJ:;::;“. ’
§ ol ;22 é;;;:“m'
a7
e U]

8 osf- % i T
o.4:_%l Z / }
oo [ el

217070707

0
Sidehill Gravity Inclined- Horizontal
screens deckers screw  presses
8xtractors .

A press is capable of producing deinked pﬁlp discha:rgé cdnsiétencies :
up to 35%. But concern exists that deinking at discharge qénéisterigies :
greater than 18% may trap and rub ink into the f iber, Hov;;vef, Bel_éit
Corporation has not seen this ink redeposition at discharge consi"stencies

above 18%. 19 However, they recommend that commerc:.al 0pera.tions deink

with a discharge consistency range of 24-28% to allow for more flex1b111ty,
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INK REMOVAL FROM EFFLUENT
An important aspect of a commercial deinkiné procesS-iS‘thQ claii% 'y

fication o?“ﬁeinking effluents. It is also becéming aniécologiédl necéssity

in véiw of tighténing EPA restrictions. s | |
Clarification of deinking can take either of two fofmsz_

1. Internal Clarification- Clarified water is recycled
within the deinking process.

2. External Clarification- Effluent is clarified for -
clean discharge from the mill.20

The first approach is desirable as it can provide a closed loop ﬁater systeﬁ N
to conserve heat, minimize water discharge, and ﬁiniﬁize overéll w;ter j
consumption. Internal clarification utilized dissolved air floatation

while external clarification can be dissolved air floatation or sedimen;‘ﬂ :
tation. Appropriate chemical addition for ink flocculation is necessary

for effectiveness in either floatation or sedimentation of deinking effluentsr

BLEACHING DEINKED PULP

Some form of additional brightening is usually required in a
commercial deinking process to recover brightness lost in:recycling,, or
to increase the brightness above that of the original fiber.21 Bleaching
results with deinked stock depend on fiber characteristecs such as species,
age, mineral content, virgin fiber brightness, and bleaching éonditions
employed before recycling. This stage will not be considered seperately,
but will be combined in the chemical addition stage as previously men- -~
tioned. .

EVALUATION OF DEINKED PULP

BRIGHTNESS
Brightness measurement is the principal means of evaluating deinked

pulp. Brightness is a measure of relative reflectance of a monochrom-

atic beam of light reflected from the surface of a samplé sheet .
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For this reason, brightness is directly affected by the anonnt‘of residual
or unremoved‘ink. A high fines content may oommeroially‘reduoeibrightness
along w1th*a’reductionfbom fiber storage conditions and the age of the
waste furnish. Most importantly, the type of fiber and its initial bright-t
ness limits the brightness of deinked pulps,
STRENGTH, FREENESS AND OPTICAL PRORERTIES

As with brightness, paper properties are usually affected directly
from the significant amount of fines removed during the washing stage of‘
deinking pulp. "All the strength properties of the deinked pulp are higher
than those of the raw waste, a well known phenonenon attributedbto the
action of caustic soda on the fiber. The strength, freeness, and'optical
properties of the pulps are in accordance with the theory that tne washing
process removes a quantity of fine material whicn does not contribute to
strength, whichlreduces‘freeness, but which increases the light—scattering
properties of paper made from pulp."22
YIELD AND ASH
Yield is generally decreased with a washing.deinking process be-

cause less fiber fines are present. Fillers and organic materials are
also removed, which in turn reduces yeild and the ash content. However,
this decrease in yeild is outweighed by the many advantages of high oon-‘
sistency washing. Briefly stated, high consistency washing_allows for
good strength properties, minimum water consumption, minimun discharge

effluents, reduced heat loss, reduced fiber loss, and lower pumping costs.



MATERTALS

CHEMICAIS

EQUIPMENT

. EXPERIMENTAL PROCEDURE

o &

"Western Herald" Waste Paper
Non-recycled Newsprint (Groundwood) Flbers
Offset Printing (Black Ink Only)

Sodium Silicate (Na SlO3 9H 0)

Fisher S-408 @

Surfactant
Roman Hauss Trltun X-100
Non-Ionic

Hydrogen Peroxide (H 02)

Mallinckrodt:
30% Analytical Reagent (Stablllzed)

Conditioned Water (HZO)

Morden Laboratory Slush-Maker

Beloit Laboratory Horizontal Screw Press Washer
Laboratory Sidehill Washer :

Noble & Wood Handsheet Maker

Freeness Tester

Buchner Funnel

Mettler Balance

PH Meter

. Brightness Meter

Elmendorf Tearing Strength Tester
Mullen (Burst) Tester
Ingstron Tensile Tester
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PROCEDURE
: w &
'ORIGINAL SAMPLE

1. Test the Western Herald offset newsprint for Tappi Standard
tear, burst, tensile, and brightness (No repulplng).

2. Slush the newsprint waste fibers in the laboratory Morden
~ Slush-maker with conditioned water at 4% consistency without
any dispersing chemicals. The retention time in the slusher -
is constant at 15 mlnutes with a constant temperature range
of 150-160°F. .

3. Test the slushed pulp for Tappi Standard freeness and con-
sistency, along with brightness of a Buchner funnel pad.

4. Construct Noble & Wood handsheets and condition them according
to Tappi Standards. ¢

5. Test the condltloned handsheets for Tappi Standard tear,<
burst, tensile, and brlghtness.

LABORATCRY SIDEHILL WASHING

1. Slush the newsprint waste fibers in conditioned water at 4%
consistency with a chemical composition of 3.5% Sodium Silicate,
1.0% Surfactant, and 1.0% Hydrogen Peroxide (by weight). The
chemical addition order is constant in the sequence above with .
the fibers being added last. The retention time in the slusher
is constant at 15 minutes with a constant temperature range of

150-160°F.

2. Test the slushed pulp for Tappi. Standard freeness and con-
s1stency, along with pH.

3. Dilute the pulp to 1.0% consistency and deink through a single
pass with a laboratory sidehill washer. Dilute again to 1.0%
consistency and continue with a second pass. Dilute once again
to 1.0% consistency with fresh water and run through a third
pass. Note: Dilution follows a three stage standard counter-
current washing sequence.

L, Test the deinked pulp for Tappi Standard consistency and
brlghtness of a Buchner funnel pad.

5. Construct Noble & Wood handsheets and condition them acccrdlng
to Tappl standards.

6. Test the canditloned handsheets for Tappi Standard tear, burst,
tensile, and brightness.
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LABORATCRY SCREW PRESS WASHER

1.

Slush the newsprint waste fibers in conditioned water at 47
cbns1stency with a chemical composition of 3.5% Sodium¢Silicate,
1.0% Surfactant, and’ 1.0% Hydrogen Peroxide (Condition I).:

The sequence of chemical addition is as stated above with the
fibers being added last. The retention time in the slusher is
constant at 15 minutes with a temperature range of 150-160'F1

Test the slushed pulp for Tappi Standard freeness and con-
sistency, along with pH.

. Add a constant volume of pulp to the laboratory screw press at
a constant feed pressure. AdJjust the press speed, with a constant“;

cone pressure of 1 3/4" spring extension, perlodlcally to try
and optimize the washing process performed by the screw press.
Dilute the stock from the first pass essentially back to 4%

and pass through the press with a constant feed pressure, and
the same press speed and cone pressure as the first pass. Dilute
back to essentially 4% again with fresh water and pass through
as in stage two. Note: Dilution follows a standard three stage
countercurrent washing sequence.

Test the deinked pulp for Tappi Standard consistency and
brightness of a Buchner funnel pad. '

Construct Noble & Wood handsheets and condition them acoording
to Tappi standards.

Test the conditioned handsheets for Tappi Standard tear, -
burst, tensile, and brightness.

Repeat steps 1-6 of this portion for a chemical composition
of 3.5% Sodium Silicate, 3.0% Surfactant, and 1.0% Hydrogen
Peroxide (Condition II).

Repeat steps 1-6 of this portion for a chemical composition
of 3.5% Sodium Silicate, 5.0% Surfactant, and 1.0% Hydrogen
Peroxide (Condition III).



SUMMARY OF STANDARD VALUES AND RESULTS

-5,60/32.4

49.0/47.9

52'6 5

30.5

! CONSISTENCY PULP BRIN. :
PROCESS FREENESS  pH INITIAL/FINAL TOP/BOTTON BRIGHTNESS TEAR - BURST  TENSILE DILUTION RATIO
(m1) (%) (%) (%) (g-cm) (psi)  (1b/1") (gal H20/ton 0.D.)
ORIGINAL SAMPIE  -- - - - 53.8 25.0 6.13  275/65 e
(NO Repulping) :
ORIGINAL SAMPIE 144 - 3.80 42.5/43.8 BELB o 68,075 113 259 --
; (Repulped) ' F
SIDEHILL WASHING 170 8.75 4.01/3.45 46.5/L4.2 47.3 56,0 8.3 212 41,112
(Standard) :
SCREW PRESS WASHING
CONDITION I -
SPEED = 8 170 8.75 4.01/27.8 41.9/42.5 45,7 59.7 7.00 171 12,885
SPEED = 5 170 8.75 4,01/28.6 41.4/43.,0 45.6 544 6.75 184 . 12,910
SPEED = 2 170 8.75 4,01/27.9 42.5/43.1 W6 53.6 6.85 196 12,890
CONDITION IT : ' i
SPEED = 8 170 8.45 4,08/32.2 46.5/47.2 49.4 34,6 9.05 201 12,474
SPEED = 5 170 8.45 4,08/31.6 . 46.3/44.5 50.1 - 25.9 7.40 173 12,460
SPEED = 2 170 8.45 4.08/32.9 47.0/45.7 50.2 31.0 6.63 148 : 12,490
CONDITION IIT ' : ’ S
SPEED = 8 188 8.80 5.60/28.2 48.1/47.0 51.2 35.0 7.05 98 2. 711
SPEED = 5 188 8.80 5,60/28.9 49.6/48.7 825 32.6 7.48 111 7,731
SPEED = 2 188 8.80 ' 7.0 " . 93 7,821

';Z'I:_
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AVERAGE PULP BRIGHTNESS . (%)

 55.0%

45.0%

40.0% . -

. s

50,08

AVERAGE TOP AND BOTTOM BUCHNER FUNNEL, PULP PAD BRIGHTNESS

FIGURE Vs
l»
0
e
(&}
o
| =
Ay
o 2
&1 Ei © n N © n a © n [
& £ 1 1 1 1l I I I i 1
=} =
= 2 gl |2| |8 al (2] (& g |&| |8
& = €3} 53] £3 =] £ £3 £3 53] £3
SR o (¥ [} Ay Ay y y [ oY o
= & n 0 0 (5} n n 0 0 7p
ORIGINAL SIDEHILL SCREW PRESS WASHING
SAMPLE WASHING CONDITION I CONDITION IX CONDITION IIT




19

(%)

HANDSHEET BRIGHINESS
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FIGURE VI: NOBLE & WOOD HANDSHEET BRIGHTNESS
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MULLEN (BURST) STRENGTH
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TENSILE STRENGTH (1b./1% width)
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FIGURE IV:. TENSILE STRENGTH
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* DISCUSSION OF RESULTS

BRIGHTNESS

When observing the summary data table and flgures of the experimental
results, many trends and characteristics seem to result. F;rst, when con=
sidering the_pulp brightness of a Buchner funnel pad of Condition I, it
is seen that a 1.0% surfactant level gives a relatively low pulp bright-
ness. Less ink was removed than with the conventional low consistency
sidehill washer and with the use of no deinking chemicals at all. This
is due mainly to the fact that with the chemical concentration of Condition
I,:the ink particies were not finely dispersed. According to the litera-
ture, if the ink par£icies are not finely dispersed, they tend to re-
deposit or reagglomerade back onto the fibers, and therefore tend to get
trapped within‘the fibers aﬁd not removed when utilizing a high consistency
process. ‘

When Noble & Wood ﬁahdsheets were constructed from the pulp of
Conditdon I, fhe brightness increased 2 to 3 points over the pulp pad
brightness. This is due mainly to the faet'that some of the trapped ink
particles are washed out‘ﬁith the significant amount of dilution required
to make Noﬁle & Wood handsheets. However, a significant amount of the
'ink was nevef dispersed'ot it reagglomefated back onto the fibers during
High consiétency washing, and therefore was'not able to be washed away
with the making 6f hahdsheets.. Thisvacceupts for the iower brightness
values‘of Condition Ifwhea compared to the standard or conventiohal low
e consistency’sidehill ﬁaehing process.

When an additional 2.0% of surfactant was added as in Conditlon 171,
the pulp pad and handsheet brlghtness increased con51derab1y: 2ipioximately
5 points over Condltlon I. This addltional level of surfactant allowed
for a flner dlspers1on of ink particles. As noted 1nlthe_literature,

|
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a fine dispersion of ‘ink particles_is needed if thev are;to be effectively
washed.awav with a high consistency washingiprocess.' However;:the bright;
ness was stiil not comparable to the waste margln brightness. This proves
that some of the ink particles were never dlspersed or that they re—'
deposited on the fibers during deinking. However, the pulp and handsheet
brightness‘was comparable to the standard brightness of the sidehlll
washer. : ' :

When Noble & Wood handsheets were constructed‘from the deinked pulp'

‘ of Condition IT, the_handsheet brightness, as in Condition i;jwas higherj
than the pulp pad brightness. ' As previous‘noted this is‘mainlv‘dﬁe to:

the washing of some of the trapped ink partioles'that takes place with_the ;
high dilution required in the.ﬁaking.of Noble & Wood handsheets. However,
ink removal at this stage is not as desirable in any condition as the

ink particles and chemicals removed would contaminate the whlte water
system of conventional papermaking operatlon. . »

With another additional 2.0% of‘surfactant added, as in Condition III,
the pulp brightness increased approximately 2 points overrCondition'II.
This increase.occured due to the fact that with an additional amount of
surfactant added, the ink particles were even more finely dispersed than
in Condition I & II, and therefore easier to remove with minimal wasﬁing.
This brightness inorease occurred even with an initiai pulp consistency:‘
14% greater than standards desired.ano with a lower dilution ratio than
Conditions I & II. 1

The handsheet brightness also increased in Condition IIT as in
Conditions I & II. This; as in the other conditions, occured mainly
due to the dilution that takes place in the making of Noble & Wood

handsheets. This final handsheet brlghtness is within 3 points of the
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_ waste margiﬁ:brightneés._\Fith"d‘éimple bleaching étége or wi£hpgt,thé
50% brightness is essentiall& as gpod'aé shbuld'bg exfected.froﬁ any
deinking.ggé;atibh., Noﬁ evéry’dnevof the ink péftiéleS‘arélaﬁleltb‘be _

removed .

STRENGTH PRCPERTIES

As noted in the literature, strength propertieszfendﬁfo increase
with the utilization of a;wasbing;deinking process-versﬁs a floatation
process. This is due mainly £6-the fact that a3washing proéess tends to
remove a significant amount of fines and fiilers which origiﬁally ad-
vversely affect bonding strength. Tt is also noted'ih tﬁe liteiature
that a high consisfengy ﬁashing process éhquld théoretically removed less

~ fines and fillers than a convential low cansistenby wash due to the
trapping action tha£ occurs at high consistencies. The removal of less
fines may be beneficial as the total suspended solids in the effluent
are minimal, which helps to keep operations within EPA limits.

In Condition I, tear values are quite compariablevtdlthe tear values
of the standard, low consistency process. These te@r values were twice
as strong as the original waste, due_to the significant amount of finés
removed in a washing process. ‘

As the level of surfactant increased‘as in Condition II & III,
the tear strength decreased considefably and had a tendehcy to ievel off
between Conditions II & III. This décrease probably occuréd}because
with such high levels.of surfactant, all or most of the chemicals were
not able to be washed out of the pulp and therefore adversel& affected
bonding strength. The»leveling off effect probably is misléading and
occurs because in Condition II, the discharge éonsistencies aré higher than

Conditions I & IIT so it is likely that more fines would be trapped to
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adversely affect the strenéth.n Aﬁothef reasan fof tﬁé leQeling“off effeét i
is that due to a higher freeness in Condition III, there is initially |
less fines“tb adversely affect the bonding strength. The tea?-vaCondltion
ITI thearetically should be lower than Condition IT. .

The bursting or mulien‘strength seemed to be randomly'affeéted by allr
three high consistency condltlons, but in all but one case burst values
were lower than those of low con31stency washing and higher than the origlnal
waste paper. Bursts did not have a tendency to decrease between the varying
ievels of surfactant added; which is'ﬁnexplainaﬁle._ As the‘previouS' .
staﬁés, strength properties éhould be adversely affecﬁed by aﬁ additional
amount of chemicals added, due to the fact that chemicals tend to interfere
with fiber to fiber bonds. | » |

As the literature suggests, tensile strength decreased proportionally

with each additional 2.0% of surfactant added ip the three conditions.
The tensile strength of Condition I was only decreased slightly from
the standard low consistency tensile strength of 212 pounds/i"'width.
However, with a 5.0% surfactant level in Condition III; the tensile strength
was decreased by approximately 50% or halved. This is a very significant
drop if maximum attainable strength, is desired. :qu this reason, the
highest surfactant level may not be feasible for the 1 or 2 points in-
crease in brightness. :

DITUTION RATIO

As the literature states, one of the main advantages of high cpnsis—
tency washing is minimal water usage. As Table III suggests, high consis-
tency washers should theoretically use approximately one—fourth the
water of conventional low consistency washers. This is also seen ih the
data table and Appendix B. The low consiStency sidehill ﬁasher5used

approximately 41,000 gallons of water per ton of 0.D. fiber. This is an
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extreme amount_of watér to pump ;nd to handle.
i With afhigh consistency washer, the water usage ratio was decreased
by one-third to one-fourth as theoretically is suggested for an'equivalént
or better brightness. This significant decrease in watéi'usage allows
for lower pumpihg and handling costs aléng with more concentrated ef- :
4 fluénts. More concentrated discharges in turn aliow for moré eqonomical,;
high quality effluent clarification for recycling wifhin é cloéed system.ln

CONSISTENCY, pH, FREENESS

The pH stayed essentially constant fhroughout‘ail of the conditions
"~ and the standard so is not a contributing variable. The ffeeness élso
s£ayed esseﬁtially constant with the exception of Condition III. The
affects that this increase in freeness probably had were previougly men-
tioned.

The inlet consistency also stayed constant throughout all gxcept
for Condition iII. This increase of about 13% initial éonsistency_ﬁas‘
due to the fact that an additional amount of steam was not required to
keep the temperature constant as in the other trials. Théjaddition of
steam tc stabalizethe éemperature adds condensate which was apéounted.
for but notutilized in the third condition. Therefore, less Water.was
used in pulping and a higher inlet conéistency obﬁained. .This initial
increase in consistency was not desired, but accounted for. '

The outlet consistencies varied depending on the procesé and the
condition. The outlet consistency of the three conditions was uncontrol-

lable as the cone pressure was képt constant throughout the Various_

conditions, but was a contributing factor as previously'mentioned.



CONCIUSIONS

Coﬁcluding the results, it is seen tha% the pﬁ1p1brightne$s inerease
significaﬁ%i},.approximately 2to3 ﬁoints, with each additional 2.0%
of surfactant added. These.additienal surfactant 1evels'allowed for fine
dispersions of ink particles. If ink particles are not finely diepersed
they will become trapped and reagglomerate or redepqsit on the'fibers,
especially when a high conelstency washing process is utilized.

However, some of the trapped ink particles are released and washed
away from the significant amount of dilution thet takes place in the
making of Noble & Wood Handsheets. Ink removal at this stage»is not esf
. desirable as in the washing stage because it would centaminate'the white
water system of the paper machine in a conventional papermaking process.:
High levels of surfactant or'other chemicals are also not desired at
this stage as they would tend to build up in a closed white water system.

The strength properties of a high consistency washing process were.
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essentially lower than a low consistency washing process. As previoﬁsly 4.

stated, this is partially due to the fact that less fines are removed : '
with a high consistency washing process. Fines do not contribute to
bonding strength. For this reason, a high consistency process may not be

desired if the highest attainable streﬁgth is required.

‘However, the strength properties were also decreased with_the addi-

tional amounts of surfactant. With greater levels of chemical-eddition,
less"of the chemicals are able to be washed away and therefore adversely
affect bonding strength. As with fines, most chemicals do not eontribute
to bonding strength.

Less than one-third to one-fourth of the dilution water of low
consistency washing is needed to reach a comparable or better briéhtnees

with high consistency washing Conditions II & III. This was not seen
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however in Condition I because the . ink particles must be finely dispersed
before an equivalent or better. brightness can be achieved.

Finally, a lower press speed generally seems to allow for a greater
amount of ink particles to be removedo However, with lower press speeds,
strength properties are lowered slightly. This is probably due to the
fact that there is more mechanioal_actionjon the_fibers; therefore more
fines, as the fibers are in_contact with the screw press forla greater
length of time with lower press'speeds. But, it may not be feas1ble to
operate at such a low press speed for only a few tenths brightness increasev
and a small decrease in strength properties. Also, some operations desire
large outputs in a given time period so would operate at the greatest
speed possible without too much affect on paper properties.:

In summary, there seems to be significant proof that the high’consistency
deinking or washing process is very effective and.has some advantages
over a conventional low consistency sidehill washing process.. The ad-
vantages that the experimental data indicates inoludez |

1. Reduced dilution water consumption. This therefore reduces

pumping and operating costs, and allows for more concentrated -

effluent discharges.

2., Relatively low fiber loss. Therefore a higher yeild is ob-
tained. g J

3. High brightness attainable with chemical and speed variations.
The disadvantages that seemed to be revealed include:s

1. The ink particles must be- finely dlspersed or they are not
effectively removed at high oon31stencies.

2. May not remove enough fines do strength properties are adversely
affected more than tolerable.

These advantages and disadvantages seem to correlate with the theoretical
advantages and disadvantages previously stated.in the literature, and do
indicate that the screw press washer is an effective and efficient means

of deinking newsprint wastes, as long as the proper chemicals and condi-

tions are utilized to give maximum dispersion of the ink particles.
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RECOMMENDATIONS

Due ﬁghpechapical problgmé'with»the equipﬁeht and.limitéd £ime fhé
experimeﬁtal Wgrk was‘not able to be.taken as-fér as.originai1y desired.i
For this reason it is recommended that further work be done’utilizing
>the laboratory horizontal screw press ip the-following areas. First,_it
would be desirable to duplicate the best conditiéng,ofzthé daté. This
would allow for a verication of data as it will proﬁably vary betweeﬁ
batches.

It is also recommended that further work bé compléted on the general
study and optimizatidn of the‘screw press. In'paiticular, studying the
affects of varying the screw press cone pressure ahd/or sﬁﬁd&ing thé affect
of varying the pulpiﬂg chemicals, besides the surfactant'level. Qhanging
other chemicals will also vary the pH which may prove interesting.

Another study, unrelated to this thesis, fhat'may prove interesting
is the study of each partition of the screw press to see exactly where
most of the ink is removed wWithin the press. It is guessed that most'of

the effluent is removed within the first few inches of the screw préss;
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APPENDIXES

LR

ﬁPPENDIX A -- PRELIMINARY CALCULATIONS

INITIAL CQNSISTENCY CALCULNTIONS
L.0% Consistency with 20 liters of water minimum per batchs

Consistency = Dry Wt./Wet Wt.

Density H20 1.0g/cm
.04 = 20,0008 + X = . X = 833.3g fiber/20 liters H,0

2

CHEMICAL CONGENTRATION CALCULATIONS

Sodium Silicates i : | £
3.5% (by weigh't) (.035¢/g fiver) (833.3g fiber) = 29,2g/batch

Surfactant: :
1.0%- g.mg §33.3g
3.0%3 8333
5.0%: (.05) (833.3)

Hydrogen Peroxide:
1.0%: (.01) (833. 3)

(8.3) x 1007 = 27.7g/batch @ 30% concentration

8.3g/batch
25. Og/batch
41, 7g/batch

8.3g/batch @ 100%vconcentration




APPENDIX B -- DITUTION CALCUTATTIONS

LABORATORY;ﬁIDEHILL WASHER
4.01% Initial Consistency with a 500ml. Samples

(500m1.) (.0401) = 20.05g 0.D. Fiber
500ml. - 20.05g = 479.95ml H.0
Dilution Water: 1520ml in sfage 1
1000ml in stage 2 & 3 e
Total Waters 479.95 + 1520 + 1000 + 1ooo 3999.95m1
3.45% Final Cons1stency:

.0345 (20.05 + x) = 20.05 = 561.11iml H

Total Water Used for Dilution: 3999 95 - 561.11
Dilutions: :
3“2——2086221"1 X 239.7 = 41,112 Gallons H,0/Ton 0.D. Fiber

LABORATORY SCREW PRESS WASHER

~ CONDITION I
SPEED = 8: 4.01% Initial Consistency with a 2000ml Sample
27.80% Final Consistency
2600ml Water to Dilute Stages 2 & 3
4311 .5ml HZO Total Dilution for 80.2g 0.D. Flber
Dilution:
48315 nl X 239.7 = 12, 885.2 Gallons H O/Ton O D. Fiber -
SPEED = 5 4,01% Initial Consistency with a 2000ml Sample
; 28.6% Final Consistency ’
2600ml Water to Dilute Stages 2 & 3
4319.58ml Total Dilution Water for 80.2g 0.D. Fiber
Dilution: . )
“8(1) ég&“l X 239.7 = 12,910 Callons H,0/Ton 0.D. Fiber
SPEED = 2  4,01% Initial Consistency with a 2000ml Sample

27.9% Final Consistency

2600ml Water to Dilute Stages 2 & 3

4312.54m1 Total Dilution Water for 80.2g 0.D. Flber
Dilution: .

80.2g

0
3 38 84ml _

4312.58ml X 239.7 = 12,890 Gallons Hzo/Ton 0.D. Fiber
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Appendix B continued.

CONDITION IT

SPEED = 83 4 087 Initial Consistency with a 2000m1 Sample
“‘éz 2% Final Consistency .
2500ml Water to Dilute Stages 2 & 3
L4246,6ml H,O Total Dilution for 81. 6g 0.D. Fiber

Dilution:
5%%§g§ﬂl X 239.7 = 12,474 Gallons,HZO 0.D. Fiber
SPEED = 5 4,08% Initial Consistency with a 2000ml Sample
31.60% Final Consistency
2500ml Water to Dilute Stages 2 & 3
4241 .8ml H,.0 Total Dilution for 8i. 6g 0.D. Fiber
Dilutions i
5%%1g§21 X 239.7 = 12,460 Gallons H O/Ton 0.D. Fiber
SPEED = 2 4.08% Initial Consistency with a 2000ml Sample
32.90% Final Consistency
2500ml Water to Dilute Stages 2 & 3 v :
4252.0m1 H, O Total Dilution for 81.6g 0.D. Fiber
Dilution: .
ugizégml X 239.7 = 12,490 Gallons H,0 0.D. Fiber
CONDITION YIIT
SPEED = 8 5.60% Initial Con51stency with a 2000ml Sample
28.2% Final Consistency ‘
2000ml Water to Dilute Stages 2 & 3
3602.8m1 H,O Total Dilution for 112g 0.D. Flber
Dilution:
602.8nl y »39,7 = 7711 Gallons H,0 0.D. Fiber
112g 2
SPEED = 5 5.,60% Initial Consistency with a 2000ml Sample
28.9% Final Consistency
2000ml Water to Dilute Stages 2 & 3
3612.5ml HZO Total Dilution for 112g 0.D. Fiber .
Dilution: . :
612.5m1 ¥ »39,7 = 7731 Gallons H.O 0.D. Fiber
112¢ 2
SPEED = 2 5.60% Initial Gonsistency with a 2000ml Sample

32.4% Final Consistency

2000ml Water to Dilute Stages 2 & 3

3654 .3ml H20 Total Dilution for 112g 0.D. Fiber
Dilution:

3—%%3—— X 239.7 = 7821 Gallons H2'0 0.D. Fiber

T



APPENDIX C -- AUXILIARY DATA
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ORIGINAL SAMPLES REPULPED WITHOUT THE ADDITION OF CHEMICAI_S AND WITHOUT

THE UTILIZATION OF A WASHING PROCESS FOR INK REMOVAL

TRIAL I

FREENESS (ml). 114
CONSISTENCY (%) 3.8
PULP BRIGHTNESS (%) 38.3/L40.7
(TOP/BOTTOM)
HANDSHEET BRIGHTNESS (%)  45.6
TEAR (g-cm) 55+5
MULIEN (BURST) (psi) = 12.0
TENSIIE (1b/1" width) 260

TRTAL TT

168
Ll'uo

45.9/47.7
46.6 ;

53.3

10.6

245

' TRIAL IIT

150
3.6
B3
s
56.5
11.3

272
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