New Subsystems to Meet Current and Future
Demands in Recycled Fiber Applications
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ABSTRACT:-- For three key elements in a recycled fiber plant it was
shown that the answer to a widening gap of raw material quality on one
- side and recycled pulp quality on the other side is not to add equipment,
 buttouse equipment with significantly higher efficiencies and good
- control characteristics. Only with such subsystems recycled fiber
~ Systems can stay affordable, have a high availability and  ensure
constant recycled pulp qualities.

The Column Flotation technology allows to reduce the Sflotation in a
recycled fiber plant to one cell and one feed pump per loop only.. Low
and well controllable reject rates contribute to the a better system yield
and hence a better plant feasibility.

With the Compact Dispersion a pressurized dispersion system was
presented that reduces the number of rotating machines Jrom
traditionally seven or more to four only. Full control of the process is
given by viscosity control of the stock exiting the screw press and by
power load control by on-the-run disperser plate gap adjustment. A
new  speed heating concept within the disperser system reduces
‘negative effects of heating like color reversion or COD increase and
it offers ideal conditions for bleaching.

With the Fiber Roller a machine was presented that has good means
of control of the washing efficiency in terms of suspended solids. At
the same time this machine can eliminate a second stage thickening
since it is-able to thicken stock from approx. 0,7% to over 30 %
There would be more subsystems to add that contribute to the demand
of todays and future recycled fiber systems. Like there is

* - P O-Bleaching A

* high consistency hydrosulfite bleaching in a Compact Dispersion
system ‘

* hydrodynamic fractionation in a washer filtrate.

However, this would have exceeded the limits of this paper and is left for
_presentation at a later occasion.

INTRODUCTION = Kvaerner Hymac a.s.,

The worldwide use of recycled fibers was  Joseph Kellers vei 20
remarkably increased during the recent years. In  P.O. Box 173, N-3401 Lier,
consequence also waste paper sources which were ~ TURNBY, Norway
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be removed. From this one can calculate that the
maximum achievable Flotation Column ink removal
efficiency for inks smaller 150 um was 93 to 95%
(compared to 90% achieved in the first pass). For
larger inks the ratio remains about the same.

It is commonly known that the eﬁiciehcy of ink

removal, in particular for MOW furnishes, depends

much on the stock freatment before flotation
and the process chemistry. Therefore it was of
utmost importance to us to evaluate the -Column
Flotation Process. in a day to day mill operation in
comparison to a well reputed multistage flotation
system. Such trials were carried out in early 1996 in
a North American recycled fiber plant. The waste
furnish to this plant was MOW.

The Flotation Column with a diameter of 1,5 m
was placed in parallel to a multistage flotation
system with external recirculation at each cell. The
number of theoretical passes of this system was
calculated to 6. The rejects of this system were fed
‘to a secondary cell. Its accept was fed back to the
feed of the system. The Flotation Column was
equipped with porous spargers at the bottom as well
as with optional installation points for additional
Sparjets in the feed and/or at the bottom.

For each measurement feed and accept samples
were evaluated by image analysis and brightness.
Also the reject rate of the Column Flotation was
measured. Two measurements of the existing
multistage flotation system were made and are
regarded as reference., Ten measurements were
made around the Flotation Column. Four of them
were rejected because they were purposely taken
under extreme operating conditions (very low reject
rate) respectively unsuitable air injection arrange-
ment (no use of porous spargers). The results can
be taken from the graph of Fig. 4.

A point on the 0% line means that the
measured ink removal efficiency is the same as
the average of the existing multistage flotation
system. * Its two measuring points are symmetri-
cally located above and below the 0% line and are
named Exist 1 and Exist 2. They show the actual
relative deviation from the average yalue. In.the
same way. the results of the six measurements for
the Flotation Column are marked FC1/4/7/8/9/10.
The red squares are the average value of the six
Flotation Column values. Bringing thlS average
values in a logarithmic regression leads to the curve
that is located at about the +70% level. This means
that in average one single stage flotation column
results over the entire particle range measured in a
efficiency that is 70% (relative) higher than the
existing flotation.

Although the brightness gain through flotation
is usually of minor importance for MOW furnishes
it was measured as well in order to compare the
removal efficiency for invisible inks. Fig. 5 shows
that all brightness gains are on the same level
between 1, 5 and 2, 5% ISO.

The next graph in Fig.6 demonstrates the
reject rate for each of the measurements for the
Flotation Column. It shows in each case extremely
low reject rates in the range of 1, 5 to 3, 5%.

Brightness Gain of the Flotation Column in a MOW Deinking
Mill Compared to. Multistage Flotation
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Unfortunately the reject flow of the existing
multistage flotation system was not accessible and
could not be measured, but-typically one would
expect flotation reject rates above 4% for North

American MOW. Therefore, the rejects rates the -

" Flotation Column was operated at are very low: This
leads to the expectation of achlevmg better system
yields in DIP-plants when using the Column
Flotation for Deinking. :

Durmg one month of continuous operation the
Flotation Column proved a reliable operation. Thanks
to the two point level measurement and. the thick
froth, the level and the reject rates could be easily
controlled. Wear, plugging or deposnts on the spargers
were not observed. o

Fig.7 shows a 3-D graphic of the Flotation
Column and its main components. A Flotation
Column for approx. 150 bdmt/d stock is 7m high and
has a diameter of 4,3 m. The area between porous
spargers and the feed is divided into sections of
equal areas. It is approximately the same cross
sectional area for every size Flotation Column in
order to have the same flow characteristics in each
size cell. Subsequently scaling up problems will be
omitted. The scraper at the top of the cell is
designed to guide the froth gently to the sludge
gutters, which are radially arranged and lead the
froth to the froth outlet of the Column. This method
results in a short traveling distance for the froth
until removed. This prevents remixing of froth with
-the stock.

COMPACT DISPERSION

Dispersion is-a process of reducing the partlcle
size of contaminants. The high treatment tem-
perature in the dispersion system also effectively

eliminates the presence of bacteria and fungi in the
stock - exceedingly important for end products

‘being used for food-packaging etc. (e.g. folding
‘boxboard). Furthermore, dispersion offers the right

temperature and ideal mixing devices for bleaching.

In most processes, the stock consistency is too
low to ensure economical heating of the stock, i.e.
the stock consistency must be raised. Furthermore,

- dispersion of contaminant particles is favored by high

consistency. Hence, . in this context, a dispersion
system ‘comprises dewatering, heating and

dispersion itself.

HEATING

Traditionally, pulp heating from system
temperature, some 40 - 50-°C, to dispersion
temperature, some 90-120-°C, is performed using
slow rotating screw conveyors with direct steam
injection. These are usually termed preheaters. The

- preheater is usually designed for a residence
time of some 3-5 minutes, bringing the total

length of the preheater up to some 11 meters,
along with a diameter of some 1 to 1.7 meters, for
a system having capacity of 300 - 400bdmi/d.

_Although conventional preheaters are well estab-
lished, no studies appear to have been published .on
steam heating of pulp particles.

The temperature (T) profile of a solid sphere
with radius r, can be determined using the Equasion
in Fig. 8.

- in which p is the material density, t is time,
k and Cp are the thermal conductivity and
specific ‘heat capacity respectively. From the
Equasion can be seen that as the particle radius
diminishes, so does the required time for heating.

Rotation Column

Ihsormtioal Heating Fme for High Consistency Stock
227w s |
- —y - Teowtion) tme
! » FG[ ("k)] * reyitred o hest
20 4 _opherical purticles
. “(30%oens) hem 50 0
@ AR . 97°Cwith entursted
. . olenm.
e reereees Las than 18 soconet s
requindis heat A
{ puarthiles In this system P
LI = a
0. 1 2 3 & _ 8. - Cled
-V- Pusticle Dametor fmm} Panicle site messured
Moasured Particle Range wsing imege anadpis
Fig.8 -

IPPTA Vol.-8, No.-3, September 1996

108



determine e reqmred

Duvalopment v, Momr .
. DieaGap .
Pilot Pamt Triaks:
70/30 ONP/OMO,
30% consistenoy,
Hunu-p-umzov

: Heater even - serves' the purpose of b

A NOVEL CONCEPT FOR DISPERSION

,These tnals ctually venﬁes that conven&x’

efﬁc:ent chemlcal mixer.

In case of pressunzed dispersion; a plug sct )
feeder is conventionally used to seal against the
steam pressure, whereas dewatering is frequently
being performed using screw presses. In scre:
presses, a pulp plug is formed at the very end of th
screw press, in the so-called plug-zone. In this zone
the web is compressed to high con51stency, and th

IPPTA Vol.-8, No.-3, Septemb_e;r";m




Pressunzed Dispersion Systems

* Heating Screw
* Feeding Screw
* Disperser

‘ AConventional. 2 : ?'Compnct Dispersion
ire press * (Predewatering Screw)"" Pressurized Screw Press

* Screw Press * Speed Heater

* Plug Screw © -~ .* Feeding Screw
* Scredding Screw * Disperser .

 the relevant
~stock v15cost_

. _and specnﬁc "

“ Fig.11

© Vater O Fben © A/ Comtaminates § Moving fibdo/ ol

Fig.12

IPPTA Vol.-8, No.-3, September 1996

107



stock washing is shown. It consists of the following
elements; ‘

- Headbox

Stationary plastic flap

Rotating drum with fabric

Cleaning shower

Suction box : : SRR

Press roll which acts also as pick- up roll
Screw conveyor for transport of washed stock

LN SR BN JEP YR

(not shown) B .
* Fan for the vacuum and the water separator (not
shown) ‘ . L :

The stock is fed via a headbox at low stock
consistency between a rotating perforated drum with
fabric and a stationary air proof plastic flap. The
dewatering takes place towards the center of the
Fiber Roller aided by a low vacuum of 10 to 20 kPa
(0,1-0,2bar). When the stock consistency has
reached 10 to 15% the stock starts to roll and
dewatering continues untill a consistency of some
25% are reached. Then the fiber rolls leave the
plastic flap and can be discharged. When higher
stock consistencies are desired the Fiber Roller can
be equipped with an additional press roll that brings
the consistency to 30 to 40%, depending on the
operating conditions. - .

The washing principle can be explained by a
model as drawn in Fig. 13."

*  The stock is fed between a stationary plastic
flap and a moving wire. Water, ash, fines and
small contaminants leave the area through the
wire. A fiber mat tries to form a filter mat on
the wire. o

Washing. Model of the fiber Roller

2 Dﬂiﬁ washing pliese 2
DI,
8,0

mning wls P

' - Aber omshing, -

A S , . Gontiowously X e X v L o,
chaugng . - .

 Waaer i) Twew @ Ah 7 Coatmmitutes

| Fig. 13.

*  The filter mat is continuously broken up by the

shear forces generated by the relative velocity

-of moving wire and stationary plastic flap. This

is enhancing the removal of small suspended
solids.

*  When approx.10% stock consistency are
reached, the shear forces cause the fibers to
roll. This allows further removal of small
suspended solids as well as further dewatering.

OPERATING AND CONTROL CHARAC-
TERISTICS OF THE FIBER ROLLER

 Fig.14 shows the ash reduction of the Fiber
Roller versus the speed of the machine. The speed
range is 20 to 80 rpm corresponding to 70 to 280
m/min. The three curves represent different feed
consistencies. It can be seen that at a feed consis-
tency of 0.84% a good controllability in the range
from 55 to 85% is possible. With lower feed consis-
tency this range is moved up and vice versa. 30%
control range. is a good figure for the controllability
of the accept ash content. Still it is desirable for
partial washing to move the controllability towards
deashing efficiencies between 30 and 6%.

The influence of the machine speed and feed

Ash Reduction by the Fiber Roller
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consistency to the accépt stock consistencies is
shown in Fig. 15. At low Fiber Roller speed accept

stock consistencies of up to 40% were achieved. At

50 rpm the curves flattens out a level of 23 to.26%.
It is'believed that stock consistencies of 30%. plus,
can constantly be achieved with a pressure variable
press roll and an optimized roll cover.

- At present the research work emphasizes on
broadéning the control range for ash removal.
Different types of fabrics and optimized headbox
and suction box design make room for such
optimizations. '

Fig. 16 shows a workshop picture of the Fiber
Roller without press roll. -
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