PEER REVIEWED

Fractionation of softwood fiber (TMP)
using a rotating cone

VILAS B. REWATKAR AND JACOB H. MASLIYAH

N AN EARLIER STUDY (), FIBER FRAC-

tionation using rotating cone

fractionators was found to be su-

perior to the conventional plate
atomizing wheel proposed in the lit-
erature (2-9). The unique features
of the rotating cone fractionator
adopted in this study were that (a) its
surface was constructed from a sieve
mesh, thereby producing a “rough”
surface, and (b) the location of the
feed pipe was offset from the cone’s
axis of rotation. Our experimental
conditions were at variance with
those used in the literature (i.e.,
lower rotational speed, nonuniform
feed rate, and rough surface).
Fractionated products were col-
lected at several angular locations in
a specially designed collection as-
sembly. The results from the previ-
ous study (1) suggested that a rotat-
ing cone fractionator operating at
minimal rotational speeds can frac-
tionate 100% hardwood fibers ac-
cording to length and percentage of
fines associated with them.

In the present study, a new
method of aligning the collection
zones with the dispersed spray is
proposed to maximize fractionation
efficiency. An attempt was made to
enhance fiber fractionation perfor-
mance by investigating the influence
of the design parameters of the ro-
tating cone fractionator. The effect of
surface roughness, cone angle, and
cone diameter were studied in detail.
The effect of design details for the
feed distributor, such as shape and
distributor area, were also studied at
some length. Finally, the effect of
feed flow rate and rotational speed

were studied for the optimum cone
design and feed distributor.

The experimental results are pre-
sented in three ways:

1. Variation of average fiber length
within the six collection zones
2. Variation of average fiber length

of cumulative mixtures of differ-
ent fractions
3. Extent of fractionation.

EXPERIMENTAL SETUP AND
PROCEDURE

Figure 1 shows a schematic diagram
of the experimental setup used in
this study. A fiber suspension of
100% softwood thermomechanical
(TMP) (supplied by Paprican, UBC,
BC) was prepared in a feed storage
tank and maintained in a well-mixed
condition with the help of a stirrer.
The fiber suspension was pumped
using a progressing cavity pump and
fed to the rotating conical surface at
a constant flow rate. Feed flow rate
was measured using a precalibrated
magnetic flow meter. In all cases, the
feed delivery point was offset from
the cone’s axis of rotation.

The feed fiber suspension flowed
over the conical surface, and at the
rim of the cone it was dispersed into
the air. The dispersed spray was col-
lected in a specially designed collec-
tion assembly placed concentric to
the rotating cone. Figure 2 provides
top views showing two types of
zone alignment of the collection as-
sembly with respect to the dispersed
spray. The collection assembly was
made up of six equally spaced com-
partments built within a cylindrical

tures: (a) their surfaces were con-
structed from a sieve mesh, thereby
introducing a “rough” surface, and (b)
the point of feed delivery-was offset
from the cone’s axis of rotation. Six
fractions were collected at different
angular positions in a specially de-
signed collection assembly.
Fractionation performance was en-
hanced by dligning the first collection
zone with the dispersed spray origi-
nating at the transition boundary on
the rim of the cone. The design para-
meters of the cone (surface rough-
ness, cone angle, and cone diameter)
were studied in detail. The design of
the feed distributor (shape and open-
ing area) was also studied. Results
showed that the best fractionation
performance was obtained using
cones with an angle of 30° made
from 20-mesh screens. A large, ellipti-
cally shaped feed distributor gave the
best fractionation performance. The
results suggest the possibility of scale-
up based on constant tip speed at a
given flow rate.

Application:
A new approach to fiber fractionation

vessel. The bottom of the cylindrical
vessel was an inverted cone, which
facilitated removal of the fiber sus-
pensions. Each compartment (or col-
lection zone) was provided with its
own outlet at the bottom of the ves-
sel. Most experiments were carried
out by adjusting the collection as-
sembly such that the dispersed spray
from the transition arc boundary at
the rim of the cone was captured by
the first collection zone, as shown in
Fig. 2a. When a cone diameter of 180
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mm was used, the annular gap be-
tween the cone rim and inner
boundary of the collection chambers
(200 mm) was small. Under this situ-
ation, the angular location of the
transition arc boundary at the rim of
the cone is aligned with the angular
location of the leading edge of the
first collection zone. Few tests were
carried out by aligning the first col-
lection zone with the angular loca-
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tion of feed point (as shown in Fig.
2b), as was done in the earlier study
(1). The subsequent zone numbers
were assigned based on their angular
location compared with the location
of the first collection zone.

Design details of the rotating
cone and the feed distributor are
given in Fig. 3 and Table I. The major
axis of the elliptically shaped distrib-
utor was aligned with the axis of ro-

tation. In the majority of experi-
ments, the radial location of the dis-
tributors was 30 mm away from the
axis of rotation. Cones were fabri-
cated using different mesh screens.
The details of wire size and opening
for these mesh sieve screens are
given in Table II. The holes of a mesh
sieve were blocked using adhesive
tape on the lower side of the cone
surface, so that no suspension can
pass directly through the holes.

A fiber quality analyzer (FQA)
(OpTest Equipment Inc.,
Hawkesbury, ON) was used to mea-
sure the average fiber length and per-
centage of fines (L < 0.2 mm) pre-
sent in the feed and the collected
fractions. For a given sample, an FQA
provides three types of mean fiber
lengths:

1. Arithmetic mean length L,

nL
L= 21 (1)
zn,
2. Length-weighted mean length L
nL?
LL = LJ_ )
by njL].
3. Weight-weighted mean length L,
nij3 3
w ansz ( )
where
j=12,...,n

n = fiber count

L = measured fiber length (contour
length)

In the present study, data of
length-weighted mean length L, was
used.

For a given experimental run, the
amount of fiber suspension coliec-
tion in each zone was measured
(weight basis). The consistency of
the fiber suspension was calculated
using TAPPI T 240 om-88 (10). The
dry weight of fibers in the fiber sus-
pension was calculated as the prod-
uct of the weight of fiber suspension
and its corresponding consistency.
The fraction of feed collected (based



on dry weight of fibers) in each zone
was calculated by taking the ratio of
the dry weight of fibers collected for
an individual zone to the total dry
weight of fibers in the feed.

In order to measure quantita-
tively the extent of fractionation, the |
following method was used. Letting
L, , be the average fiber length of

sample 7 (samples collected from

Zones 1-6) for which the weight
fraction of feed fibers collected is x,
then the average length for the set of

all six zones is given by: Distributor designs

6 ’

L=%xL, @) \ ) Ea
i=1
The extent of fractionation AL is A B C

a measure of the difference in fiber . _ ) . _ ) . - 2
length between the zones. This im- Op.emng.area =80 mm Op_emng.area =35mm Qpeqlng area =78.5mm
€ng °n | g Majoraxis = 18mm Majoraxis =1l mm Pipe id. =l mm
portant quantity is defined in Eq. 5: Minoraxis =5 mm Minoraxis =4 mm

AL = [Ef: X; (LL,i - LLF) 2] " &)

The fractionation results ob-
tained under different test conditions were compared
based on the calculated values of AL, .

RESULTS AND DISCUSSION
General discussion
The fractionation results are presented in three ways:

1. Variation of average fiber length within each of the
six collection zones

2. Variation of average fiber length for cumulative mix-
tures of different fractions

3. Extent of fractionation.

Variation of average fiber length within the collec-
tion zones. The measured values of average fiber length
for the samples collected in the various compartments or
zones were plotted against the collection zone number.
For a given set of test conditions, fractionation occurred
along the periphery of the cone, whereby the collected
fibers had different average fiber length at the various
collection zones. If the dispersed spray originating from
the transition boundary at the cone rim was captured in
the first zone of the collection assembly (Fig. 2a), then
the fiber length continuously decreased from Zone 1 to
Zone 6. In a few experiments, the fiber length values of
Zone 5 were slightly higher than Zone 6. This was due to
large fluctuation in the location of the transition arc dur-
ing the experiments.

3. Design details of cone, feed pipe location, and distributor

Pulp type 100% softwood (TMP)
Feed average L, =0.57 mm |
fiber length L, = 1.37 mm
L, = 2.08 mm

X =095 £ 0.02%

Angle = 15°,30°,45°, 60°

D =120 mm, 80 mm

Surface roughness = 0, 12,20, 32
mesh screen

| Feed consistency
Design details
of cone

Feed distributor

g A elliptical area = 80.0 mm?
| B elliptical area = 35.0 mm?
C circular area = 78.5 mm?

Feed location h, =10 mm

] r, =30 mm

f
Rotational speed

N =300, 450, 600, 670 rpm
Feed flow rate Q

n

h

=15,26,42,7.0 x 105 m¥/s
= 4000

Fiber count for
average fiber lengt

I. Experimental conditions

Variation of average length for cumulative mixtures
of different fractions. In order to compare the fraction-
ation performance under different design and operating
conditions, the average fiber length for cumulative col-
lected fractions of increasing fiber length was plotted
against the cumulative amount of fiber collected.
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4.a: Average fiber length in the six collection zones and b: frac-
tionation performance for two types of zone alignment

Wire
diameter, Opening,
Screen size pm Hm
12 mesh 600 1710
20 mesh 474 798
32 mesh 237 553

Il. Details of wire size and opening of the
different screens

against the cumulative amount of
fiber collected.
The average fiber length was evalu-
ated as if one were to mix the col-
lected fractions of increasing fiber
lengths.

The value of the average fiber
length calculated for a mixture of all
the fractions (i.e., at 100% cumula-
tive feed) should approach the ex-
perimentally measured value of the
feed average fiber length. The accu-
racy of analysis and sampling would
thus manifest itself in the plot of cu-
mulative values.

Extent of fractionation. The
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quantitative values for the extent of
fractionation AL, were calculated
using the procedure discussed in the
experimental section (Eq. 5). Values
of AL, were compared for different
test conditions. In general, higher val-
ues of AL, indicate larger differences
in length between the collected frac-
tions.

Comparison of fractionation

performance for two different

types of zone alignment
A rotating cone (30° cone angle, 180-
mm diam.) was used in tests to eval-
uate fiber fractionation performance
for the two different types of zone
alignment. The angular location of
the first zone within the collection
assembly was aligned in one of two
Ways:

1. Transition boundary: Zone 1
aligned with the dispersed spray
originating from the transition
boundary at the cone rim (Fig. 2a)

2. Feed point: Zone 1 aligned with
angular location of the feed point

5.a: Average fiber length in the six collection zones and b: frac-
tionation performance at different levels of cone roughness

(Fig. 2b).

Experimental results for fiber
fractionation obtained with the two
types of zone alignment are given in
Fig. 4. As seen in Fig. 4a, the average
fiber length decreased continuously
from Zone 1 to Zone 6 for the frac-
tions collected using the transition
alignment. With the feed-point align-
ment, fiber length increased from
Zone 1 to Zone 2 and then decreased
continuously through Zone 0.

With the feed-point alignment,
the variation in fiber length with re-
spect to zone location depended on
the angular location of the transition
boundary at the rim of the cone,
which in turn varied with the design
and operating parameters of the ro-
tating cone. If the dispersed spray
originating from the transition
boundary happens to be aligned
with the start of the second zone lo-
cation, then maximum fiber length is
obtained in the second zone.



(Fig. 2b), then the corresponding
zone has a mixture of dispersed
spray of long and short fibers. This
decreases the maximum and in-
creases the minimum values of aver-
age fiber length for the fractions col-
lected in the adjacent zones.

Figure 4b plots the average fiber
length of cumulative collected frac-
tions (of increasing fiber length)
against the cumulative amount of
fiber collected. This plot is useful for
evaluating the fractionation perfor-
mance for the two types of zone
alignment. The results show that
when Zone 1 was aligned with the
spray originating from the transition
boundary, the fractionation perfor-
mance was better than when Zone 1
was aligned with the angular location
of the feed distributor. A large im-
provement was observed at a feed
flow rate of 7.0 x 10~> m3/s. From the
values of AL at a given flow rate
(given in the legend of Fig. 4), it is
clear that the transition type of zone
alignment gave higher values than the
feed-point type of zone alignment.

These observations led to the
conclusion that the spray from the
rotating cone with eccentric feed lo-
cation shows a systematic variation
in fiber length, with the highest
length at the transition boundary,
and it decreases continuously along
the rim of the cone in the direction
of rotation. Hence, better fractiona-
tion performance is obtained by
aligning the angular location of the
first collection zone with the spray
originating from the transition
boundary at the rim of the cone.

Yariation of angular location of

transition boundary with

various operating parameters
Most of the experiments were car-
ried out by adjusting the collection
assembly such that the dispersed
spray originating from the transition
arc boundary at the rim of the cone
was captured by the first zone. When
the cone diameter of 180 mm was
used, the annular gap between the

Cone Surface Cone speed Flow rate Ansle
angle (0),  roughness (N), Q) (@),
degrees screen m rpm 107 m'ls degrees
15 20 450 42 94.5
30 20 450 42 93.0
45 20 450 42 116.5
60 20 450 42 160.2
15 20 450 7.0 67.4
30 20 450 7.0 61.4
45 20 450 7.0 67.3
60 20 450 7.0 118.3
30 none 450 2.6 574
30 12 450 2.6 158.3
30 20 450 2.6 122.8
30 32 450 2.6 115.0
30 20 450 1.5 173.0
30 20 300 2.6 83.7
30 20 300 4.2 63.3
30 20 600 2.6 146.0
30 20 600 4.2 104.6
* Constant feed location; D = 180 mm; feed distributor A

Ill. Values of a at different experimental conditions *

cone rim and the inner boundary of
the collection chambers (200 mm)
was very small. Under this situation,
the leading edge of the first collec-
tion zone can be aligned with the an-
gular location of the transition arc
boundary at the rim of the cone.
Therefore, it seemed useful to iden-
tify the angular location of the transi-
tion boundary a (angle between the
angular location of the feed distribu-
tor and the transition boundary at
the rim of cone) for various design
and operating parameters of the ro-
tating cone fractionator.

Table Il shows the measured val-
ues of a under several test condi-
tions. From Table III, it is clear that
the angular location of the transition
boundary varied with the surface
roughness, the cone angle, the rota-
tional speed, and the feed flow rate.
At a given flow rate, rotational speed,
and cone angle, the value of « for dif-
ferent surface roughness increased
in the following order: smooth < 32
mesh < 20 mesh < 12 mesh.

For a 20-mesh surface, the 30°
cone angle gave the lowest value of
o. Increasing or decreasing the cone
angle led to a higher value of a. For
all of the cone angles tested, at a con-
stant rotational speed, o decreased

with increasing feed flow rate. At a
constant flow rate, o increased with
increasing cone rotational speed.

The design and operating para-
meters influence the radial and an-
gular velocity components of the
flowing suspension, which in turn af-
fect the angular location of the tran-
sition boundary at the rim of the
cone. When a design or operating pa-
rameter increases the angular com-
ponent of the resultant velocity, then
the transition boundary shifts in the
direction of rotation, consequently
increasing «. If the angular velocity
component (at higher rotational
speeds) is fairly high, there will be
some mixing or overlapping of in-
coming feed with fractionated sus-
pension on the cone surface.
Fractionation performance declines
under such flow conditions (1).
When a design or operating parame-
ter has the effect of increasing the ra-
dial velocity component, then the
transition boundary shifts in the op-
posite direction of the cone rotation,
resulting in a decrease in a. If the ra-
dial velocity component is fairly high
(at high flow rates), the fiber suspen-
sion forms a film around the rim of
the cone, which degrades fractiona-
tion performance.
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6. 2: Average fiber length in the six collection zones and b: frac-
tionation performance at different cone angles (Q=4.2x10-* m'ls)

Effect of cone surface roughness
The effect of cone surface roughness
was studied at a feed flow rate of 2.6
x 10~ m?/s and at a cone rotational
speed of 450 rpm. The cones (180-
mm diam., 30° angle) were fabri-
cated using 12-, 20-, and 32-mesh
sieve screens. The details of wire size
and opening for the mesh sieve
screens are given in Table II.

Figure 5 shows the experimental
results for fiber fractionation at dif-
ferent levels of cone roughness.
Figure 5a shows the average fiber
lengths for the samples collected in
each of the six collection zones. In
all of the experimental runs, the av-
erage fiber length decreased continu-
ously from Zone 1 to Zone 5.
However, in three of the four runs, the
average fiber length for Zone 6 was
higher than in Zone 5. This was due
to fluctuation in the angular location
of the transition boundary arc during
the experimental run. The results in
Fig. 5a show that the 20-mesh screen
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surface gave fractions with the short-
est average fiber length as compared
with the other mesh screens.

Figure 5b plots the average fiber
length of cumulative collected frac-
tions against the cumulative percent-
age of fiber collected from the six
zones. From the results in Fig. 5b, it is
clear that the 20-mesh screen surface
provided excellent fiber fractiona-
tion. For example, in a single pass,
the 20-mesh cone separated 8.0% of
the feed fibers (a combination of
Zones 4, 5, and 6)—with a combined
average length of 0.78 mm—from a
feed with an average length of 1.37
mm. Comparison of ALL values (in
the legend of Fig. 5b) for the differ-
ent levels of surface roughness
shows that the extent of fractiona-
tion improved in the following
order: smooth < 12 mesh < 32 mesh
< 20 mesh.

In earlier work (1), 20-mesh and
32-mesh screens showed good frac-
tionation of hardwood fibers (L =

7. a: Average fiber length in the six collection zones and b: frac-
tionation performance at different cone angles (Q=17.0x10-* m’Is)

0.75 mm). However, the current frac-
tionation results for softwood fibers
(L, = 1.37 mm) indicates that the op-
timum roughness was the 20-mesh
screen. Both observations suggest
that the optimum roughness for the
best fractionation performance may
depend on the average fiber length
of the feed.

Effect of cone angle
The 20-mesh screen surface pro-
vided the best fiber fractionation.
Consequently, the effect of cone
angle was studied using a 20-mesh
screen surface. The cones used in
these experiments were of 180-mm
diameter with cone angles of 15°,
30°, 45°, or 60°. Tests were carried
out at a rotational speed of 450 rpm
for flow rates of 4.2 or 7.0 X 10
m?3/s. Fiber fractionation results for
the two flow rates are shown in Figs.
6 and 7, respectively.

In general, for all of the cone an-
gles used in this study, the average
fiber length decreased continuously
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8.a: Average fiber length in the six collection zones and b: frac-
tionation performance for feed distributors A and C

In general, for all of the cone angles used in this study,
the average fiber length decreased continuously from
Zone 1 to Zone 6, as seen in Figs. 6a and 7a. The lowest
values of average fiber length for all zones were obtained
with the 30° cone angle. At the lower feed flow rate of
4.2 x 10~ m?/s (Fig. 6a), the average fiber length of Zone
1 increased marginally with increasing cone angle, and
the maximum value (1.6 mm) was obtained at a cone
angle of 60°. Similar trends were observed at the higher
flow rate of 7 x 10> m3/s (Fig. 7a).

The fractionation performance of different cone an-
gles was also evaluated by plotting the average fiber
length of cumulative collected fractions against the cu-
mulative percentage of fiber collected from the six
zones, as seen in Figs. 6b and 7b. The 30° cone angle
clearly gave superior fractionation performance. The
high AL, values in the legends of Figs. 6b and 7b confirm
this observation.

Effect of feed distributor design
The effect of feed distributor design on fiber fractiona-
tion performance was studied using a 180-mm-diam.
cone with a 30° cone angle and a 20-mesh screen sur-
face. In general, at a constant feed flow rate, the feed ve-
locity through the distributor depends on its opening
area. The feed velocity increases with decreasing distrib-
utor area. When the feed suspension strikes the rotating

1.6
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£ ‘&1\ /
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=z 2 D=180 mm
w I Surface=20 mesh
o Feed distributor A
g N=450 rpm
o |0 Qx105, AL,
w mifs  mm
O —0- |5 0144
= g TH 26 0B
g : —A— 42 051
= —— 70 0.I32
06 | 2 3 4 5 6
COLLECTION ZONE NUMBER

9. Average fiber length in the six collection zones at various feed
flow rates

cone surface at a higher velocity, several fountains of the
feed suspension directly splash back into the collection
zones close to the feed location, thus reducing fractiona-
tion performance. This phenomenon limits the maxi-
mum feed flow rate for a given distributor area. In the
present study, the feed velocities at the flow rates of 2.6
and 4.2 x 10~ m?/s were found to be suitable for the two
elliptical distributors A (area = 80 mm?) and B (area = 35
mm?). However, for distributor B, the feed velocity at the
flow rate of 7.0 X 10~ m?/s was sufficiently high for
splashing to occur on the cone surface. Therefore, at a
given flow rate, the opening area of the distributor
should be sufficiently large to avoid splashing.
Fractionation performance was found to be practically
the same for distributors A and B under similar experi-
mental conditions.

The effect of the distributor shape on fractionation
performance was evaluated by conducting experiments
with elliptical distributor A and circular distributor C. The
opening areas for distributors A and C were 80.0 and 78.5
mm?, respectively. The radial location of the distributors
was 30 mm away from the axis of rotation. The major axis
of the elliptical distributor was aligned with the axis of
rotation. Comparison was made at flow rates of 4.2 and
7.0 x 107 m?/s at a rotational speed of 450 rpm.

Fiber fractionation results obtained with the two feed
distributors are plotted in Fig. 8. The variation of the av-
erage fiber length with zone location was similar for both
distributors, as seen in Fig. 8a. At a flow rate of 4.2 X 107
m?/s, the lowest average fiber length obtained (Zone 6)
with the elliptical distributor (A) was smaller than that
obtained with the circular distributor (C). A comparison
based on the cumulative fractions collected (Fig. 8b)
shows that the elliptical distributor provided a little im-
provement in the fractionation performance over the cir-
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cular distributor, which had nearly
the same opening area.

Effect of feed flow rate
The effect of feed flow rate on fiber
fractionation performance was stud-
ied using a 180-mm-diam. cone with
a 30° cone angle and a 20-mesh
screen surface. The flow rate was
varied from 1.5 to 7.0 X 10~ m?/s at
a rotational speed of 450 rpm.

Figure 9 shows the variation of
average fiber length within the six
collection zone at various flow rates.
The results show that fractionation
performance was better at flow rates
of 2.6 and 4.2 x 10 m?/s as com-
pared with the flow rates of 1.5 and
7.0 X 10~ m?®/s. The value of AL, (in
legend of Fig. 9) was highest (0.173
mm) for a flow rate of 2.6 x 107
m?/s, indicating a more effective
fiber fractionation.

In general, with an increase in
the feed flow rate, the residence
time of a suspension on the cone
surface decreases, and the tendency
for film formation along the rim of
the cone increases (7). The result is
a reduction in fractionation perfor-
mance at a high flow rate (7.0 x 107
m?/s). However, at a very low rate
(1.5 x 10 m?/s), the incoming feed
suspension overlaps with the frac-
tionated suspension on the cone sur-
face, which also reduces the frac-
tionation performance. Therefore,
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I 1. Average fiber length in the six collection zones at various ro-

tational speeds and feed flow rates

for a given cone rotational speed,
there is an optimum flow rate for the
best fractionation performance.
Figure 10 shows the variation in
the flow rate into individual collec-
tion zones with respect to the feed
flow rate. In general, at a constant ro-
tational speed, increasing the feed
flow rate increases the fractional
fraction flow rate into an individual
zone. However, the extent of the in-
crease was found to decrease sub-
stantially after Zone 3. This suggests
that increasing the feed flow rate
does not substantially increase the
throughput in Zones 4, 5, and 6.
Effect of rotational speed
The effect of cone rotational speed
on fiber fractionation performance
was studied using a 180-mm-diam.
cone with a 30° cone angle and a 20-
mesh screen surface. Rotational
speed was varied from 300 to 600
rpm. Tests were carried out at flow
rates of 2.6 and 4.2 x 10 m?/s. The
fiber fractionation results in Fig. 11
show that the extent of fractionation
(values of AL in legend of Fig. 11)
improved substantially with an in-
crease in the rotational speed from
300 to 450 rpm. However, with a fur-
ther increase in rotational speed
from 450 to 600 rpm, the fractiona-
tion performance improved only
slightly. In our earlier work on hard-

wood fiber fractionation (1), we
found that, for a given flow rate,
there is an optimum rotational speed
for the best fractionation perfor-
mance.

The influence of cone rotational
speed on the flow rates into the six
individual zones of the collection as-
sembly was also studied. Figure 12
shows the variation of the flow rate
into the six zones with increasing ro-
tational speed at a constant flow rate
of 4.2 x 10~ m?’/s. The results show
that with increasing rotational
speed, the flow rates into Zones 1
and 2 decrease while the flow rates
into Zones 3, 4, 5, and 6 increase.
However, the increase in the flow
rates for Zones 4, 5, and 6 was mar-
ginal. This suggests that increasing
the cone rotational speed does not
increase the throughput into Zones
4,5,and 6.

Scale-up
Preliminary tests were conducted to
investigate scale-up of a rotating
cone fractionator at a constant flow
rate of 2.6 X 10> m3/s. Cones (30°
cone angle, 20-mesh surface rough-
ness) of 120-mm and 180-mm diame-
ter were rotated at 670 and 450 rpm,
respectively. Figure 13 shows the
fiber fractionation results. The varia-
tion in fiber length with zone loca-
tion was the same for both cones, as
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seen in Fig. 13a. Similarly, a comparison based on the cu-
mulative fractions collected (Fig. 13b) shows that both
cones provided similar fractionation performance. The
values of AL for the 120- and 180-mm diameter cones
were 0.155 and 0.148 mm, respectively, also indicating
similar fractionation performance. The rotational speeds
for the two cones were selected in such a way that the
ratio of their tip speeds was constant. At a given flow
rate, the fractionation performance for the two cones
was similar, suggesting the possibility of scale-up on the
basis of constant tip speed. However, a detailed investi-
gation is in progress to develop suitable scale-up criteria
for the rotating cone fractionator.

CONCLUSIONS
A laboratory study of a rotating-cone fractionator led to
the following conclusions:

1. Fractionation performance was improved by aligning
the first zone of the collection assembly with the dis-
persed spray originating from the transition boundary
at the cone rim.

2. A rotating cone with a rough surface gave better fiber
fractionation performance than a rotating cone with a
smooth surface. In the present study, a roughness of
20-mesh sieve provided the best fiber fractionation
performance.

3. A cone angle of 30° gave the best fractionation per-
formance.

4. The design of the feed distributor influenced fiber
fractionation performance. An elliptical feed distribu-
tor, with a large opening area placed off-center to the
axis of rotation, gave slightly better fiber fractionation
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13. a: Average fiber length in the six collection zones and b: frac-
tionation performance for two combinations of cone diameter
and rotational speed

performance than a circular distributor.

5. Flow rates into Zones 4, 5, and 6 (shortest fiber
lengths) were insensitive to the feed flow rate and
cone rotational speed.

6. At constant flow rate, the rotational speed required to
achieve a similar fractionation performance decreased
with increasing cone diameter. The current results in-
dicate a scale-up criterion based on a constant tip
speed. However, a detailed investigation is necessary
to substantiate this. T)
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MECHANICAL PULPING

D

AL

L
n

N

NOMENCLATURE Q
= cone diameter, mm

= vertical height of feed pipe r
(as shown in Fig. 3), mm

= fiber length, mm
= arithmetic mean fiber length, '

= length-weighted mean fiber
length, mm %

= length-weighted mean fiber X
length of all six zones (as
defined by Eq. 4), mm

= weight-weighted mean fiber
length, mm a

= extent of fractionation, mm
= fiber count

= cone rotational angular ve- g
locity, rpm

Z,toZ,= zone numbers of collection

= volumetric flow rate of feed
suspension, ffs

= distance in the radial direc-
tion from the axis of rota-
tion, mm

= radial distance of feed pipe
from the axis of rotation (as
shown in Fig. 3), mm

= weight fraction of feed
fibers collected inth zone

= consistency of pulp, % w/w

assembly

= angle between angular loca
tion of feed pipe and transir
tion boundary (as shown in
Fig. 2a), degrees

= cone angle (as shown in
Fig. 3), degrees
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