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ABSTRACT

The power consumption in the low consistency (LC) refining is an important indicator for the optimal control of
the process and it is composed of the net power and the no-load power. The refining efficiency and process characterization
of LC refining are directly affected by power consumption. In this paper, the effect of pulp consistency and average
fiber length on the power consumption and refining efficiency were studied through the LC refining trials conducted
by an experimental disc refiner. It is found that the curve of power-gap clearance can be divided into constant power
section, power reduction section, and power increase section. And the no-load power and the adjustable domain of
loading applied by the refining plates will increase as the increase of pulp consistency, while the increase of net power
is larger than that of no-load power which makes the increasing of refining efficiency. Meanwhile, the adjustable domain
of loading applied by the refining plates can be slightly improved by increasing the average fiber length, but its effect
on the no-load power in the LC refining process can be neglected. The study of power consumption in LC refining
is of positive significance for the proper selection of pulp properties in LC refining, in-depth exploration of refining
mechanism, and energy consumption reduction in refining.
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1. INTRODUCTION

The low consistency (LC) refining is an important
operating unit for the modification of the properties
of pulp and fibers. Disc refiner is the widely used
equipment for pulp refining, and the raw materials

werefed into the rotating refining zone composed of

rotor and stator. Meanwhile, it would undergo complex
forces, such as normal force, shear force, and corner
force (Gharehkhania et al., 2015), applied by the
plates with a special bar profile, for the adjustment
of the structure and properties. During the normal re-
fining process, the mechanical energy was transmitted

from the main shaft to the refining zone and then com-
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pletely converted into fiber modification energy and
heat (Lundin ez al., 2009). The power consumption in
LC pulp refining is composed of the no-load power,
maintaining the normal operation of disc refiner with
pulp, and the net power used for the fiber modi-
fication.

LC refining process is usually characterized by the
refining intensity, such as specific edge load (SEL)
(Wultsch and Flucher, 1958), specific surface load
(SSL) (Lumiainen 1990), net normal force or tangen-
tial force per crossing point (Roux et al., 2009), etc.
Most of them are calculated based on the net power,
obtained by subtracting the no-load power from the
total power (Jorge et al., 2019), which indicates the
accurate measurement of the net power is important
for the precise control of the LC refining. So the de-
tection of the net power can be transformed into the
measurement of the no-load power and total power.
Meanwhile, the optimal control of refining efficiency
and quality of LC refining can be obtained by re-
ducing the no-load power. The no-load power of LC
refining is approximately in the range of 20% to 50%
of the total power (Lumiainen, 1994), related to the
types of the refining equipment, plate size, and other
parameters. The definition, calculation, and measure-
ment methods of the no-load power can be obtained
in the previous studies (Liu et al., 2020).

Plate size, rotation speed, the pulp properties, and
bar parameters of refining plates are the main factors
that affect the power consumption during LC refining.
The no-load power of disc refiner in LC refining in-
crease with the increasing of the plate diameter (Rajabi
Nasab et al., 2013; Banks, 1967), and the net power
is proportional to the rotation speed of the plates,
while the no-load power is proportional to the cube
of it (Ragnar, 1970). The pulp properties, such as pulp
consistency, pulp type, etc., would affect the power
consumption and the impact performance on pulp in

the LC refining. The no-load power of disc refiner fill-

ing with water and other pulps was compared pre-
viously (Lundin, 2008; Luukkonen, 2011; Bordin et
al., 2008), however, few studies exploring the effect
of the fiber length and pulp consistency on power con-
sumption and refining efficiency was found.

The objective of this study is to explore the effect
of pulp properties, such as pulp consistency and aver-
age fiber length, on the refining efficiency and power
consumption in LC refining. Water and three types of
pulp with different pulp consistency were used to fill
the refining zone for the power consumption study.
And the no-load power, power consumption, and refin-

ing efficiency of different trials were analyzed.

2. MATERIALS and METHODS

2.1. Raw materials

In the refining trials, bleached sulphate eucalyptus
pulpboard (HW), unbleached kraft pulpboard (SW),
and water were used as the raw material. And the ex-
perimental materials were made by mixing two types
of board, hardwood and softwood pulp, in different
ratios, as shown in Table 1. Besides, the beating de-
gree of unbleached kraft pulp is 13°SR. After that, the
mixed pulp board was soaked in distilled water for
2 h and then dissipated by a pulp disintegrator PD10
(Techlab Systems, San Sebastian, Spain), and its con-

sistency was adjusted to 1%, 2%, and 3%.

2.2. Experimental methods

2.2.1. MD3000 single—disc refiner

The LC refining trials were performed through a
MD3000 single-disc experimental refiner (Regmed,
Osasco, Brazil), as shown in Fig. 1. During LC refining,
the pulp flow rate is in the range of 4.3~4.6 m*h and
the temperature of the pulp used in the trials is 20°C.
All trials were conducted using an isometric straight

bar plate (Fig. 2), directly processed by Nantong
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Table 1. The trials’ code and the pulp properties used in this study

Tcr(i;l:’ Pulp type Mixed ratio Length;iv;:iglll:lzﬂ?verage Beating degree Pulp consistency
1 water / / / /
2 1%
3 HW 100% 0.92 mm 12°SR 2%
4 3%
5 1%
6 HW : SW 4:1 1.22 mm 13°SR 2%
7 3%
8 1%
9 HW : SW 3:2 1.52 mm 13°SR 2%
10 3%

Tank

R

Disc refiner

3

i
|
|
| ‘
|
Fig. 1. MD3000 single-disc experimental refiner.
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PSR Press
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; Sampling valve

Huayan Casting Co., Ltd. (Nantong, China) through
the computer numerical control (CNC) machine tools
(X6132; Shenzhen Dima Co., Ltd., Shenzhen, China)
at a constant speed (1460 rpm).

2.2.2. Data collection

During the LC refining, the data of power con-
sumption was collected by adjusting gap clearance in
the range of 0 mm to 5 mm. And the no-load power
should be measured by its definition, actually, two

general definitions of no-load power in LC refining

Fig. 2. Isometric straight bar plate“2-3-4-5”.

existed (Liu ef al., 2020). While the first one refers
to the power consumption which isn’t used for fiber
modification, and it can be measured by the critical
power when the gap clearance is fixed at a critical
value. And another refers to the minimum energy con-
sumption required to run the refiner filling of pulp.
According to the first definition, the no-load power
can be measured by the power at the critical gap
(Roux, 2001), but it is difficult to determine the pre-
cise value of a critical gap. For another, the no-load

power can be measured by adjusting the gap clearance

- 871 -



Huan LIU - Jixian DONG - Kai QI * Xiya GUO - Ying YAN - Lijie QIAO - Chuanwu DUAN - Zhiming ZHAO

sufficient large, usually larger than 2.5 mm, when the
refining zone is filled with pulp (Rajabi Nasab et al.,

2013), and it was concerned in this study.

3. RESULTS and DISCUSSION

3.1. Power consumption—gap clearance
curve

The power consumption of the refining process fil-
led with water and different pulps under different gap
clearances were explored in this study. And it was
found three sections of constant power, power reduc-
tion, and power increase section existed when the gap
clearance was adjusted in the range of 0 mm to Smm
during refining, as shown in Fig. 3, which is basically
consistent with the conclusion of the previous study,
as shown in Fig. 4 (Bordin et al., 2008).

The power constant section refers to the region of
constant power consumption of LC refining when the
gap clearance is larger than 2 mm. The power in that
section is almost maintained constant due to the small
fluctuations of the load under the condition of large
gap clearance. While the section on power reduction,
refers to the refining process with gap clearance in the

range of 0.5 mm to 2 mm, the power consumption

Total power consumption /KW

|
I
|
I
|
[l
|
"

Gap clearance /mm

Fig. 3. The relationship between the total power and
gap clearance in disc refiner filling with water.

| Gap decreasing
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Fig. 4. The size of no-load power while gap
decreasing (Bordin et al., 2008).

decrease with the decreasing of gap due to that the
power change is sensitive to the amount of pulp in
the refining zone compared to that of the constant
power section. Both the constant power and the power
reduction section are the no-load stage for a relatively
small change of power consumption. However, in the
power increase section, the mechanical force applied
by plates directly act on the pulp when the gap is less
than the critical gap clearance. Therefore, the friction
between the bar and fibers increases sharply with the
reduction of the gap clearance, and most of the energy
in this section was used for the modification of fiber
properties. The effective refining in LC refining
should be conducted in the power increase section ac-

cording to the requirements of the pulp properties.

3.2. Power consumption and pulp
consistency

Pulp consistency is one of the key parameters of
the raw pulp in pulp refining, and it is generally in
the range of 2% to 6% during the LC refining process
(Roux, 2001). In this paper, three mixed pulps were
used to explore the effect of pulp consistency on the
power consumption in LC refining, as shown in Fig.

5. Through analyzing the power consumption of the

- 872 -



Effect of Pulp Properties on the Power Consumption in Low Consistency Refining

8.0+
1
——2
7.5 a3
—v—4
7.04

—x 4.728 kW
E— 4.656 kW

Total power/kW
(&
1
i —a
. <

Gap clearance/mm

(a) Hardwood pulp and water

8.0+
7.54

7.04

PP b

6.5

6.0

o

®
PP

5547

Total power/kW

5.0

$

8.0

7.5+

7.04

6.5

6.0

5.5

Total power/kW

P S T e
> rg—A

5.0+

45

4.0 T

Gap clearance/mm

(b) Mixed pulp at ratio of 1:4

—e—38
A9
—v—10

4.5+

4.0 T

Gap clearance/mm

(¢) Mixed pulp at ratio of 2:3
Fig. 5. Effect of pulp consistency on the power consumption in LC refining.

constant power section in different refining processes,
it can be found the no-load power of the LC refining
process increases with the increase of the pulp con-
sistency. The mechanical loss power of the refining
plate used in this study was measured by the idle rota-
tion and it maintained 3.916 kW. This means that the
sum of pulp pumping and hydraulic loss power in LC
refining increases with the increase of the pulp
consistency.

The impact performance of plate on pulp can be
characterized by the critical gap clearance and the
power increase, related to the no-load power, during
LC refining. As shown in Fig. 5(a), the critical gap

clearance of LC refining gradually increases with the

increase of the pulp consistency, which means that the
loading ability of the refining plates can be improved
through the increasing of pulp consistency. While the
power increase reflects the domain of power adjust-
ment in an efficient refining region during LC refining.
As shown in Fig. 5(c), the power increase of trials
8, 9, and 10 are 1.77, 2.52, and 3.31 kW, respectively,
which means that the power increase, or the adjustable
range of power consumption, is larger when the pulp
was refined in a higher consistency. However, the
power increase of refining filled with water is 3.35
kW, which is greater than the power increase of all
other trials. The water has better fluidity and it is diffi-

cult to carry large loads, therefore, the direct friction
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Fig. 6. Effect of pulp consistency on the refining
efficiency of hardwood pulp refining.

between the rotor bars and stator bars was produced
due to the poor withstand load ability of water.
The refining efficiency, described by the ratio of net
power and total power, is a key indicator to measure
the energy consumption in LC refining, however, it
was less concerned with actual refining. The refining
efficiency of industrial refiners is generally higher
than 75%, while that of experimental disc refiners is
relatively lower, generally in the range of 35% to 50%
(Bordin et al., 2008). In this paper, the refining effi-
ciency of trials 2, 3, and 4 was analyzed when the
gap clearance is in the range of 0 to 0.4 mm, as shown
in Fig. 6, it is found that the refining efficiency of LC
refining gradually increases as the plate gap clearance
decreases. Meanwhile, the refining efficiency would
be affected by the pulp consistency, the higher the
pulp consistency, the higher the refining efficiency of
LC refining, which is basically consistent with the
conclusion obtained by the analysis of load capacity.
While it is necessary to select the proper pulp con-

sistency according to the actual process requirements.

3.3. Power consumption and average
fiber length

The beating degree and wet weight of the pulp are

the two important parameters to measure the pulp

quality (He, 2010; Guo et al., 2020). The initial beat-
ing degree of pulp studied in this paper is basically
the same, and three types of mixed pulp with different
fiber lengths were used to explore the influence of the
average fiber length on the power consumption and
refining efficiency in the LC refining process. The ef-
fect of fiber length on refining efficiency seems to be
greater compared to other fiber morphological parame-
ters, such as fiber width, fiber thickness, fiber internal
and external fibrillation, in the view of the experience.
So some fiber morphological parameters, which
strongly affect the paper and paper properties, were
neglected in the exploration of power consumption
and refining efficiency in this paper.

The average fiber length of pulp will directly affect
the power consumption in the LC refining, as shown
in Fig. 7. Through the analysis of the power con-
sumption in the constant power section, it was found
there is a slight effect of fiber length on no-load power
when the pulp consistency is 1%, but almost no effect
on the others, as shown in Fig. 8. In addition, the pow-
er increase in the efficient refining region slightly in-
creases with the increase of the average fiber length,
which means the longer fiber pulp refining is benefi-
cial to increase the load capacity of the refining plates
in the LC refining process. As shown in Fig. 7(b), the
power increase, related to the no-load power, for the
refining process of three types of pulps with fiber
lengths of 0.92, 1.22, and 1.52 mm, are 2.06, 2.22,
and 2.52 kW, which is much less than the effect of
the pulp consistency. Therefore, it is difficult to effec-
tively adjust the impact ability of the disc refiner by
increasing the average fiber length in the LC refining.

In this study, the refining efficiency of trials 4, 7,
and 10 when the gap clearance is in the range of 0
to 0.5 mm were analyzed, as shown in Fig. 9. It was
found that the refining efficiency of the LC refining
process decreases with the increasing of the gap clear-

ance, and it will be slightly higher when the pulp with
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in LC refining.
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efficiency in LC refining (with pulp consistency of
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- 875 -



Huan LIU - Jixian DONG - Kai QI * Xiya GUO - Ying YAN - Lijie QIAO - Chuanwu DUAN - Zhiming ZHAO

longer fiber length was refined. However, the increas-
ing rate of refining efficiency influenced by the aver-
age fiber length is much lower than that of pulp con-
sistency in the LC refining process. The effect of other
fiber morphological properties on the power con-
sumption and refining efficiency in LC refining should
be further studied.

4., CONCLUSION

In this paper, the effects of pulp consistency and
average fiber length on the power consumption and
refining efficiency of the low consistency refining
process were studied, and the main conclusions are as
follows.

1. The power consumption of LC refining is closely
related to the gap clearance. And the change of power
consumption can be divided into three sections, con-
stant power section, power reduction section, and
power increase section, according to the gap clearance.
The no-load power can be characterized by the power
in the constant power section, and the power change
in the reduction section is really small which can be
ignored. Meanwhile, the characterization of the begin-
ning of efficient refining can be expressed by the crit-
ical gap clearance.

2. The pulp consistency has a greater influence on
power consumption and refining efficiency in the LC
refining. The no-load power and the critical gap clear-
ance gradually increase with the increase of the pulp
consistency during the refining process. And the ad-
justable domain of the impact performance can be
properly improved by reasonably determining the pulp
consistency, which is the benefit to the reduction of
energy consumption in LC refining.

3. Compared with the pulp consistency, there is a
sight effect of the average fiber length on the power
consumption and refining efficiency in LC refining.

And the effect of it on the no-load power of the refin-

ing can be neglected, while the adjustable domain of
the impact performance of the LC refining process and
refining efficiency would be larger when the long fi-

bers were refined.
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