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Abstract: The refining performances of mixed poplar and eucalypt
woodchips (mixture ratio 6:4) were investigated at medium and high
pulp consistency via chemi-mechanical pulping (CMP). The specific
refining energy consumption (SEC), fiber fraction proportion, and
Canadian standard freeness (CSF) were determined to evaluate the effects
of pulp consistency and NaOH dosage on the refining performances
of mixed poplar and eucalypt woodchips. While the dosage of NaOH
for impregnation was maintained constant, the SEC and shive content
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increased with increasing pulp consistency. Different fractions obtained
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from the Bauer-McNett classifier showed that higher pulp consistency
could be expected to yield more long fibers and shive in the stock.
Upon increasing the NaOH dosage, the shive content and SEC reduced
significantly. When the NaOH dosage was increased to 6%, the results
indicated that it was difﬁcult to reduce the shive content to less than 1% at
high pulp consistencies (25%~35%), whereas 0.18% shive fraction could
be achieved at a medium pulp consistency (15%).
Keywords: mixed woodchips; chemi-mechanical pulping; specific refining
energy consumption; pulp consistency; ﬁber characteristics
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As mechanical processes are environmentally friendly and ensure a high utilization

technology;

of raw materials, increasing enterprises in China are investing efforts to regulate
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the material composition and improve processing

in the pulp properties caused by a change in process

techniques as well as equipment, in order to obtain

parameters is of great signiﬁcance for production.

[1]

high-grade paper and paperboard . Compared to the

The aim of this study was to investigate the impact

typical chemical pulping, chemi-mechanical pulping

of process variables, which include the pulp consistency

(CMP) focuses more on the mechanism of fiber

(P C ), a n d t he Na OH d os a g e d ur i n g c hem ic al

separation. The milder the conditions of chemical

impregnation on the pulp properties and specific

pretreatment, the more significant is the mechanical

reﬁning energy consumption (SEC) using mixed poplar

impact action. During chemical pulping, raw materials

and eucalypt woodchips.

that do not undergo full steaming are unwanted
residues, which can be removed through a screener. In
the chemi-mechanical pulp as well as mechanical pulp,
the fibers which are not fully dissociated after strong
reﬁning usually exist in the form of a shive. This type of
ﬁbrous material maintains the basic state of the original
wood, which is stiff and has a smooth surface without
complete external ﬁbrillation due to a lack of sufﬁcient
mechanical action during reﬁning[2]. The shive fraction
(SF) is included in the common part of the long ﬁber
when collecting data through fiber quality analysis
(FQA). However, the shive influences the tensile
index, tear index, and other physical properties of
paper[3].
Owing to a shortage of renewable wood resources
in China, the supply of a single species of woodchips
cannot meet production requirements. Mixed hardwood
materials with different mixture ratios have been
widely applied in the domestic paper industry [4] .
Commercial mixed poplar and eucalypt woodchips are
often used in the chemi-mechanical pulp in the north
of China; its various end products include art paper,
munken paper, lightweight coated paper (LWC), and
linerboard. Considering the practical production status
and technical requirements of a paper mill, a project
based on theoretical and applied technology should
be proposed; this is attracting major focus among
researchers in China and abroad

[5-6]

. The pulp properties

2
2.1

Experimental
Materials

The commercial poplar and eucalypt woodchips used
in this experiment were supplied by Chenming Paper
Group in Shouguang City, China. Chips with a size of
25 mm×20 mm×5 mm were chosen and mixed in
the required proportion, and then stored in a hermetic
plastic bucket in order to balance the water content.
According to the experimental protocol, the mixture
of poplar and eucalypt chips (mixing ratio = 6:4) was
pre-steamed for 20 min before squeezing (extrusion
ratio = 4:1) in order to be fully expanded and to avoid
excessive fiber damage. The impregnation conditions
were: NaOH, 3%~6%; H2O2, 7%; Na2SiO3, 2%; DTPA,
0.5%; temperature, 80℃; retention time, 60 min; liquid
ratio, 1:4. The medium- and high-pulp-consistency
reﬁning was performed using the KRK reﬁner (BR30300CB, manufactured in KUMAGAI RIKI KOGYO
Co. Ltd., Japan). The KRK refiner was a single-disc
model, the outer diameter and inner diameter of the
disc were 305 mm and 130 mm, respectively, and the
reﬁning speed was 3000 r/min. The pulp, after chemical
impregnation, was transported to the refiner chamber
via an adjustable feed screw, which was hand-fed at
a set rate. The disc gap of last refining stage was set
at 0.05 mm. The pulp consistencies were 15%, 25%,

after chemical impregnation and mechanical treatment

and 35%, respectively. During the pulp refining,

are more directly affected by the natural characteristics

the corresponding cumulative refining energy

of raw materials during CMP, compared to the

consumption was recorded for data analysis with

. This influence is complex

four kinds of Canadian standard freenesse (CSF).

in hardwood mixtures, which contain at least two

The ﬂow diagram of the CMP experiment was shown

typical chemical pulp

[7-8]

[5]

different species . Therefore, a study on the variations
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After screening, the screened pulp was fractionated by a
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The controlled variables chosen to be studied in this
investigation were pulp consistency (PC) and NaOH
dosage. All the samples were refined with a gap of
0.05 mm at different pulp consistencies (15%, 25%,
35%). The effects of SEC on the CSF at different pulp
consistencies are presented in Fig.2~ Fig.4. The energy
transferred to the pulp is commonly defined as the
SEC[9]:
SEC=Wnet/mﬁber,
Where, Wnet is the effective (net) refining energy
consumtion (kWh), m is the mass ﬂow of bone dry ﬁber
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Fig.2~Fig.4 show that at the same SEC, a lower pulp
consistency can provide fibers with stronger strength
and more direct friction, which have a positive effect on
obtaining the pulp with lower CSF. This trend is quite
distinct when the NaOH dosage is 6%.
Fig.5 further illustrates the CSF decreases at pulp
consistencies of 15%, 25%, and 35% as a function of
the NaOH dosage increment from 3% to 6%. With
a lower SEC input, higher alkali charge has a better
impact on obtaining the pulp with appropriate CSF due
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to ﬁber softening and swelling ability[10]. Comparing the

fraction (NS), and shive fraction (SF) is illustrated in

three pulp consistency curves (15%, 25%, and 35%) in

Fig.6 and Fig.7. LFF is the total of NS and SF.

Fig.5, the varieties indicate that decreased pulp reﬁning

As shown in Fig.5, the CSF of pulp decreased with

consistency is more likely to obtain the pulp with lower

increasing NaOH dosage, which can be explained by

CSF under consistent pre-impregnation and refining

the effect of the alkali on ﬁber swelling and softening.

conditions (same gap size and reﬁning time).

The aim of this investigation was to study the impact of

As the chemi-mechanical pulp made from hardwood

pulp consistency on the ﬁber and pulp fraction of mixed

mixtures is widely used, it is necessary to determine an

poplar and eucalypt woodchips at different NaOH

appropriate pulp consistency according to the required

dosages.

quality of the target product. By considering the SEC,

21

fiber damage, and equipment capacity, the NaOH

18
LFF/%

dosage and pulp consistency should be optimized to
obtained the pulp with appropriate CSF and lower
energy consumption for commercial operation.

15
12
9

In current chemi-mechanical and mechanical
pulping processes in China, a high-consistency reﬁning

6
15

system is still used according to refining practices
that emphasize on long ﬁber content retention; a 40%
pulp consistency is adopted for producing hardwood

Fig.6

pulps like poplar and eucalyptus pulps in some mills.

10
8

specially designed for softwood. By considering the

6
SF/%

steam generation, steam recovery, and temperature,
more studies will be performed on the applicability of
the high-consistency reﬁning approach. It is extremely

today’s times, where there is acute energy shortage, it
is particularly important for manufacturers to learn and
validate whether the above conclusions are correct and
feasible.
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system for hardwood to guide actual production. In
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necessary to explore a suitable refining condition for

properties in order to establish a theoretical refining
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Effect of pulp consistency on LFF content at different
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However, initially, high-consistency refining was

factors such as the refining efficiency and pulp
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Effect of pulp consistency on SF content at different
NaOH dosages

As shown in Fig.6 and Fig.7, the LFF and SF
content increased with an increase in the pulp
consistency for NaOH dosages of 3%~6%. The fiber
swelling and softening caused by caustic soda promotes
fiber separation. Additionally, the increasing pulp

Impact of pulp consistency on the ﬁber fractions
of mixed poplar and eucalypt pulp

this tendency slightly turned to weak with a higher

Trials were performed at three different pulp

NaOH dosage, especially in the curve representing 6%

consistencies (15%, 25%, 35%) after various NaOH

NaOH dosage.

consistency introduces more shive in the pulp; however,

pretreatments of the mixed poplar and eucalypt

This indicated that caustic soda could efficiently

woodchips. The effect of different treatment conditions

control the shive content in the pulp, particularly at

on the long fiber fraction (LFF), non-shive long fiber

higher consistencies of refining conditions. More
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emphasis should be placed on maintaining the basic

to cause an increase in CSF of pulp, as well as the

amount of NaOH in order to obtain a high-quality

shive and long ﬁber contents at the same pretreatment

product with lower shive content.

conditions. Overall, shive accounted for a relatively

Fig.8~Fig.11 show the various tendencies of relative

small part of the long ﬁber content with higher NaOH

proportions of shive in the long ﬁber with different

dosage. The content of fully refined NS is 11.74%,

pulp consistencies and NaOH dosages from 3% to

slightly higher than that of SF (Fig.8) at 35% pulp

6%.

consistency and 3% NaOH. This indicates that the

An increase in the pulp consistency can be expected
20

pulp consistency was 35%, the LFF content decreased
SF

to 8.74% (lower than 11.74%, Fig.11) at NaOH dosage
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dosage, where it contains more fully separated fibers,
are better than those at a lower NaOH dosage. When
pulp consistency was 35%, the shive content is only

3.43
25
Pulp consistency/%

satisfying the basic requirements for manufacturing
munken paper, LWC, and art paper. Nevertheless, better

6.28

control of the shive content is also important to obtain

35

products with a smoother surface that do not contain

NS

defects, for coating[2].
As discussed previously, the pulp fractions were
inﬂuenced by the process variables, chemical charges,
and pulp consistency during CMP. To incorporate

10

0

this in the production, adjustments should be made to
7.12

7.91

1.84
25
Pulp consistency/%

2.3

6.02
0.35
15

35

maximize the energy efﬁciency for meeting the demand
for the target product quality.

4

Conclusion

In this study, the reﬁning performances of mixed poplar
and eucalypt woodchips (mixture ratio = 6:4) at medium

10

and high pulp consistencies via a chemi-mechanical
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Relative contents of NS and SF at different pulp
consistencies (NaOH dosage=5%)
SF
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Fig.11
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Relative contents of NS and SF at different pulp
consistencies (NaOH dosage=4%)
SF

Hence, the properties of the pulp at 6% NaOH

further decreasing the pulp consistency to 15%, thus
9.87

5

15

Fig. 10

NS

10

accounting for 87% of the LFF.

1.16%. The content of SF decreased to 0.18% with a

20
SF

of 6%, while the increase rate of SF content was
lowered. This increased the content of NS up to 7.58%,

Relative contents of NS and SF at different pulp
consistencies (NaOH dosage=3%)

15

ﬁbers are not fully separated under this condition. When

0.18
15

pulping process were investigated. The results showed
6.52

0.85
25
Pulp consistency/%

7.58

that high-consistency refining retained not only the
higher content of long ﬁber fraction (LFF), but also the

1.16
35

Relative contents of NS and SF at different pulp
consistencies (NaOH dosage=6%)

higher content of shive fraction (SF), demonstrating
that this refining method is not conductive to control
the shive content. Increasing NaOH dosage had a
positive impact on reducing the content of SF and
Vol.4, No.4, 2019
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the specific refining energy consumption (SEC), but

[4]

could not efﬁciently control the SF below 0.5% at high
pulp consistency (25%~35%) with 6% NaOH dosage,
nevertheless, a 0.18% SF could be easily achieved at

[5]

medium pulp consistency (15%). Increasing NaOH
dosage and decreasing pulp consistency would be a
feasible choice for products that have rigorous SF

[6]

requirements when using mixed poplar and eucalypt
woodchips as raw materials.

[7]
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