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Processing of Industrial Hemp into
Papermaking Pulps Intended for Bleaching
Abstract
Research was conducted into obtaining fibrous semi-manufactured products for subsequent
bleaching from industrial hemp stalks, hemp wood, and hemp bast fibres. The course of delignification of these kinds of fibrous raw materials in the kraft pulping process was investigated. It was found that there are differences in this process due to significant differences
in the chemical composition of hemp stalks, hemp wood, and hemp bast fibres. In the case
of hemp bast fibres, an attempt at oxygen delignification was made with the omission of the
pulping process. Attempts were also made to carry out the joint pulping of industrial hemp
and wood. It was shown that when industrial hemp and wood are pulped together, they are
delignified similarly to that during separate processes.
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Introduction
The increase in paper production, as well
as stricter environmental protection regulations and the decreasing area of forest
per capita can make it difficult to obtain
a classic raw material (i.e. wood) for papermaking in the future. Therefore, wood
economy has long been the subject of research aiming at increasing the yield of
fibrous semi-manufactured products by
improving the selectivity of wood delignification and the stability of polysaccharides, which has resulted in, among other
things, technology using polysulfides and
anthraquinone. These solutions facilitate
more rational wood processing. However, a relatively low increase in the pulp
yield obtained from wood using these
methods (2-4%) seems to be unable to
solve the problem of a possible shortage
of wood raw material for papermaking in
the future.
Thus investigations searching for additional amounts of fibres for papermaking are now focused on the development
of rapidly growing plantations of trees,
increasing the degree of waste paper
recycling, and greater use of non-wood
plants. As for the use of non-wood plants
in papermaking, industrial hemp has a
certain potential [1], for which the annual
production of fibres per hectare of cultivation ranges from 5 to 15 t, rising to10 t
in Polish climate conditions [4].
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Industrial hemp is an annual plant generally cultivated for use in the textile
industry [5, 6]. Worldwide industrial
hemp is defined as plants of the Cannabis sativa species with a < 0.2% content
of tetrahydrocannabinols (psychoactive
substance), which makes such plants
unsuitable for narcotic purposes. In Poland three varieties of this kind of plant
are registered: białobrzeska, beniko, and
silesia, all of which are cultivated at the
Institute of Natural Fibres in Poznań [7].
As shown in the literature, the use of
industrial hemp is considered for paper
production [8]. Research done into the
application of industrial hemp for papermaking purposes also concerns the technological aspects of such a process. High
activity in this area is shown by Canadian
researchers [9-11], whose research has
concerned, among other things, the evaluation of the chemical composition of industrial hemp, the anatomic structure and
cell morphology of the Canadian variety
of this plant, and also the technological
aspects of processing industrial hemp
into unbleached papermaking pulps. Research into the application of industrial
hemp for papermaking purposes is also
conducted in such countries as England,
France, Germany [8], Holland [12], and
Australia [13]. In Poland the question of
processing industrial hemp into bleached
papermaking pulps by chemithermomechanical methods has been undertaken
by workers of the Pulp&Paper Reaserch
Institute and two patents for methods
developed by these authors have been
granted [14, 15].
Lately research has also been conducted
at the Institute of Papermaking and Printing of the Technical University of Lodz
to determine the possibility of replacing
a part of classical semi-manufactured
products used for the manufacturing of

graphic woodfree papers, that is, bleached
pulps from wood, with other semi-manufactured products, such as bleached pulps
from waste paper and annual plants.
This work presents the results of research on the preliminary delignification of fibrous raw material obtained
from a Polish variety of industrial hemp,
namely the stalks of this plant, ‘wood’,
and hemp bast fibres by the method commonly used in papermaking for the production of pulps from birch- and pine
wood (the kraft cooking method) and
also by the oxygen delignification (hemp
bast fibres). The results presented may
have significance for the creation of a
theoretical basis for the process of the
delignification of industrial hemp raw
materials and could also be useful when
determining conditions and parameters
for the delignification of mixtures of
wood and hemp raw materials, that is,
in the use of hemp raw materials as an
additive in the processing of wood into
papermaking pulps.

Experimental
Three kinds of hemp raw materials were
used in the research: dry stalks of Cannabis sativa L. hemp of the białobrzeska
variety cut into 3-6 mm segments (Hs36), hemp wood (Hw), and hemp bast fibres separated from hemp stalks using
the retting, decortication, and cleaning
processes. All the hemp raw materials
used in the research came from the Institute of Natural Fibres in Poznan. Two
types of hemp wood were used in the
investigations: wood from hemp stalks
not treated by the retting process (Hwnr), and wood from hemp stalks treated
by the retting process (Hw-r). Retting is
a special treatment of hemp stalks aimed
at dissolving vegetable mucilage (pectin)
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to facilitate the separation of bast fibres
from one another and from wood. As for
the hemp bast fibres, the kappa number
of these fibres was 20.4. They were cut
into approximately 3 mm segments using
a paper cutter before being processed and
marked as Hbf3. All the hemp raw materials used in the research are presented in
Figure 1.
The second kind of raw material used
in the investigations was birch wood
(Betula verucosa) and pine wood (Pinus
silvestris) in the form of industrial chips.

Cut hemp stalks (Hs3-6)

Hemp wood (Hw-nr)

Hemp wood (Hw-r)

Uncut and cut hemp bast fibres (Hbf3)

Pulping process
The pulping of the hemp raw materials
and birch- and pine wood chips was carried out in a Santasalo-Sohlberg rotary
digester with 300 mL autoclaves. The
birch- and pine chips were screened, and
the fractions which passed f 23 mm was
retained on the 13 mm openings of the
sieves of the laboratory sorting machine
used, after being additionally sorted by
hand to remove knots and bark. The active alkali charges were within the range
4-26% (on o.d. fibres or wood), respectively. For cooking, the sulfidity of the
pulping liquor was 25%. The liquor-towood ratio was 5:1 for hemp stalks and
hemp wood and 6:1 for hemp bast fibres.
In all the cooking tests the temperature
was raised to 165°C in 90 min and held
at 165°C for 90 min. After cooking, the
chips were washed first on wire mesh
and then by diffusion with deionised water for 24 h and finally disintegrated. The
pulp was then centrifuged and, after its
dryness had been determined, stored in
closed polyethylene bags under wet conditions in a refrigerator.
The results for the pulping process of
birch- and pine wood presented in Figures 2, 3 & 6, were obtained from research performed within the framework
of our other investigation.
In this work, experiments on the common pulping of birch- or pine wood with
hemp stalks were also performed, the
results of which are presented in Figures 6 & 7. The time, temperature and
liquid-to-wood ratios in these experiments were the same as in the case of
the delignification process of birch- and
pine wood.
The amounts of active alkali used in the
experiments, the results of which are presented in Figure 7, in which birch- and
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Figure 1. Fibrous raw materials used in the research.

pine wood were used, were 19 and 23%
for oven-dried wood, respectively.

Oxygen delignification
Only hemp bast fibres delignified with
oxygen in alkaline media were considered
in this work. A Jayme reactor was used
to delignify pulps using this method. In
all the experiments, the amount of hemp
bast fibres used in the oxygen delignification stage (oven-dry basis) was 40 g. The
experiments were carried out at a consistency of 8% and oxygen pressure of 0.6
MPa at 100 °C. At the beginning of each
experiment, a 0.1% charge (on oven-dried
pulp) of MgSO4 was first dissolved in an
amount of water, mixed with the pulp,
and then an NaOH charge (on oven-dried
fibres) was added together with the rest
of the water. The pulp was mixed with
chemicals, placed in the reactor, and oxygen pressure was applied. After 60 min of
delignification, the pressure was released,
the reactor opened, and the pulp was discharged, filtered, washed with four portions of 1000 ml deionised water and put
in a new plastic bag for further treatment.

Analytical
Cellulose, lignin, ash, and the extractive
contents in the wood were determined
according to PN-92/P-50092 (‘Wood.
Chemical analysis’). In this standard,
cellulose is obtained according to the
method described by Seifert [16], while

the attainment of acid insoluble lignin,
ash, and extractives is undertaken
according to Tappi Standards T 222
om-83, T 211 om-85, and T 280 pt-99,
respectively. The Kappa number of the
pulps was determined according to the
standard method PN-85/P-50095/02
(eqv. ISO 302-1981).

Results and discussion
The main goal of the pulping process
of fibrous raw materials is to obtain a
semi-manufactured product characterised by a low reject content and content
of residual lignin required for further
processes, namely oxygen delignification and bleaching, Such properties of
pulps are usually obtained at a residual
lignin content corresponding to a Kappa
number of 20-30. In the first part of our
research, the susceptibility of industrial
hemp to delignification with kraft cooking liquor containing NaOH and Na2S
dissolved in water was investigated and
the results compared with the susceptibility of birch- and pine wood to delignification with the same liquor.
As mentioned in the experimental section, the following raw materials were
used in the investigations: hemp stalks
cut into 3-6 mm long pieces (Hs3-6),
hemp wood obtained from hemp stalks
not subjected- and subjected to the retting process (Hw-nr and Hw-r, respectively), and hemp bast fibres obtained
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from hemp stalks subjected to retting
(Hbf3) (Figure 1). The results of investigations of the susceptibility of these raw
materials to delignification with kraft
liquor are shown in Figure 2 (see page
106). All pulping operations were carried
out under the same conditions (time, temperature); the variable parameters were
the amount of active alkali added and the
liquid-to-wood ratio
The data presented in Figure 2 indicate that in order to obtain a pulp with
a Kappa number of 20-30 from hemp
stalks (Hs3-6), it is necessary to use
14.5-15.5% active alkali in relation to
an oven-dried mass of raw material in
the kraft pulping process. Thus, the susceptibility of this raw material to delignification with kraft liquor is better than
that of birch wood and much better than
that of pine wood.
The susceptibility of hemp wood to delignification using kraft liquor was determined as well. As shown in Figure 2,
both raw materials required more active
alkali than hemp stalks (Hs3-6) to reach
a Kappa number of 25-30. Figure 2 also
shows that the susceptibility to pulping
of hemp wood obtained from hemp stalks
not subjected to retting (Hw-nr) was
comparable to that of birch wood, while
that obtained from hemp stalks treated by
retting (Hw-r) was much worse than that
of birch wood and comparable to that of
pine wood. This indicates that the retting
process has a negative effect on the susceptibility of hemp wood to delignification with kraft cooking liquor.
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Figure 2. Relationship between the Kappa number and the amount
of active alkali added in the process of the delignification of hemp
raw materials and birch and pine wood.
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From among all the raw materials used
in the investigations, pulp from industrial
hemp bast (Hbf3) is characterised by the
highest yield. As already mentioned, this
raw material is characterised by a Kappa
number of 20.4 in the initial condition.
However, Figure 3 shows that the treatment of hemp bast with kraft cooking
liquor, even with a small amount of ac-
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As regards yield, pulp from the inner
parts of hemp stalks, that is, hemp wood,
gives worse results in comparison with
pulp from industrial hemp stalks. It can
be stated that the yield at a Kappa number
of 25 is 5-9% lower in comparison with
that of birch pulp. According to Figure 3,
this difference is smaller in the case of
pulp from hemp wood obtained from
hemp stalks not subjected to the retting
process (nr), which also indicates that as
far as the yield processing of such hemp
wood is concerned, this gives better results than the processing of hemp wood
from stalks subjected to retting (Hw-r).
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The data presented in Figure 3 show that
pulp from hemp stalks (Hs3-6) at a Kappa number of 20 is characterised by a 5%
higher yield than that from birch wood,
and at a Kappa number of 30 – by an approximately 14% higher yield than that
from pine wood.

The yield of semi-manufactured products
from a unit weight of raw material is a
very important factor defining the profitable of processing a given raw material
into bleached pulp. Figure 3 shows values of this index for pulps in the pulping
process of hemp raw materials and wood

Hw-nr

100

for comparison. These results were compared to those for the yield of pulps from
birch- and pine wood in a typical range of
Kappa numbers for hardwood and softwood pulps intended for bleaching, that
is, 20-30.

Figure 2 shows that even when using
14% active alkali in relation to ovendried fibres it was possible to decrease
the Kappa number only to a level of 8
units. The curve of bast fibre delignification shows that these fibres are hard to
delignify with kraft cooking liquor, and
its inclination angle suggests that the
course of Kappa number variations from
the very beginning of the delignification
corresponds to the so-called residual
delignification stage encountered in the
process of wood delignification, which
distinguishes the course of the delignification of hemp bast fibres from that of
the delignification of the remaining raw
materials used in the research, in which
the phase of residual delignification appears in the final phase of delignification
(Figure 2).
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Hemp bast fibres separated from stalks
proved to constitute a special case. These
fibres are characterised by a Kappa number of 20.4 in the initial condition, which
would indicate the possibility of processing them into bleached pulps by oxygen
delignification and bleaching with the
omission of the pulping process. However, in this study, a series of experiments
on the kraft pulping of bast fibres was
conducted as well.
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Figure 3. Comparison of pulp yields from industrial hemp raw
materials and conventional ones from wood at their different
pulping levels.
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tive alkali (e.g. 4% in relation to the bast
fibre weight), results in a decrease in pulp
yield to approximately 73-74%, suggesting that at high temperature and under
the influence of the components of kraft
liquor, the considerable amount of carbohydrates contained in hemp bast fibres
dissolves.
Differences in the susceptibility to pulping and in the yields of pulps from a unit
weight of the raw materials investigated may result from the content of their
chemical components; above all, cellulose and lignin. The results of such determinations are presented in Table 1.
The data in Table 1 show that hemp stalks
are characterised by a higher content
of cellulose, determined by the Seifert
method, in comparison with both birchand pine wood, which mainly results
from the high content of this component
(71.7%) in the bast part of the plant and
not in the woody part, because in the latter the content of cellulose is at the less
beneficial level of approximately 36%,
demonstrating that the content of cellulose in the woody part of hemp stalks is
relatively low. A similar content of cellulose in hemp wood of the Canadian
variety of industrial hemp (33.4%) was
obtained by Canadian authors [11].
The content of cellulose affects the yield
of pulp from the raw material, while the
lignin content is essential mainly from
the point of view of the evaluation of the
susceptibility of a given raw material to
pulping. As the data in Table 1 show, a
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lower content of lignin (4%) was found
in hemp bast fibres. In turn, in the case
of hemp wood, it was ca. 27%, which
was close to the content of lignin in pine
wood. The content of this constituent in
hemp stalks was approximately 18%,
which explains the better susceptibility
of hemp stalks to kraft pulping in comparison with birch and pine wood, as
stated above.
The content of extractives and mineral
substances in the raw materials investigated was determined as well. The data
in Table 1 show that the content of substances extracted by acetone in hemp raw
materials was at a lower level than in the
case of birch- and pine wood.
Apart from cellulose, lignin, extractives,
and inorganic substances, industrial
hemp also contains a certain amount of
lower polymerised carbohydrates than
that of cellulose, that is, hemicelluloses
and pectins. In this work their content
was calculated by subtracting the sum of
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the contents of cellulose, lignin, extractives, and ash from 100%. As the data in
Table 1 show, the content of these substances in hemp stalks and hemp wood is
approximately the same as that in birch
wood (32.5-34.3%), while in hemp bast
fibres it is considerably lower (ca. 22%).
The fibrous form and low initial Kappa
number of hemp bast fibres (20.4) as well
as the low yield of pulp from these fibres
in the process of kraft pulping (Figure 3)
encouraged the authors to investigate the
possibility of obtaining pulps of the pulping degree required prior to bleaching the
raw material by treating it with oxygen in
an alkaline environment, that is, without
the kraft pulping process. The aim was
to decrease the content of lignin in hemp
bast fibres to a level corresponding to a
Kappa number of 10-12. The results of
these investigations are presented in Figure 4.
As Figure 4 shows, hemp bast fibres are
delignified with oxygen very well. Pulp
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Table 1. Chemical characteristics of the raw materials used in the research
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Figure 4. Variations in the Kappa number of hemp bast fibres in the
oxygen delignification process depending on the amount of NaOH
used.
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Figure 5. Yield of hemp bast fibres in the process of their oxygen
delignification compared with that in the process of delignification
with kraft cooking liquor.
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An important argument for selecting oxygen delignification as a process in which
pulp from hemp bast fibres is prepared
for bleaching could be their higher yield
in comparison with that in the process of
their delignification with kraft liquor. Figure 5 (see page 113) shows changes in this
index as a function of the Kappa number.
At the level of lignin content defined by
a Kappa number of 10, as shown in Figure 5, the yield of pulp from bast fibres
amounts to 89%, which is approximately
24% more than in the case of the kraft
pulping process. Oxygen delignification is thus a more favourable method of
delignifying hemp bast fibres in order to
prepare them for bleaching than the kraft
pulping process.
Further work concerned the joint pulping
of wood and hemp stalks (Hs3-6) using the
kraft pulping method. In industry the simplest method of using raw materials in the
form of cut hemp stalks seems to be processing them together with wood chips.
Pulping tests were carried out in the autoclaves of a Santasalo-Sohlberg digester
in which wood and non-wood raw materials were separated from each other
with net baffles. It was assumed that the
content of the autoclaves would be, by
weight, 80% wood chips (pine or birch)
and 20% hemp stalks.
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In the first part of these investigations,
the authors determined the effect of joint
pulping birch- and pine wood chips with
hemp stalks Kappa number of pulps
from the individual raw materials and
compared it with the Kappa number of
raw materials obtained in the process of
separate cooking (Figure 6). Denotations
B(+Hs3-6) and P(+Hs3-6) indicate the
Kappa numbers of birch- and pine pulp
obtained in the joint pulping of birch- or
pine wood chips, respectively, with hemp
stalks, while Hs3-6(+B) and Hs3-6(+P)
indicate the Kappa numbers of hemp
stalk pulp obtained from the common
cooking of hemp stalks with birch- or
pine wood chips, respectively. The bro�ken lines mark the Kappa numbers of the
individual raw materials obtained during
separate pulping.
Analysis of these results allows to state
that the joint pulping of wood and cut
hemp stalks (Hs3-6) results in a pulping degree that is approximately similar
to that obtained during separate pulping.
Figure 6 shows that the curves illustrating the interrelation of the Kappa number
and amount of active alkali used for pine
wood (P) and birch wood (B) in pulping
are almost identical to those illustrating
the joint pulping of these raw materials
with hemp stalks, marked as B(+Hs3-6)
and P(+Hs3-6).
Figure 6 also shows that the Kappa number of industrial hemp pulped together
with wood is between 15 and 20 units,
which is slightly higher than in the case
of the separate pulping of this raw ma-
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Industrial hemp raw materials, that is,
hemp stalks, hemp wood, and hemp bast
fibres could be processed into papermaking pulps suitable for bleaching by the
methods used in conventional papermaking raw materials i.e. the wood of trees. In
the case of hemp stalks and hemp wood,
delignification should begin with pulping, in which a similar time and temperature conditions and smaller (hemp stalks)
or comperable (hemp wood) amount of
alkali are used than for birch- and pine
wood, while in the case of hemp bast fibres, due to the low content of lignin in
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Figure 6. Kappa numbers of pulps obtained in the process of joint
pulping wood and hemp stalks.
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Figure 7 shows that the average increases
in the pulp yield in the process of the common pulping of birch- or pine wood with
hemp stalks (with the share of hemp stalks
being 20%) were 2.9 and 2.5%, respectively, in comparison to the pulp yield in
the process of pulping clean wood.
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The pulp yields obtained from the common pulping of birch- or pine wood with
hemp stalks were also determined. These
results are presented in Figure 7. In this
Figure the points Figure at which the
numbers are written represent the average values of yields obtained from triplicate pulping experiments.
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terial. Owing to this, the difference between the Kappa number of hemp and
birch pulps and that of hemp- and pine
pulps decreases. At Kappa numbers of
20 and 30, it amounts to approximately 5
and 15 units, respectively.
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from such fibres with a Kappa number of
10-12 can already be obtained after using
0.9-1.4% NaOH in relation to the mass of
oven-dried fibres.
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Figure 7. Comparison of the yields of pulps in the process of
pulping birch wood, pine wood and mixtures of birch- and pine
wood with hemp stalks.
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this raw material, it can begin with oxygen delignification.
The wood layer of hemp stalks contains
approximately 36% cellulose and 27%
lignin by weight, while hemp bast contains approximately 72% cellulose and
only 4% lignin. As a result, the content
of the components mentioned above in
whole hemp stems takes intermediate
values, that is, approximately 47% cellulose and 18% lignin, thus being more
favourable than in the case of birch- and
pine wood.
The differences in the chemical compositions of wood and hemp bast have a
considerable effect on the susceptibility
to delignification of hemp raw materials
and on the yield of pulp from a mass unit.
Hemp bast is the most easily delignified,
with the highest yield, followed by stalks,
while it is the most difficult to delignify
the wood of hemp stalks.
Taking into consideration the application
of hemp raw materials in papermaking, it
seems that hemp stalks are the most advisable. The yield of hemp stalks in the
kraft pulping process at a Kappa number
of 20 is characterised by an approximately 5% higher yield in comparison to birch
pulp, and at a Kappa number of 30 – by
an approximately 14% higher yield than
pine pulp.
The joint pulping of wood and industrial
hemp stalks results in such pulping degree
of raw materials, which is obtained during
a separate pulping process. Hemp pulps
obtained in joint kraft pulping with wood
at Kappa numbers of 20 or 30 are thus
pulped to a higher degree. The difference
in the Kappa number between these pulps
and those from wood amounts to approximately 5 to 15 Kappa number units.
The average increase in pulp yield in the
process of the common kraft pulping of
birch- or pine wood chips with hemp
stalks (with the share of hemp stalks being 20%) was 2.9 and 2.5%, respectively
in comparison with the pulp yield in the
process of pulping clean birch- and pine
wood.
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