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THE UTILIZATION OF KIWI (ACTINIDIA DELICIOSA)
PRUNING WASTE FOR KRAFT PAPER PRODUCTION
AND THE EFFECT OF THE BARK ON PAPER
PROPERTIES

In this study, samples of pruning residuals from kiwi (Actinidia deliciosa) with and
without bark were used in order to identify the negative impacts of the bark on pulp
and paper production. The Kraft method was used to cook the samples, and six tests
were conducted, three with bark and three without bark. In the six tests, the active
alkaline/sulfide ratios, temperature, and time were stabilized at 18/22, 170°C and
170 min, respectively. Some of the physical, optical, and mechanical properties of
the unbeaten papers produced at 35 SR° and 50 SR° were compared. For all of the
mechanical properties that were measured, the bark had a negative effect. This
could be explained by the high content of brittle inorganic material in the bark's

fibers.
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Introduction

The world’s population is increasing rapidly, resulting in increased consumption of
products and resources. Thus, the demand for wood as a raw material is increasing.
Using solid wood for the production of fiber-based materials can increase the
cost of the product. Therefore, it would be more economical to use non-wood or
waste materials in the paper industry as much as possible. Waste materials which
are used in the forest industry are lignocellulosic material waste and agricultural
waste. The major non-wood products used in the production of pulp and paper
are grain stalks, straws and bushes, and bark from wood. Usually bark is used for
generating steam in plants, and this causes air pollution. The utilization of ligno-
cellulosic waste can be more economical and more environmentally appropriate
than discarding the waste, and many studies have been conducted in this area.
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Kalaycioglu and Nemli [2006] indicated that kenaf can be used to manufacture
particleboard. Gonzalez et al. [2011] showed that the prunings from orange trees
can be used to obtain soda pulp of acceptable quality with yields from 34.10 to
51.81%. The annual yield in stalks after pruning is 5t/ha, which is greater than the
average yield of forests in temperate zones [Ntalas, Grigoriou 2002]. Alaejos et
al. [2006] studied Kraft, soda anthraquinone, and organosolv pulping methods for
holm oak trimmings and indicated that the Kraft method was the best among these
methods. Genger et al. [2001] reported that medium density fiberboard (MDF) of
standard quality should be made from whole cotton stalks. The investigation of the
fibers, lignin, and cellulose content of the bark of cotton stalks indicated that the
bark had high cellulose (79%) and low lignin (13.7%) and that single cells were
shorter than those obtained from some other agricultural byproducts. Because
of this advantage, the bark of cotton stalks is suitable for making lignocellulosic
products [Reddy, Yang 2009]. Investigation of fiber dimensions and the lignin and
cellulose content of various non-wood plants and agricultural residues, along with
the use of certain indices, has shown that kenaf is suitable for producing paper of
various grades, whereas reed, switchgrass, miscanthus, and cotton stalks are suitable
for producing mainly writing and printing papers or mixing with conventional
wood pulps to produce paper for various uses. The prunings from olive trees and
almond trees have shorter and thicker fibers and produce relatively poor index
values. The pulp from these species is expected to have relatively low mechanical
strength, making it suitable only for replacing hardwood pulps in low or moderate
proportions to produce newsprint or tissue paper [Ververis et al. 2004].

The kiwi plant is native to China, where it is grown to yield fruit in ecological-
ly appropriate conditions; it is a fast-growing, clinging species [Haung, Ferguson
2001]. The prunings from kiwi plants generate an abundant, renewable, lignocel-
lulosic residue, which is usually burned in the field to prevent the propagation of
vegetal diseases which could incur economic costs and environmental concerns.
Kiwi residue of any type must be taken out of the field, because dead and dry resi-
dues host disease and insects [Janie 1994]. Also, waste or pruning residues support
more organisms than living plants [Paul, Clark 1989]. For this reason, kiwi pru-
nings should be converted to more beneficial products. Nemli et al. [2003] found
that the MOR of the particleboard for general purpose exceeded the minimum re-
quirements according to the European standards when kiwi prunings contributed
up to 50% of the material added to the core of the particleboard. The average fiber
length, fiber width, lumen width, and fiber membrane thickness of kiwi (Actinidia
deliciosa) are 1583.9, 35.97, 22.30, and 6.84 um, respectively. Its felting ratio,
elasticity coefficient, rigidity coefficient, Runkel ratio, and Miihlsteph ratio are
44.03, 61.99, 19, 0.61 and 61.58, respectively [ Yaman, Genger 2005]. Extremely
long fibers cause formation defects in paper production. However, the resistance
values of paper made of very short fibers are low. Therefore, fibers of trees with
short and thin lamella are preferred.
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With an average fiber length of 1583.9 um, kiwi fibers are shorter than softwood
fibers, but longer than hardwood fibers. Thus, kiwi fibers are advantageous for
both fiber groups. The aim of the present study was to examine the effect of bark
on kraft paper properties.

Materials and methods

The samples used in the experiment were obtained from Trabzon Province, located
on the coast of the Eastern Black Sea region in Turkey. They were obtained at an al-
titude of 10 meters from the northern exposure. The kiwi samples were prepared in
two groups, i.e., with and without bark, for the Kraft cooking process. The bark ratio
over perfect dry sample weight was calculated in the pruning waste from which the
bark had been removed, and then the samples were chipped manually. Following
this, the moisture content of the chips was determined based on the oven-dry and
air-dry weight. The samples were ground in a Wiley mill according to the TAPPI T
11 0s-75 standard [1975]. This was followed by screening with the 60 mesh size,
and the resulting material was used for chemical analysis. The TAPPI T 203 o0s-71
standard [1999] was used to determine the alpha cellulose; the TAPPI T 222 om-02
standard [2002] was used to determine the lignin content; the TAPPI T 207 cm-99
standard [1999] was used to determine the material’s solubility in cold and hot
water; and the TAPPI T 204 ¢cm-97 [1997] standard was used to determine the
material’s solubility in alcohol.

Dry sample weights of 700 g for both types of chips were prepared and kept
in polyethylene bags in the absence of air. The Kraft process was used in this
study since it is suitable for all wood species in pulping. In addition, Vu et al.
[2004] indicated that they found it to be the best cooking temperature for bamboo
165-170°C. The cooking conditions were based on values in literature, and a tem-
perature of 170°C was used. The active alkali/sulfidity ratios were 18/22, and the
cooking time was 170 min. Six cookings were conducted, including three replicates
with bark and three without bark. The pulping process was electrically heated in
a pressure-resistant, rotary boiler which revolved at a rate of two revolutions per
minute. Unbeaten papers, at 35 SR° and 50 SR, were made from the pulp which
was obtained from the cooking, and the thickness, surface smoothness, air per-
meability, brightness, opacity, tearing index, burst index, and breaking length of
each of the papers were determined. The experimental papers were subjected to
the following tests after they were conditioned in an environmental test chamber
with 65% relative humidity at a temperature of 23 +1°C for 24 h, according to the
TAPPI T402 om-88 standard.
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Table 1. Physical, mechanical and optical tests conducted for kiwi (Actinidia deliciosa)

paper
Experiment Standard
Grammage TAPPI 410 om-88
Thickness TAPPI 411 om-89
Humidity TAPPI 412 om-90

Cutting of trial papers

TAPPI 220 om-88

Tearing index

TAPPI 410 om-88

Breaking length TAPPI T494 om-01
Air permeability ISO 5636-3
Surface smoothness ISO 8791-2

Burst index

TAPPI 403 om-91

Opacity

TAPPI T519 om-02

Brightness value

TAPPI T525 om-02

The ”Statgraphics Plus for Windows 3.1” software package was used in this
study. Variance analysis test was used to determine the differences among the
treatments, and also Duncan test was used to determine the which one had the best
effect.

Results and discussion

In this study, the average kiwi plant bark ratio was calculated to be approximately
22% according to the oven-dry weight of the raw material from the kiwi prunings.
Reddy and Yang [2009] investigated the bark content of cotton stalks, and they
found that the outer bark comprised approximately 20% of the weight of the cot-
ton stalk. Domingues et al. [2011] investigated the extraction yields of the bark of
several eucalyptus species, and they found that the outer bark extraction yield was
higher than the inner bark. Some chemical and physical features of kiwi (Actinidia
deliciosa) wood are given in table 2.

Table 2. Chemical and physical features of kiwi (Actinidia deliciosa) wood

Experiment Ratio [%]
Chip moisture 9.55
Alcohol Solubility 2.01
Holocellulose 73.50
Alpha Cellulose 38.30
Lignin 25.26

The holocellulose content of the kiwi is approximately equal to that of the
hardwoods, which indicates that kiwi should give a fairly high yield of pulp when
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cooked properly. Table 3 shows the screened yield, screenings, and total yield of
the pulp obtained from the prunings of kiwi plants with and without bark.

Table 3. Kiwi (Actinidia deliciosa) pulp yield

Sample Screened Yield [%] Reject [%] Total Yield [%] Kappa Number
Without bark 44.39 1.48 45.87 17
With bark 38.50 3.44 41.94 19

In this study, the total yield from the samples without bark was found to be
45.87%, which was greater than the yield of the samples with bark. The pulp
yields from olive tree wood obtained by soda, sulfite, and kraft pulping were
44.9, 43.1, and 41.9%, respectively [Lopez et al. 2000]. Some physical, me-
chanical, and optical values of the papers produced at different SR° are given

in table 4.
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The Duncan test was conducted to determine the physical, optical and me-
chanical features of the papers produced from kiwi (Actinidia deliciosa), and the
results are shown in table 4. According to these results, the values within the 95%
confidence interval are shown at unbeaten, 35 and 50 SR® pulp with A and B, C
and D, E and F, respectively.

Khristova et al. [2006] found the alpha cellulose value of bagasse to be 51.90%
and Glimiiskaya et al. [2007] found the alpha cellulose value of hemp (Cannabis
sativa L.) bast fibers to be 63.77% and the value of holocellulose to be 86.93%.
Deniz et al. [2004] found the alpha cellulose value of wheat straw to be 38.20%,
the holocellulose value to be 74.50% and the lignin value to be 15.30%. The alpha
cellulose value determined in this study was 38.30%, while the holocellulose va-
lue was 73.50%; these values were similar to the wheat straw values given above.
The average lignin ratio was reported to be 28 £3% in softwood and 20 + 4%
in hardwood [Suchsland, Woodson 1986]. The lignin ratio of kiwi was 25.26%,
between those of softwood and hardwood. Despite being in brush form, kiwi had
the high lignin values as the trees, therefore it is believed that the amount of al-
kaline used in the study was appropriate considering the lignin ratio. The kappa
number of kiwi pulp samples without bark was found to be 17 and for the samples
with bark it was 19. The yield and kappa number are inversely proportional, and
therefore this can be explained by the bark having a higher lignin and extractive
content. Vu et al. [2004] studied bamboo and they found that the lignin ratio was
25.8%, the EA was 18%, and the kappa number was 18.6 at 15% sulfidity. They
also reported that increasing sulfidity did not decrease the kappa number signifi-
cantly.

The thickness, surface smoothness, air permeability, brightness, and opacity
values of the papers obtained from the pulp with and without bark decreased as
the beating degree increased. The burst index and breaking length increased. The
tearing index increased at the beginning of the beating and decreased later. These
results were the expected outcomes of beating.

In making bleached Kraft pulp from hardwoods, the acceptable amount of
bark was determined to be 5% [Kirc1 2003]. The average bark ratio according to
the full dry raw material weight in the kiwi pruning waste in this study was cal-
culated as 22.20%. Although the amount of bark was well above the acceptable
tolerance level, the physical, mechanical and optical values of papers with bark
were affected to a small extent, excluding air permeability and breaking length.
The likely reason was that kiwi’s bark is softer than the barks of other trees. In this
study, the pulp yield of the samples without bark was 45.87%, which was better
than those with bark. One reason for this was that the screenings in the samples
with bark were high, and another reason was that the rate of extractives and non-
-fibrous materials in the structure of the bark was relatively high compared to
wood.
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Physical properties

The handsheet thickness of the papers at different SR° decreased as the beating
degree increased. The handsheet thickness of the samples without bark was less
than that of the samples with bark at unbeaten, 35 and 50 SR°, and the difference
was significant at the 95% confidence level. This was because the fibrous structure
of the bark was more voluminous. The surface smoothness value decreased as the
beating degree increased. However, this decrease was inversely proportional to
numerical values from the rough surface towards the smooth surface. Therefore,
the surface smoothness improved as the beating degree increased. The surfaces
of the samples without bark were smoother than those with bark at different SR°.
However, the difference was not significant at the 95% confidence level. This result
was expected because the fibrous structure of the bark, which is rougher than that
of wood. Since the air permeability of the unbeaten papers was over 5000 ml/min,
it was considered to be non-standard. The air permeability value decreased as the
degree of beating increased. The air permeability of the samples with bark at 35
and 50 SR° was significantly greater than that of the samples without bark, and
the difference was significant at the 95% confidence level. The fact that the poro-
sity of the bark was very high compared to that of wood increased the difference
between the air permeability values.

Optical properties

The opacity value was directly related to the light transmittance of the paper, and
it increased as the colour of the paper darkened. The opacity of unbeaten pulps
was found to be higher than that of the debarked pulps but the difference was not
found to be statistically significant. The opacity value of the papers decreased as
the beating degree in the papers increased. Because of the dark colour of the bark,
the opacity values of the samples with bark were greater than those of the sam-
ples without bark, 35 and 50 SR°®, and the difference was significant at the 95%
confidence level. The brightness value was directly related to the opacity feature
of the paper.

The white colour was significantly more reflective than the black, which ab-
sorbed the light. The b rightness value decreased as the beating level increased.
Therefore, the brightness value was found to be greater in the samples without
bark at unbeaten 35 and 50 SR®, and the difference was significant at the 95%
confidence level.

Mechanical Properties

The mechanical properties increased in direct proportion to the fibers’ stiffness
and length. The tearing index of the papers increased at the beginning of the
beating and decreased towards the end of the beating. The tearing index of the
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pulps with bark was found to be lower than the unbeaten, 35 and 50 SR® and the
difference was found to be statistically significant at the 95% confidence level.

The tearing index at unbeaten (2.01 Nm m?/g) of the kiwi wood paper fibers
without bark was greater than that of the samples with bark (1.80 Nm m?/g), while
the tearing index at 50 SR° (3.97 Nm m?/g) of the kiwi wood paper fibers without
bark was greater than that of the samples with bark (3.88 Nm m?%g), but the dif-
ference was not significant at the 95% confidence level because some of the bark
was removed after screening. The tearing index at 35 SR® (4.87 Nm m?%/g) of the
kiwi wood paper fibers without bark was greater than that of the samples with
bark (3.78 Nm m?%g), and the difference was significant at the 95% confidence
level. The breaking length increased as the beating degree increased. The breaking
length of the samples with bark was found to be lower than the unbeaten, 35 and
50 SR° pulps and the difference was found to be statistically significant at the 95%
confidence level. Finally, the burst index was found to be greater at 35 and 50 SR®
and the difference was significant.

Jiménez et al. [2006] used vine shoots in different pulping processes,
and found that the Kraft process provided paper with better breaking length
(13.16 km), burst index (1.63 kPa m?/g), and tear index (1.59 Nm m?g) than
samples without bark, which had a breaking length of 68.13 km and a burst index
of 2.61 kPa m?/g. In this study, it was found to be higher in samples with bark
(58.10 km and 2.87 kPa m?/g ) and the difference between them was significant
at 5% confidence interval. However, bark up to 20% was reported to have no
effect on the strength of Kraft (Douglas fir) pulps [Casey 1961]. Mutjé et al.
[2005] found that sheets from olive prunings that were obtained by means of an
organosolv process had a burst index of 3.02 kPa m?/g. The burst test is very im-
portant in sack papers, packing papers, and paperboard for packs. High breaking
strength increases resistance against breakage in the printing press. Therefore,
it is important in newspaper and other printing paper [Casey 1961]. Since bark
lowers the burst index, the papers obtained from samples with bark should not
be used in producing sack papers, packing papers, and paperboard for packs. In
addition, paper obtained from samples with bark can be used in newspaper and
other printing paper.

Conclusions

The fibrous material ratio of the bark was relatively low compared to wood. There-
fore, the chips put into the cooking tank should not have bark. It occupies a larger
volume and consumes more chemical materials during cooking. However, it
might not always be very economical to completely debark the raw material. Bark
tolerance could be high in some pulp types. Still, most of the wood bark in this
pulp should also be removed. For the types of pulp in which bark does not cause
problems, paper can be produced from kiwi prunings with bark. This eliminates
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the cost of debarking. Pulp making with and without bark should then be decided
based on an economical analysis.

The kiwi plant is not very widespread in Turkey. However, growing kiwi has
recently become more common in the Black Sea region. Since kiwi is pruned every
year, the waste raw material potential of the plant is high. Besides this, since its
cellulose ratio is high, it can be used for pulp production. In this study, the Kraft
method was used. However, by trying other chemical, semi-chemical, and mecha-
nical methods, more precise decisions on the advisability of using kiwi wood for
pulp production can be made.

Pruning waste obtained from the kiwi plant is a sustainable fiber source since
the plants are pruned annually. This waste should be utilized in the pulp and paper
industry in order to provide income for growers.
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