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Abstract

Aim of study: The chemical and morphological properties of sapwood and heartwood of stone pine
and black locust were determined.

Material and methods: Preparation of samples of stone pine and black locust sapwood and heartwood
was carried out by adhering to the TAPPI Standard Methods. The chemical properties holocellulose,
cellulose, lignin, alpha cellulose, ash, ether, cold and hot water and 1% NaOH solubility percentages were
analysed. In order to determine the morphological properties of the woods, the fiber size of the maserated
wood samples were measured under a screened visopane microscope. Using the data obtained from fiber
sizes, felting ratio, stiffness coefficient, runkel ratio, elasticity classification, Miihlstep coefficient and F
factor values were calculated.

Main results: From the chemical analysis and morphological measurement results, significant
differences were found according to the independent T Test statistical analysis between sapwoods and
heartwoods. In addition, the solubility values of heartwoods were found to be lower than that of
sapwoods, the chemical and morphological properties of all wood samples coincide with those specified
in the literature.

Highlights: To investigate the suitability of Stone Pine and Black Locust to pulp and paper
production.

Keywords: Sapwood and Heartwood, Stone Pine, Black Locust, Chemical and Morphological
properties, Paper.

Fistikgami ve Yalanci Akasya Oz ve Diri Odunlarinin Kimyasal

ve Morfolojik Ozelliklerinin Arastiriimasi

Oz

Caliymanmin amact: Fistikcam ve yalanci akasya diri ve 6z odunlarimin kimyasal ve morfolojik
ozellikleri tespit etmek.

Materyal ve yontem: Fistikgamu ile yalanci akasya diri ve 6z odunu orneklerinin hazirlanmasi ve
yapilan kimyasal analiz ve morfolojik Ol¢iimler TAPPI standart yontemine bagli kalinarak
gerceklestirilmistir. Caligma kapsaminda, kimyasal Ozelliklerinden holoseliiloz, seliiloz, lignin, alfa
seliiloz, kiil orani ile eter, soguk su, sicak su ile %1°lik NaOH ¢6ziiniirligii oran1 analiz edildi. Odunlarin
morfolojik 6zelliklerini belirlemek i¢in, masere edilen odun &rneklerinin lif boyutlar1 ekranli vizopan
mikroskopta 6lgiilmiistiir. Lif boyutlar1 dlgiimlerinden elde edilen veriler kullanilarak kegelesme orant,
rijidite katsayisi, runkel orani, elastikiyet siniflandirmasi, miihlstep katsayis1 ve F faktorii degerleri
hesaplanmuistir.

Temel sonuglar: Kimyasal analiz ve morfolojik dl¢lim sonuglarindan, fistikgamui ile yalanci akasyanin
diri ve 6z odunlar1 arasinda yapilan bagimsiz T Testi istatiktik analizine gore, onemli farkliliklarin oldugu
tespit edilmistir. Ayrica, diri odunlarinin ¢oziiniirliik degerleri 6z odunlara gore daha diisiik bulunmus ve
tiim orneklerin kimyasal ve morfolojik 6zellikleri literatiirdeki degerlerle ortiismektedir.

Arastirma Vurgular: Fistikgami ve Yalanct Akasya’nin kagit hamuru ve kagit {iretimine uygunlugunu
arastirmak.

Anahtar kelimeler: Diri ve Ozodun, Fistikgami, Yalanci Akasya, Kimyasal ve Morfolojik Ozellikler,
Kagat.
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Introduction

When the cross section of the wood is
examined, it is seen that it consists of three
parts: pith, wood (heartwood, sapwood) and
bark (xylem, phloem). In fact, the heartwood
formed as a result of the aging of the
sapwood is the woody part between the
sapwood and the pith that can be affected by
climate, soil and habitat conditions. The
sapwood, on the other hand, is the woody
part with living cells, usually light-colored,
between the heartwood and shell parts. Its
width affects from the tree stand, the age of
the tree and the conditions of the growing
place. When these two woody parts are
compared; heartwood generally has harder,
heavier, drier, lower hygroscopic and lower
fiber saturation point than sapwood (Bozkurt
& Erdin, 1997; Bektas et al., 2020). Bertaud
& Holmbom (2004) reported that heartwood
has less cellulose and more lignin than
sapwood and almost the same hemicellulose
content. However, it was determined by
Fengel and Wegener in 1989 (Fengel&
Wegener, 1989) that the extractive substance
content of the heartwood is higher than the
sapwood. By Ay & Sahin (1998) and
Mariana et al., (2005), in their studies on
Picea orientalis and eucalyptus nitens wood,
it was determined that the sapwood has
larger fibers than the heartwood. Also,
Mariana et al., (2005) and Liukkonen et al.,
(2007) reported that sapwood has a thicker
fiber width. But, by Ay & Sahin (1998) that
the heartwood of the Picea orientalis has a
thicker fiber wall thickness.

The chemical andanatomical differences
between sapwood and heartwood often have
a significant influence on pulping (Sj0strom,
1981). Heartwood containing more extractive
compared to sapwood increases the
consumption of pulping chemicals and
reduces the total pulp yield (Atag & Eroglu,
2013; Giiltekin, 2014; Erkan et al., 2020).
Because of heartwood has lower
permeability compared to sapwood,
cooking liquor cannot penetrate into
heartwood chips, and this increases the
number of rejects (Pereira et al., 2003).
By Esteves et al., (2005) in study, the
dark colored maritime pine heartwood
also decreases pulp brightness.
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In the study, stone pine and black locust
trees were used to determine the effect of
sapwood and heartwood differences on
chemical and morphological properties of
wood. Separate analysis and measurements
were performed for the sapwood and
heartwood parts of the trees adhering to the
standards. The differences between sapwood
and heartwood were determined and their
suitability for papermaking was investigated.

This study is the first study in the Turkey
to determine the chemical and morphological
properties of stone pine and black locust
heartwood and sapwood. The results
obtained are  primarily scientifically
important and will contribute to the literature
in this field as well as contain data that can
be used in the areas of use related to these
two tree species.

Material and Method
Material

In the tests, stone pine (Pinus pinea
L.)tree obtain from, which is natural forest,
Kozak plateau of Bergama of Izmir of
Turkey, and black locust (Robinia
pseudoacacia L.) tree taken from Ahir
Mountain of Kahramanmaras of Turkey,
which is a planted forest. Some information
about the trees used in the study is given in
Table 1. Samples were obtained from the
trees according to standard methods. For this
purpose, three thick wedges with thickness
of 5 cm were taken from 15 cm above the
root level of each tree, right in the middle of
the trunk and 15 cm below the crown. For
chemical analyzes, the samples taken were
divided parallel to the fibers. The samples
taken to make the matchstick in size were
broken. The sufficient amount of air-dried
samples to be used in chemical analysis was
ground in a laboratory type Wiley mill
according to TAPPI T 257 om-85 standard
method and sieved in shaking sieves of 40
mesh (425u) and 60 mesh (250u). The part
that passed through the 40 mesh sieve and
remained on the 60 mesh sieve was taken and
put into glass jars with lids and prepared for
use in chemical analysis. The moisture
content of the prepared samples was
determined by drying at 103+2°C in
accordance with the TAPPI T 246 om-88
standard.
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Method

The chemical properties of the test
samples were determined by adhering to
methods standard. Three replicates were
performed for each analysis. The
holocellulose and cellulose percentage were
determined according to and Wise’s chlorite
methods and Kurschner-Hoffer nitric acid,
respectively. The lignin, a-cellulose, ashes
were determined following standards TAPPI
T 222 om-98, TAPPI T 203 om-93, TAPPI T
211 om-02, respectively. NaOH 1%, ether
and water solubilities were determined using
TAPPI T 212 om-02, TS 4569(1985) and
TAPPI T 207 om-93 respectively (Wise and
Karl, 1962; Browning, 1967; Kurschner &
Hoffer, 1993). The morphological properties

Table.1 Information on the trees used in the study

of test trees was determined by the
maceration method and this method based on
Wise's chlorite method was used to liberate
the sample fibers prepared as matchstick
size. Fiber dimension of wood fiber
preparations prepared according to the
TAPPI T 232 cm-85 standard. Forty four
measurements were made for each wood
type. Fiber-length, fiber-width and lumen
diameters of samples were calculated using
screened viscose microscope (Bostanct,
1987). Using the data obtained in the
measurement; the felting ratio, rigidity
(stifness) coefficient, runkel classification,
elasticity coefficient, Miihlstep classification
and F factor of fiber samples were calculated.

L Altitude Trunk height of tree  Trunk diameter of tree Age

Tree type Direction
(m) (m) (cm) (year)

Stone pine Southern 550 6.10 35 31
Stone pine Northern 627 6.12 30 28
Stone pine Eastern 605 6.50 31 29
Stone pine Western 620 5.00 27 25
Black locust ~ Southern 1600 6.75 20 21
Results and Discussion heartwood of the samples, the highest

Chemical Properties

After preparing the heartwood and
sapwood samples of Pinus pinea L. (Stone
Pine) and Robinia pseudoacacia L. (Black
Locust), moisture determination was made,
the results were calculated as a percentage of
the full dry sample weight. Table 2 shows the
chemical analysis and solubility results in
percent by weight.

Holocellulose is a  polysaccharide
consisting of the sum of cellulose and
hemicellulose. In  study, holocellulose
determination of woody plant material was
made according to acidified sodium chloride
method developed by Wise and Karl in 1962.
In this analysis, the residue left after
removing lignin from woody material is
called holocellulose. Hence, the term
holocellulose refers to all polysaccharides in
wood. Therefore, another name for
holocellulose determination is delignification
(Wise and Karl, 1962). From Table 2, it can
be seen that there is 2-6% difference between
the holocellulose amounts of sapwood and

185

holocellulose percentation was measured in
sapwood of black locust (80.7%) and the
lowest  holocellulose  percentage  was
measured in sapwood of stone pine (72.2%).
The percentation of holocellulose in
coniferous and deciduous trees varies
between 60-85% and in previous studies, the
holocellulose percentage was obtained as
72.88% in sapwood of stone pine (Goniiltas,
2008), and 81.50% in black locust (Kirci,
1987) and these results are consistent with
the data obtained in the study. Holocellulose
percentage of some coniferous and deciduous
trees was found to be 70.80% in stone pine
(Glumiiskaya et al., 2011), 65.40%  and
67.50%, respectively in heartwood and
sapwood of european black pine (Atag &
Eroglu, 2013), 70.11% and 73.60%,
respectively 81.9% and 80.9%, respectively
in sapwood and heartwood of Asian cypress
poplar, 78.8% and 74.8%, respectively in
sapwood and heartwood of eucalyptus
grandis (Giiltekin, 2014).
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Table2.The result of chemical analysis of hearwood and sapwood of stone pine and black locust

Chemical analysis and solubility results (% - weigh)

[<5]
§ % g @ 5} b > S > oS D I >
= 5 ) o8 & £ =2 < 53 83 T35 Q=
® O c CRE 3 S = 7] £ = = == ==
= g < Tz 3 T 8 < ©2 323 53 3
=) (@) 5 %) SZ I & R
Mean 757 458 28.8 625 0.18 2466 10.02 1354 37.8
£ 8 S. Deviation 119 052 0.07 001 01 047 052 052 1.04
@ T § Min. Value 7458 4542 287 624 009 2422 970 13.05 36.91
05)- Max. Value 7697 464 28.8 625 029 2515 10.61 14.08 38.95
S Mean 722 487 275 654 036 6.15 974 1125 32.45
n %'8 S. Deviation 001 114 0.18 054 0.03 0.18 0.06 185 0.17
2 g Min. Value 722 486 273 648 03 6.03 968 948 32.28
Max. Value 723 489 276 659 04 636 980 13.18 32.62
Mean 784 505 246 605 021 1157 10.67 1156 22.68
- £ 8 S. Deviation 1.07 074 008 053 006 028 020 046 0.39
g £ %’ Min. Value 774 499 245 60.1 0.14 11.37 10.47 11.03 22.39
S Max. Value 796 513 246 61.1 024 11.89 10.87 11.85 23.12
3 Mean 80.7 493 239 633 041 925 10.13 10.36 20.3
c‘—g %g S. Deviation 097 0.12 020 0.18 0.06 007 030 027 0.16
“ = Min. Value 79.7 492 238 631 034 924 983 10.07 20.19
Max. Value 81.7 495 24 634 044 926 1043 1054 20.48
Wood, cotton, paper etc. lignocellulosic was determined as 56% and 55.1%,
materials contain cellulose. It is the world's respectively in sapwood and heartwood of
largest source of carbon and one of most scotch pine, as 55.4% and 52.8%,

polymers found in nature. It is indispensable
for the pulp and paper industry. Cellulose
analysiswas done according to Kurschner-
Hoffner method. In this method, with the
effect of nitric acid, fatty substances are
dissolved, hemicelluloses are hydrolyzed and
lignin turns into nitrophenolic compounds.
However, cellulose is protected by the effect
of alcohol (Browning, 1967). In this study,
the highest cellulose value was calculated in
heartwood black locust (50.5%) and the
lowest cellulose content was measured in
heartwoodof stone pine (45.8%). In terms of
cellulose percentages, it can be seen from the
data in Table 2 that the difference between
sapwood and heartwood of black locust was
low (1.2%), whereas the difference between
sapwood and heartwood of stone pine was
greater (2.9%). The percentage of cellulose
in coniferous and deciduous trees is
approximately 50%. In studies by Kirci
(1987) and by Giimiiskaya et al. (2011) the
cellulose percentage was obtained as 52.70%
(in black locust) and 51.14% (in stone pine ).

This values are consistent with the values
measured in this article. In some coniferous
and deciduous trees, cellulose percentage

186

respectively in sapwood and heartwood of
eucalyptus grandis (Giiltekin, 2014), 53.35%
in Anatolian chestnut (Akgiin, 2005).

Carbon source that is abundant in the
earth after cellulose is lignin. It is, which one
of the main componets of wood and annual
plants, an organic substance (Pereira et
al.,2003). Since it is non-fiber, hydrophobic
and amorphous, it adversely affects the
formation of hydrogen bonds between the
fibers (Rydholm, 1965). Lignin percentage
varies between 26-34% in coniferous wood
and approximately 16-24% in coniferous
wood (Browning, 1967). The lignin
percentage obtained in the tests performed in
this study was measured as the highest in
heartwood of stone pine (28.8%) and the
lowest in sapwood of black locust (23.9%).
From these values, it is understood from the
data in Table 2 that the difference among
lignin percentages ofsapwood and heartwood
of test trees (1.3% in stone pine and 0.7% in
black locust) is not highest. Lignin
percentage of some trees was 29.56% for
sapwood of Stone pine (GoOniiltag, 2008),
25.78% for stone pine (Glimiiskaya et al.,
2011), 25.3% and 26.9%, respectively for



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2021, 21(2): 183-195

Kastamonu Univ., Journal of Forestry Faculty

Erkan and Bektas

sapwood and heartwood of european black
pine (Atagc & Eroglu, 2013), 27.8% and
26.6%, respectively for  sapwood and
heartwood of uludag fir (Atag¢ & Eroglu,
2013), 20.9-25.8%,  respectively  for
heartwood of black locust (Dunisch et al.,
2010), 22.9% and 21.1%, respectively for
sapwood and heartwood of eucalyptus
grandis (Gtiltekin, 2014), 22.8% and 21.8%,
respectively for sapwood and heartwood of
Asian cypress poplar (Giiltekin, 2014).

In alpha cellulose analysis, it is
determined that the carbohydrates in the
plant material are resistant to 17.5% NaOH
solution. Cross and Bevan divided the
cellulose into three groups according to
17.5% solution. In the cold 17.5% NaOH
solution, the insoluble part was determined
as alpha-cellulose, the part that was
precipitated by neutralization of the soluble
part was beta-cellulose and the part that was
not precipitated by neutralization of the
soluble part was determined as gamma-
cellulose (Kirci, 2006). Percentage of alpha
cellolose in sapwood and heartwood of stone
pine and black locust were measured as
62.5%, 65.45%, 60.5% and 63.3%,
respectively. In some studies on the subject,
the percentage of alpha cellulose was 61.93%
in stone pine sapwood (Goniiltas, 2008),
51% in black locust wood (Kirci, 1987),
46.08%in stone pine (Giimiiskaya et al.,
2011), 69.7%, 64.1%, 70.5%, 66.5%, 71.6%,
67.8%, 68.5%, 66.6% respectively in
sapwood and heartwood of scotch pine, of
red pine, of eucalyptus grandis and Asian
cypress poplar (Giiltekin, 2014), 44.6%,
41.8% and 45.4%, 46.4%, respectively in
sapwood and heartwood of european black
pine and uludag fir (Atag & Eroglu, 2013),
40.63% and 39.97% and 41.05%, 42.61%,
respectively in sapwood and heartwood of
pedunculate oak and eastern beech (Atag,
2009). In the alpha cellulose analysis
conducted in this study, the calculated alpha
cellulose  percentage was  determined
according to the percentage of full dry
holocellulose. However, in some of the
studies in the literature, lower values were
obtained than the percentage of alpha
cellulose obtained in the study because the
percentage ofthis analysis was calculated
according to the extracted full dry wood. But,
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Goniiltag (2008) reported the percentage of
alpha cellulose analysis performed for stone
pine wood supplied from three different
regions of Turkey was calculated according
to the ratio of full dry holocellulose and the
results are listed; stone pine aplha celluose
percentages are 63.13% and 61.60% for
sapwood and heartwood of Coruh region,
64.08% and 60.88% for sapwood and
heartwood of Armutlu region and 61.93% for
sapwood of Kozak region.

The amount of inorganic compounds in
wood is determined by ash determination. As
a result of burning of wood at 550-600°C, it
is determined by ash. In temperate zone
trees, the proportion of inorganic matter
varies between 0.1-1% compared to full dry
wood, whereas in tropical and semi-tropical
regions this rate increases up to 5%. The ash
content of the tree species growing in the
temperate zone are mostly Ca, K and Mg
alkaline earth metals and a small amount of
Mn, Na and P compounds are also present. In
the trees grown in tropical regions, Si is
found in the composition of ash (Kirci,
2006). In our study, ash percentage of
sapwood and heartwood of stone pine was
0.18% and 0.36%, respectively and ash
percentage of sapwood and heartwood of
black locust was 0.21% to 0.41%,
respectively. Ash percentage of heartwoods
is lower than sapwoods (around %50) . In
some studies, ash percentage is seen as
0.23% in sapwood of stone pine (Gondiiltas,
2008), 0.54% in black locust (Kirc1, 1987)
and is close to the data obtained in this study.

The amount of resins, oils, waxes, non
volatile hydrocarbons, low molecular weight
carbohydrates, salts, hydrolysed or non-
hydrolyzed tannins, stilbenes, dyestuffs
found in the wood is calculated by the ether
solubility (TS 4569 (1985)). The extracts
contained in the extraction slows down the
delignification rate because of prevents
bonding with water of the fibers during pulp
production (Kirci, 2006). Solubility of
sapwood and heartwood of stone pine and
black locust was found to be 24.66%, 6.15%,
1157% and 9.25%, respectively. In the
literature, stone pine  sapwood alcohol
solubility was seen as 0.15% (Goniiltas,
2008) and black locust alcohol solubility was
seen as 6.70% (Kirci, 1987), stone pine
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alcohol-benzene solubility was seen as
6.69% (Giimiiskaya et al., 2011), anatolian
chestnut alcohol solubility was seen as
19.87% (Akgiin, 2005), eurapean black pine
sapwood and heartwood alcohol solubility
was seen as 4.3% and 16.6%, respectively
(Eroglu & Atag, 2013).

Cold water solubility was measured as
10.02% and 9.74%, respectively for sapwood
and heartwood of stone pine, and 10.67%
and 10.13%, respectively for sapwood and
heartwood of black locust. The heartwoods
from the samples of stone pine and black
locust has a higher cold water solubility and
there is not much difference (0.28% in stone
pine and 0.54% in black locust) in terms of
the solubility values between the sapwood
and heartwood. In other studies, cold water
solubility was measured as 1.30% and
2.40%, respectively in sapwood and
heartwood of european black pine (Atag &
Eroglu, 2013), 2.89% in stone pine
(Giimiigskaya et al., 2011), 15.59% in
Anatolian chestnut (Akgiin, 2005). Inorganic
substances,  sugars, tannins,  soluble
polysaccharides, salts, dyes, organic acids,
phenolic compounds and gums in woody
plant material are determined by hot water
extraction (Browning, 1967). The hot water
solubility was obtained as 13.54% and
11.25%, respectively for sapwood and
heartwood of stone pine and 11.56% and
10.36%, respectively for sapwood and
heartwood of black locust. According to the
obtained data, it is seen that the heartwood
has a higher rate of hot water solubility than
sapwood. In other studies, hot water
solubility for stone pine sapwood was 3.62%

(GoOniiltas, 2008) and 8.10% for black locust
(Kirci, 1987), 3.75% for stone pine
(Giimiiskaya et al., 2011), 17.85% for
anatolian chestnut (Akgiin, 2005).

The NaOH solubility of 1% was
calculated as 37.8% and 32.5% respectively,
for heartwood and sapwood of stone pine,
and 22.7% and 20.3%, respectively for
heartwood and sapwood of black locust.
With this analysis, the percentage of broken
cellulose, low molecular weight
carbohydrates and polyoses found in the
structure of woody plant materials is
determined. It was determined that the
heartwoods had higher solubility sapwoods.
NaOH solubility analysis shows how much
the yield of paper pulp will decrease
(Browning, 1967). In previous studies, this
solubility was determined as 15.57% for
stone pine sapwood (Goniiltag, 2008),
22.10% for black locust (Kirci, 1987),
15.64% for stone pine wood (Glimiiskaya et
al., 2011), 32.90% for anatolian chestnut
(Akgiin, 2005).

In the study, since the ratio of extractive
material and ash in the samples subjected to
holocellulose and lignin analysis was not
determined, the total of holocellulose +
lignin + extractive was calculated as higher
than 100%.

Morphological Properties

Table 3 and Table 4 shows the values of
fiber dimensions of sapwood and heartwood
of stone pine and black locust. Fiber
micrographic measurement resuts gives in
Table 5 and Table 6.

Table 3.The T-Test fiber size analysis results of Stone pine sapwood and heartwood ")

. . . cov Sig.
Fiber dimension WT Mean SD SE (%) tvalue (2-tailed)
Fiber length (mm) a\\/lvv ggg 8228 gggi 196'8288 -7.215 0.000
. . SW 50.64 2.193 0.403 4,52
Fiber width (im) HW 4356 2486 0298 570 ‘422 0000
. SW 31.01 3.143 0.509 10.13

L d t 22.11 0.000
umen diameter (wm) HW 1768 2363  0.321  13.36
. SW 19.45 0.617 0.100 3.17

Double wall thickness (pm) AW > 88 1434 0.195 tca 25.20 0.000

ONumber of samples: 44, WT: Wood type, SW: Sapwood, HW: Heartwood, SD: Standard deviation, SE: Standard error, COV:

Coefficient of variation
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The fiber sizes of HW and SW of stone
pine were given in Table 3 and the fiber sizes
of the sapwood were statistically (p<0.05)
separated from their heartwoods. The basic
cells in the fiber structure that make up the
wood of coniferous trees are called traheids.
According to the tree species, growing
conditions and genetic variations, fiber
length varies between 3-5 mm and fiber
width varies between 30-50 um. Such fibers
are called “long fibers” in papermaking and
are very suitable for paper making (Kirci,
2006). It is known that the increase in fiber
length positively affects the resistance
properties of the paper, but that too long
fibers disrupt the formation of the paper. The
thin-walled long fibers are easily crushed and
the bond structure will be good during

papermaking, the physical resistance
properties of the paper will be high (Kirci,
2000; Bektas et al., 1999).When the fiber
sizes of the stone pine tree are examined, it
has been determined that the sapwood is
longer fibrous and thicker wall than the
heartwood. In some studies in the literature,
for heartwood and sapwood of red pine,
fiber length was calculated as 3.71 mm and
6.13 mm, respectively fiber width was
calculated as 6591 pum and 78.87 um,
respectively lumen diameter was calculated
as 34.84 um and 36.78 um, respectively
(Giiltekin, 2014). Istek et al. (2009)
determined as 2.99 mm of fiber length, 47.48
pum of fiber width, 35.89 pm of lumen
diameter, 11.58 um of double wall thickness
for beech pine.

Table 4. The T-Test fiber size analysis results of Black locust sapwood and heartwood ")

Fiber dimension WT Mean SD SE C(OO/O;/ tvalue (2_§:|géd)

. SW 1.263 0.178 0.279 14.09

Fiber length (mm) AW 129 0.201 0318 1558 0.654 515
. . SW 15.44 1.313 0.198 8.50

Fiber width (um) AW 14.88 1208 0.182 811 2.107 0.038
. SW 8.36 0.663 0.509 7.93

Lumen diameter (um) oy 9.40 1055 0.321 1122 5.577 0.000
. SW 6.52 0.555 0.100 8.51

Double wall thickness (pum) vy, 6.04 0.309 0.195 11 -5.039 0.000

ONumber of samples: 44, WT: Wood type, SW: Sapwood, HW: Heartwood, SD: Standard deviation, SE:Standard error, COV:

Coefficient of varition

The basic cells that make up the woods of
the deciduous trees are called traces and the
fiber length is between 0.8-1.5 mm and the
fiber width is between 15-30 um. Such fibers
are when forming, very thick fibers also yield
papers with low volume and resistance
properties. The fiber wall thickness, on the
other hand, effects the strength of the
individual fibers (Kirci, 2006). When the
fiber size analysis result of the black locust
tree are evaluated according to the data given
in Table 4, it can be seen that there is a
significant difference between sapwood and
heartwood values at p <0.05 significance
level. According to the data obtained in
Table 4, black locust heartwood is longer
fiber, thin-walled than sapwood. From
heartwood and sapwood of pedunculate oak,
fiber length was 0.974 mm and 1.240 mm,
respectively, fiber width was 18.40 um and
22.50 um, respectively, lumen diameter was
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940 pm and 9.80 pm, respectively and
double wall thickness was 9.00um and 12.70
um, respectively (Atag, 2009). Fiber sizes of
heartwood and sapwood of stone pine and
black locust were analyzed and felting ratio,
rigidity coefficient, runkel classification,
elasticity coefficient, Miihlstep classification
and F factor were calculated and the data
obtained are given in Table 5 and Table 6.
Micrographic measurement result values
values of the studies trees are evaluated with
independent sample T test according to the
data given in Table 5, it can be seen that
there is a significant difference between
sapwood and heartwood values at p <0.05
significance level. Felting ratio is calculated
as the ratio of fiber length to fiber width.
Although it is thought that fiber raw
materials with a felting ratio below 70 are not
valuable in terms of papermaking, It has been
observed that the felting ratio does not show
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a systematic relationship with the physical
properties of the paper, but only has a
significant effect on the tear resistance of the
paper (Bostanci, 1987). It was found that
felting ratio of heartwood was lower than
sapwood (9.95). In the previous studies, the

felting ratios of some coniferous trees was
82.63 of black pine, 61.80 of the beech pine
(Istek et al., 2008;Istek et al., 2009), 66.56
and 71.76, respectively of heartwood and
sapwood of uludag fir (Atag, 2009).

Table 5. The T-Test micrographic measurement results of Stone pine sapwood and heartwood®

horecerisic W Men  sD SE (g ta ik
o MW 804 Osm0 oo ler 05 0000
odfioent o6 THW 25% Oy 0135 sa 44 000
chassfiction_RW 146 2365 0139 1335 %72 0000
oot (6)  “HW d0er 08is QoY 1av 1460 000
dlsienion 0TG5y 0250 0036 031 5400 0000
G = = E B

GNumber of samples: 44, WT: Wood type, SW: Sapwood, HW: Heartwood, SD: Standard deviation, SE: Standard

error, COV: Coefficient of variation.

The stiffness coefficient expressed as
‘fiber wall thickness x 100 / fiber diameter’
relates to the thickness of the cell wall. For
coniferous and deciduous trees, the rigidity
coefficient is between 10-20. High rigidity
coefficient value adversely affects paper
breaking, tearing, bursting and double
folding resistance (Bektas et al., 1999). It
was determined that the difference between
sapwood and heartwood was high (9.95%).
In the literature, the rigidity (stiffness)
coefficient of some trees was determined as
23.69% and 26.68%, respectively in sapwood
and heartwood of red pine (Giiltekin, 2014),
17.14% in beech pine (istek et al., 2009).

Runkel classification is calculated as the
ratio of double wall thickness to lumen
diameter. Fibers with runkel ratio greater
than 1 are thick-walled, fibers with runkel
ratio equal to 1 are medium thick-walled and
fibers smaller than 1 are thin-walled. The
dimensions of the fiber walls and the strength
of the fiber are determined according to the
Runkel classification. Papers obtained from
very thin-walled fibers have low tear
resistance. Since very thick-walled fibers do
not flatten enough, they give low resistance
properties and bulky papers (Kirci, 2000).
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Runkel classification in some studies was
0.89 and 1.14, respectively for sapwood and
heartwood of red pine (Gtiltekin, 2014) and
0.97 and 1.10, respectively for sapwood and
heartwood of scotch pine (Giiltekin, 2014).
The individual flexibility of the fibers and as
well as the specific gravity of the wood from
which the fibers are obtained are determined
by calculating the elasticity coefficient. This
coefficient is calculated by the formula
‘(lumen diameter x 100) / fiber width’.
According to the formula, the fibers are
classified into separate categories. Very
flexible fibers with elastic coefficient greater
than 75 (obtained from wood with a specific
weight less than 0.5 g/cmd), flexible fibers
with elasticity coefficient between 75 and 50
(obtained from wood with a specific weight
of 0.5-0.7 gr/cm®) rigid fibers with elastic
coefficient between 30-50 (obtained from
wood with a specific weight less than 0.7-
0.8 g/cm® and very rigid fibers with
elasticity  coefficient greater than 30
(obtained from wood with a specific weight
higher than 0.8 g/cm® (Kirci, 2006). This
coefficient is lower in heartwood of stone
pine than sapwood and the difference is high
(20.56%). In the literature, the elasticity
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coefficient was 52.86% and 46.63%,
respectively for sapwood and heartwood of
red pine (Giiltekin, 2014), 74.78% for beech

pine (Istek et al., 2009).
Miihlstep classification provides
preliminary information on how the

morphological dimensions of the fibers affect
the physical resistance properties of the
paper. It is calculated by dividing the cell
wall area of the fibers by the fiber cross-
sectional area. In the studies carried out in
the literature, Miihlstep classification of
some coniferous trees was 61.20% of red

pine wood (Bektas et al., 1999), 57.49% of
black pine, 50.45% of beech pine (Istek et
al., 2008; Istek et al., 2009). F factor is ratio
of fiber length to fiber wall thickness and this
value gives information about the flexibility
of the papers to be obtained (Casey, 1961).

The F factor was calculated as 169.70 and
311.30, respectively in HW and SW of stone
pine (as seen in Table 5). In some trees, The
F factor was determined as 606.66 in the red
pine (Bektas et al., 1999), 586.38 as in the
black pine and as 512.00 in beech pine (Istek
et al., 2008; Istek et al., 2009).

Table 6. T Test micrographic measurement results of Black locust sapwood and heartwood®

Fiber cov Sig.

micrographic WT Mean b SE (%) balue (2-tailed)

Felting SW 84.87 0.620 0.100 0.73

ratio HW 83.74 0.820 0.130 0.97 6.747 0.000

Rigidity SW 21.50 0.420 0.060 1.95 i

coefficient(%) HW 19.48 0.380 0.050 1.95 24.845 0.000

Runkel SW 0.77 0.030 0.004 3.89

classification HW 0.64 0.020 0.004 3.16 -20.499 0.000

Elasticity SW 56.39 0.330 0.053 0.58

coefficient(%) HW 60.94 0.300 0.042 0.49 66.738 0.000

Miihlstep SW 68.43 0.070 0.012 0.10 -301.405 0.000

classification (%) HW 62.93 0.090 0.013 0.14

F factor SW 387.43 0.111 0.020 0.02 1798.794 0.000
HW 428.14 0.055 0.010 0.01

ONumber of samples: 44, WT: Wood type, SW: Sapwood, HW: Heartwood, SD: Standard deviation, SE: Standard error, COV:

Coefficient of variation

As seen in Table 6, The felting ratio,
rigidity coefficient (%), runkel classification,
elasticity  coefficient (%),  Miihlstep
coefficient (%) and F Factor were calculated
for HW and SW of black locust. As can be
understood from T-test analysis results,
micrographic ~ measurement  results  of
sapwood and heartwood  significantly
(p<0.05) differed from each other. In the
previous studies, the felting ratio of some
deciduous trees was found as 49.53 in white
willow, 45.96 in black poplar (Alkan et al.,
2003). When this ratio was higher than 70; It
is reported that tear, rupture and double
folding resistances of the paper will be high
(Bektas et al., 1999; Kirci, 2006). In the
felting ratio expressed as fiber length / fiber
width, the increase in fiber length positively
affects the ratio. Therefore, it will be better
to felting ratio of the papers to be obtained
from long fiber raw materials. However, too
long fibers create flocculation on the surface
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in paper making and disrupt the formation of
the paper (Bostanci, 1987).

The rigidity coefficient is directly related
to the cell wall thickness. The size of the
number obtained as a result of the proportion
reduces the physical resistance properties of
the paper (Tank, 1980). As given in Table 6,
it is seen that the difference between
sapwood and heartwood of black locust is
less (2.02%). In some studies, was found as
28.21% and 25.31% respectively, in sapwood
and heartwood of eucalyptus grandis
(Giiltekin, 2014). Likewise, as can be seen
from Table 6, runkel classification of HW
and SW of black locust was 0.64 and 0.77,
respectively. Runkel classification was1.02
and 1.28, respectively for sapwood and
heartwoodof eucalyptus grandis (Giiltekin,
2014). The fibers with a runkel ratio less than
1 belong to the class of thin-walled fibers and
are most suitable for papermaking. In
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papermaking, this ratio is desired to be equal
to 1 and less than 1 (Kirci, 2000).

Demonstrated in Table 6, black locust
heartwood has a higher coefficient of
elasticity than sapwood (4.55%). In similar
studies, this coefficient was 54% of
eucalyptus camaldulensis (ElI Moussaouiti et
al., 2012), 60.21% of populous tremula
(Ozkan, 2006), 43.76% and 49.37%,
respectively of eucalyptus grandis (Giiltekin,
2014). Fibers with a coefficient greater than
75 are very flexible fibers. Although their
fibers are suitable for pulp and papermaking,
they have very fine fibers and their tear
resistance will be low. In the values between
50-75 flexible fibers, partially crushed
during papermaking and high quality paper
will be obtained (Bostanci, 1987; Bektas et
al., 1999).

As the positively affects the flexibility of
paper, it is requested that the Miihlstep
classification is determines the effect of the
fiber wall on the physical properties of the
paper. Thin-wall fibers are easily crushed in
papermaking and positively affect the density
and resistance properties of the paper (Kirci,
2000). As seen in Table 6, Mihlstep
classification of HW and SW of black locust
was calculated as 62.93% and 68.43%,

respectively. By Alkan et al. (2003), this
classification was found as 55.37% in white
willow wood, 57.56% in black poplar.

As can be given from Table 6, in HW and
SW of black locust, F factor was found to be
428.14 and 387.42, respectively. In the
literature, for some deciduous trees, the F
factor was noted as 298.45 in white willow
wood, 250.75 in black poplar wood, 165.82
in the eastern plane-tree, 198.33 in common
ash wood (Alkan et al., 2003).

The effect of tracheal and tracheal on the
physical resistance properties of paper is
great. In Table 7, the relationships between
the morphological properties of the fibrous
cells and the physical properties of the paper
are given. It can be seen from the Table 7
that all physical resistance properties
(bursting, tearing and double-folding) except
the density of the paper improved with
increasing fiber length and the strength of the
paper increased. Generally, if the fiber length
increases, the bursting, tearing and double-
folding resistance of the paper increases. As
the fiber wall thickness increases, bursting
and double-folding resistance increases and
tear resistance and density of paper decrease
(Dadswell & Watson, 1961; from Bostanci,
1987).

Table 7. Relationship between fiber morphological properties and physical properties of paper
(Dadswell & Watson, 1961; from Bostanci, 1987)

. . Explosion Tear Double Folding Density of
Relationships i . . A
resistance resistance resistance paper
As fiber length increases + ++ + B
As cell wall thickness increases - + - -
As cell wall thickness decreases + - ++ ++
Fiber length / Fiber width increases +
Fiber curl increases -- + + -

(*): Porosity, air permeability, water holding capacity and volumetricity are inversely proportional to density; (+): It was determined
to have a positive effect; (++): It certainly has a positive effect; (-): It was found to have a negative effect; (--): It certainly has a

negative effect.

Conclusions

The results obtained in the study
examining the chemical and morphological
properties of heartwood and sapwood of
stone pine and black locust trees are listed
below;

-When the chemical properties are
examined: It was determined that heartwoods
have higher lignin (4.72% - 2.92%), ether
solubility (300.97% - 25.08%), hot water
solubility (20.35% - 11.58%), cold water
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solubility (2.87% - 5.33%), 1% NaOH
solubility (16.48% - 11.72%) and lower
alpha cellulose (4.64% - 4.62%), ash
percentage (100% - 95.23%) compared to
sapwood. However, the highest values for the
percentage of cellulose and holocellulose
were obtained from the heartwood of black
locust (50.5%) and in the sapwood of black
locust (80.7%).

-Again, stone pine sapwood is longer
fiber (39.09%), thinner-walled (33.05%) and
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wider lumen (75.39%) than heartwood. But,
it was determined that the sapwood of black
locust is shorter fiber (2.13%), thicker walled
(7.94%) and narrower lumen (12.44%) than
heartwood. On the other hand, according to
the micrographic measurement results, it was
understood that there were significant
differences between the sapwood and
heartwood of stone pine (131.74 in runkel
classification, 83.44 in F factor, 53.28% in
rigidity coefficient, 50.55% in elasticity
coefficient, 33.24% in miihlstep
classification, 19.73 in felting ratio).

- Also, according to the T test analysis,
statistically significant differences were
found between the heartwoods and sapwoods
of the experimental trees at 95% confidence
level.

As is known, the differences between the
chemical and morphological properties of
heartwood and sapwood have an important
effect on the properties of pulp and paper. In
this respect, in a pulp mill, it may not be
economical to uncombine the heartwood and
sapwood of the tree before pulping.
However, knowing these differences can
contribute to better control of the processes
taking place during pulp preparation and
papermaking and more accurate estimation
of final product properties.

Based on the findings obtained within the
scope of the study, it can be suggested that
stone pine is suitable for kraft (sulphate) and
soda methods among chemical pulp
production methods, similarly, the black
locust due to its short fiber, narrow lumen
and thin-walled texture is suitable for pulp
production with soda method.
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