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The plants raw materials are huge source with good stock and annualy renewable origin of fibers which are needed
for different kinds of industries. The wood is one of the most important and easy for processing and treatment raw
material for humanity. The wood consists of non-homogenous organic matter, which after chemical and mechanical
treatment converts to fibrous materials. The Cellulose is one of the most important components obtained from fibrous
materials. Another very actual and usable material in present day is the high yield fibrous material. This material is
suitable and perspective for using in composition of packing papers and corrugated boards.

Except the well-known and usable wood species like Populus in the last years in many regions like South-East
Europe there is a big demand and interest for Paulownia. The Paulownia belongs to group of fast growing hardwood
species, which makes it one of perspective sources of high yield fibrous materials.

In this research chemical mechanical pulps (CMP) from Populus and Paulownia woods are obtained. Then they
were bleached in two stages with H,O2 and Rongalyt C.

The artificial thermal ageing has been made. The measuring, tracing and evaluation of optical properties have been
performed of the obtained CMP before and after artificial ageing at temperature of 90°C for 0, 6, 12, 24, 36, 48 and 72h.

The aim of this work is to obtain chemical mechanical masses of Populus wood and Paulownia wood, to bleach

them, to age at 90°C and evaluate their optical and color characteristics.

Key words: fiber materials, thermal ageing, corrugated cardboard, packing industry, chemical mechanical pulp

1. INTRODUCTION

The timber as natural source and after improving
of its properties or after its revision is a universal
raw material for meeting various human needs [1,
2].

Fibrous materials with yield of over 65% from
the starting raw material are called high-yield. The
high yield is due to the initial composition of the
starting material or due to partial dissolution of
lignin and hemicelluloses [3].

The process of bleaching of high yield fibrous
materials differs from bleaching process of pulp.
The aim of bleaching of high vyield fibrous
materials is to discolor lignin and other coloring
substances in such manner that they not pass in
solution, i.e. without degradation to products with
low molecular weight, soluble in water or in alkali
solutions [4 - 6].

There are three basic methods for bleaching of
high yield fibrous materials: by oxidation, by
reducing agents and combined bleaching. To
achieve the best results it is preferable to use a
combined bleaching.

*) To whom all correspondence should be sent:
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Over time, during prolonged storage of each
fiber material irreversible changes in its properties
occur. This process is accompanied by changes in
the chemical composition and reduction of
mechanical strength of material. Ageing of the
fibrous materials is a complex process whose nature
has not yet been sufficiently clarified, as in the
course of this process many factors influence - the
type and chemical composition of the fibrous
material, pH of the medium, storage conditions, the
degree of impact of light rays on the fibers and
microbiological factors.

The thermal aging is due to oxidative processes
that take place under the action of heat, air oxygen,
and hydrolysis under the action of moisture or of
their synergy action. Thermal destruction is
associated with decrease of strength and causes
smaller or greater changes in the chemical
composition and properties. The content of lignin is
the main factor which depends on the ageing of the
fibrous mass [3, 7].

Features and characteristics of Paulownia
species. Paulownia from family Scrophulariaceae
includes nine highly adaptive species with valuable
timber. These are: P. elongata, P. tomentosa, P.
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fortuneii, P. australis, P. fargesii, P. albiphloea, P.
catalpifolia, P. taiwaniana and P. kawakamii [6].

Paulownia Populus

All species of the genus Paulownia are fast
growing with excellent timber, but most promising
in this respect are P. elongata (the emerald tree)
and P. fortunei, which for 8-10 years can reach 20m
tall and a trunk diameter of 30-40cm.

Features and characteristics of species
Populus. Populus are kind of fast-growing wood
species. They reach a height of about 25m. They
grow quickly and live up to 400 years. Typical for
poplar is that it has large number of equally spaced
conductive vessels that allow increasing the area of
interaction with chemical reagents during chemical
processing [2, 4, 5, 7].

2. EXPERIMENTAL
Used raw materials

The wood is split into chips with standard size
15x20x3mm [1].

The fibrous materials used in this study are:
CMP - chemical mechanical pulp from poplar wood
from species Populus deltoides clon - 235-15,
obtained in the laboratory; CMP — from timber of
P. tomentosa, obtained in laboratory conditions.

For obtaining CMP the following chemical
reagents are used: Na,SOs, pure analysis, NaOH.

Bleaching reagents are: H>0,, Rongalyt C
(NaHS0,.CH>0.2H,0), supplied by BASF;

The reagents Na,SiO3; and MgSO4 were applied
for stabilization of H,O,. NaOH was added to reach
the pre-determined pH level (10.5). In order to
bond the metals ions, the pulp was treated with the
complexion agent EDTA. The following
parameters of the produced CMP have been
determined: Yield [%], determined by weight
method in comparison to the mass of the absolutely
dry timber; Grinding degree, as determined by the
device Schopper — Riegler (°SR) per EN ISO 5267
— 1/AC: 2004; Microscopic analysis of the fibers
determined on a light microscope OLYMPUS
DX53.

For all used fibrous materials the degree of

Brightness R457 (1SO 2470:2002) was determined
before and after ageing thanks to the appliance by
Spectrophotometer Gretag Magbeth Spectroeye.
A. Production of CMP. Production of CMP is
performed according to preliminary determined
optimal regime: NaOH 7%, NaSOs; 5%,
temperature 80°C, treatment duration - 120 min and
liquor-to-wood ratio 1:5.

Chips from poplar wood and wood species
Paulownia with standard size are digested. Chips
pour with required amount of solution of NaOH
and Na,SO; and placed in a tempering container to
maintain a constant temperature.

After completion of specified period according
to the technological regime, the used solution was
removed and the chips have been washed to neutral
reaction. The treatment continued by chips refining
in a Sprout-Valdron laboratory mechanical refiner.
Further fiber materials was washed away and sorted
out manually between two sieves.

The yield of CMP is calculated by the mass
method. After soaking for 24 hours in distilled
water, the treated chips were washed to reach
neutral pH and dried into a drying apparatus at
105°C to achieve absolute dry state.

The yield of CMP is determined by weight
method. After 24 hours soaking in distilled water,
chips were washed until neutral reaction and dried
to constant weight at 105°C
B. Bleaching of the different types of fibrous
materials. The samples of CMP are bleached in
two-stage: | stage - bleaching with H.O,, Il stage -
bleaching with Rongalyt C. The conditions of
bleaching are given in Table 1.

Table 1. Conditions of bleaching CMP

Type of Quantity of reagent, T, Duration of Concentration of pH of the
Bleaching (%) (°C) process, (min) fibrous materials, (%) solution

| stage 2% H20; 80 120 10 10.5

Il stage 1.5% Rongalyt C 80 60 6 5
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First stage of bleaching

First-degree bleaching is performed with H.0- -
2%. To maintain pH = 10.5 additives of NaOH -
2%, Na,SiOs - 5%, MgSOs - 0.5% were used. For
binding of heavy metal ions EDTA - 0.5% is used.
All reagents are expressed in percent with respect
to absolutely dry fibrous material.

Certain amount of fibrous material is weighted
and placed in a plastic bag. In it a bleaching
solution is added and the mass is stirred to complete
homogenization. Then the bag is placed in a
thermostatic container that provides a constant
temperature in time of bleaching. The fibrous mass
in the bag is homogenized periodically to ensure
uniform bleaching.

This scheme applies to both fibrous materials.
After completion of the first stage of the bleaching
fiber material is washed to pH = 7 and then the
second stage of bleaching is performed.

Second stage of bleaching

In time of bleaching of both fibrous materials in
the second stage Rongalit C - 1.5% and EDTA -
0.5% are used under conditions shown in Table 1.
The method of bleaching is similar to those used in
the first stage. After completion of the bleaching
process the fibrous mass is washed again to pH = 7.

Samples of all fibrous materials before and after
bleaching have been prepared. After drying of these
samples the degree of brightness and yellowness is
determined.

C. Ageing of CMP. Samples of unbleached,
single-step bleached and two-steps bleached CMP
were subjected to thermal ageing for 72 hours at
temperature of 90°C. For all used fibrous materials
the degree of Brightness R457 (ISO 2470:2002)
was determined before and after ageing thanks to
the appliance by Spectrophotometer Gretag
Magbeth Spectroeye. Furthermore, the degree of
brightness of bleached samples was determined at
the Oth, 6th, 12th, 24th, 36th, 48th and 72th hours
from the start of the artificial thermal ageing [2, 3,
5and 7].

Microscopic analysis of fibrous materials
Microscopic images have been made by
light microscope OLYMPUS BH 53. Before
observations a small part of study mass was taken
and placed in a test tube. Distilled water is added
and mass is shaken vigorously until a uniform
suspension with concentration of about 0.05% is

obtained. A few drops of fibrous suspension are
applied to a slide. Excess water is removed with
filter paper. Carefully the fibers are distributed in
the drop and later the drop is dried under a lamp at
a temperature of about 60°C. Once the slide is
cooled for a while a drop of staining solution is
applied on the fibers and they are covered with a
glass roof, making sure no air. As staining solution
for identifying the fibrous material a reagent of
Herzberg (ISO 9184-3: 1990) - [CI-Zn-1] is used.

3. RESULTS AND DISCUSSION

The results data of the chemical analysis
and physical characteristics of the two types of
woods are: for Populus deltoides clon - 235-15
lignin is (21%), cellulose (50.9%), for Paulownia
Tomentosa lignin e (20.2%) and cellulose (39.2%).
The yield and grinding degree of resulting CMP are
defined: the yield of the type Paulownia tomentosa
is 86% and 13°SR, the yield the type Populus
deltoids clon -235-15 is 88% and 12°SR.

CMP are bleached in two stages. The
artificial thermal ageing of bleached and
unbleached under different conditions CMP is
made. In order to study the kinetics of the process a
thermal aging is carried out at temperature of 90°C.
The change of the degree of whiteness with time of
0, 6, 12, 24, 36, 48 and 72 hour s was observed.
The obtained kinetic curves of Fig 3 and 4
(Paulownia and Populus) show that whiteness
declines over time; the process is accelerated with
increasing of temperature.

Figure 1 shows the changes of brightness at the
process of artificial ageing. Figure 2 shows the
changes of the yellowness at the process of
artificial ageing. From Fig. 1 it can be seen that
the degree of whiteness decreases for all
fibrous materials. In the same conditions of
preparation and bleaching of fibrous masses
higher degree of whiteness is achieved with the
samples of Paulownia.

From Fig. 2 it can be seen that regardless of
the type of test specimens their yellowness (%)
is increased with time. There are almost
identical values for yellowness of unbleached
CPM of Paulowvnia and two-stage bleached
poplar CPM.
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Fig. 2 Change in the degree of Yellowness of bleached

bleached and unbleached CMP samples in artificial
thermal ageing at 90°C.

From Figures 1 and 2 (at 90°C) it can be
seen that CPM from Paulowvnia in bleached
and unbleached state the degree of whiteness is
higher and the degree of yellowness is lower
compared to bleached and unbleached CPM of
Populus. CPM from Paulowvnia has better

properties regardless of the way they are
received and bleached.

Ageing is a complicated process which does
not obey formal kinetic principles. The reaction

[“20ym |

and unbleached CMP samples in artificial thermal ageing
at 90°C.

proceeds usually on certain places called active
centers, which over time deplete. The active
centers are in fact different functional groups
primarily of lignin, which in time of the ageing
process due the oxidation can form conjugated
double bonds with aromatic ring. This way the
destroyed during bleaching chromophores can
recover. The next microscopic images are made
from different CMP.

Picture 1. Unbleached CMP of Paulownia Picture 2. Bleached two-stage CMP of Paulownia
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Picture 3. Unbleached CMP of Populus  Picture 4. Bleached two-stage CMP of Populus

At pictures 1 and 3 (unbleached CPM of
Paulownia) characteristic elements of CPM -
coarse fibers with uneven and irregular shape can
be seen. They are typical for hardwood structural
elements - the trachea, libroform cells and torn
fibers, probably from production and grinding of
fibrous mass. Tracheas have tapered edges.

Picture 2 shows structural elements which have
more twisted and more disorganized parts in
comparison to those who did not undergo drastic
conditions of bleaching.

Picture 3 shows typical poplar wood vessels
with open ends with extensions. There are sections
of fibers with torn edges, preferably bundles of
fibers and also small particles.

Picture 4 shows samples of poplar after
bleaching. Characteristic fibers can be seen: with
pores and libroform bundles of fibers and vessels
with varying size and shape as thick tubes with
mesh construction. More wide and shorter fibers
typical for hardwood and wide variety of structural
elements are well visible, in comparison with
softwood.

If compare structural components of the
microscopic images of two types of wood Populus
and Paulownia, we can say that Populus has
smaller number of pores in the walls of trachea and
smaller number of tracheas which leads to higher
density of poplar wood. The presence of tracheas
negatively affects physical and mechanical
properties of fibrous materials, but improves water
permeability.

4. CONCLUSIONS

1. Poplar wood and wood from Paulowvnia are
fast-growing hardwood species. Poplar wood has a
density (451kg/m®) and rich carbohydrate part,
suitable for obtaining of CMP

2. Chemical-mechanical masses of species
Populus deltoides clon - 235-15 and Paulownia
tomentosa are obtained at pre-established regime
with vyield respectively 88% and 86%, and degree
of grinding respectively 12°SR and 13°SR.

3. Microscopic pictures show typical for
hardwood species large numbers of structural
elements and larger numbers of pores in the walls
of the trachea, which is indicative for their lower
density, especially for type Paulownia;

4. CPM after two-stage bleaching reaches
whiteness for Paulownia tomentosa 65.6% and for
Populus deltoides clon - 235-15- 57.99%;

5. At the same conditions of obtaining and
bleaching Paulownia tomentosa has higher degree
of whiteness [%] and lower degree of yellowness,
which is maintained in the aging process too.

Acknowledgments: The authors thank the
Scientific Research Centre (contract Nell1523) at
the UCTM Sofia for the financial support of these
investigations.

REFERENCES
P. Panayotov, K. Kalmukov, M. Panayotov,
“Comparative researching of fast growing species
properties from Bulgaria”, Scientific-Technical
Conference, Innovation in woodworking Industry
and Engineering Design, Sofia, pp. 42 — 47, 2010.
2. R. Boeva, Food and Packaging Science, Technology

and Technologies, 4, 15 (2014).

3. R. Boeva-Spiridonova, E. Petkova, J. UCTM, 42, 41
(2007).

R. Boeva, Radeva G., P. Hinkov, E. Hinkov, J.
UCTM, 47, 37 (2012).

5. S. Ates, Y. Ni, M. Akgul, A. Tozluoglu., African J.

Biotechnol., 7, 4153 (2008).

6. A. Ashori, A. Nourbakhsh, Eur. J. Wood Product, 67,

323 (2009).

7. S. Ates, Y. Ni, M. Akgul, A. Tozluoglu., African J.

Biotechnol., 7, 4153 (2008).

1.

4.

119



R. Boeva et al.: Evaluation of changes in the optical properties of high yield fibrous materials under thermal treatment

U3CJIEJBAHE HA IIPOMEHMTE B OIITUYHUTE CBOMCTBA HA BUCOKOJJOBMBHUTE
BJIAKHECTU MATEPUAJIN ITPY1 TEPMHUYHA OBPABOTKA

P. boesa'*, . Cimpunonos?, T. boxkosal, JI. Hopakosuu?, b. bamkanun?

Kameopa ,, Llenynosa, xapmus u nonuzpagus “,
Xumurxomexuonozuuen u memanypeuuer ynugepcumem, oyn. ,, Knumenm Oxpuocku* 8, Cogus, 1756, Bvreapus
2 Vuueepcumem na Hosu Cao, Texnuuecku gpaxynmem, Kameopa no epagpuuno unscenepcmso u ousaiin, Copbust

TocTenmna Ha 27 HoemBpH, 2016 r.;kopurupana Ha 15 peBpyapu, 2017 1.
(Pe3rome)

PacTurenHuTe CypOBHHH Ca TONSAM U €KErOJHO BH30OHOBSBAII CBOUTE PE3epBU CYpOBMHEH M3TOYHHK. /[bpBecuHaTa €
HE caMo e/Ha OT Hal-CTapHuTe M Haii-1eCHO 00pabOTBaHWTE CYpOBHMHH, HO M €IHA OT Haif-Ba)KHUTE 32 YOBEUYECTBOTO.
Ilo cBosiTa CBHUIHOCT TS € HEXOMOI€HHa OpraHMYHAa MaTepus uYpe3 UYUSATO XHMMHYHA IpepabdoTKa ce IMpeBpblla B
pa3IMYHY BUAOBE BIakHECTH Marepuand. OT TSIX ce W3M0JI3Ba MPEAUMHO IIETyJIo3aTa, HO JHEC HHTEPEC IPEICTABIIBAT
1 BICOKOZOOMBHHTE BIAKHECTH MaTeprain. To3u MaTepHal € IMOAXOAAII U NEPCIIEKTHBEH 3a M3II0JI3BaHE B ChCTaBa Ha
Pa3IMYHY BUIOBE ONTAKOBBYHM XapTHH U KapTOHH.

OcBeH n100pe mo3HaThs HU ObpBeceH Bua Populus, npes mocnenuute ronuau B FOronsrouna EBpona mMa HHTEpEC KbM
u3cieaBaHe W W3Moi3BaHe Ha Buaa Paulownia, koiito cbIIo cnaga KeM rpynara Ha Obp30 PacTALIUTE JbPBECHH
IIMPOKOJINCTHN BHJOBE M NpPaBH TO3HM BHUJ €IUH OT IEPCIEKTHBHUTE H3TOYHHIM Ha BHCOKOJOOMBHH BIIAKHECTH
MaTepHau.

Ot n1BeTe IbPBECHHHM Ca MOJY4YeHH XMMHKOoMexaHn4yHU Macu (XMM). Cien ToBa Te ca u30esieHH IBYCTETIEHHO
(H20 and Rongalyt C) u mo/iioskeHn Ha TEPMUYHO CTapeeHe.

IIpocneneHn ca M3MEHEHMATa B ONTUYHMUTE CBOMCTBa Ha noaydeHure XMM mpenu u cinell U3KyCTBEHO
tepmuuHo crapeene or 90°C na 0, 6, 12, 24, 36, 48 and 72h. HanpaBeH € MHMKPOCKOIICKM aHaIHW3 Ha TOJyYEHUTE
BJIAKHECTH MaTepHaIIH.

IlenTa Ha HacTOAIIETO M3CIEBAHE € MTOy4aBaHe, n3benBane u ctapeeHe mpu 90°C Ha XUMUKOMEXaHUYHH MacH,
nony4eHu ot tornonosa (Populus) nepBecuna u nbpBecrHa or Paulownia u oLeHsBaHE NMPOMEHHUTE B ONTHYHUTE H
I[BETOBH XapaKTEPUCTHUKH.
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