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Obtaining of high yield fibrous material from hardwood and evalution of their optical
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The main fibrous materials used in the pulp and paper industry are: cellulose, semi chemical pulp, high yield fibrous
materials (HYFM) and second fibers. All of them are of plant origin. They are obtained mainly from wood and annual
plants.

In this study was used poplar wood species with improved density of type - Populus deltoids cultivar Hunnegem
with density of 504 kg/m?®. In this research were obtained two types of chemical mechanical pulps (CMP). CMP of Type
1 was obtained with 7% NaOH and 5% Na,SOs, and CMP of Type 2 was obtained with 7% NaOH, 5% Na,SOs and 2%
H20,. The CMP of Type 1 and 2 were received under the same conditions of temperature, hydromodul ratio, duration of
process etc.

Both of Chemical Mechanical Pulps have a low degree of brightness, and therefore they are bleached in two stages.
The initial process of bleaching was conducted with H,O, and second stage was performed with Rongalyt C. The
samples of both CMP pulps were exposed to artificially thermal ageing at 105°C. The changes of brightness and
yellowness in process of the thermal ageing of 105°C at 0, 6, 12, 24, 36 and 48 hours have been measured.

The main goals of this research are obtaining, bleaching in two stages, thermal ageing and evaluating of brightness
and yellowness properties of CMP hardwood.

The experimental results of this study shows that the obtained CMP hardwoods could be added to papers for
printing, graphic and packaging industry for increasing of printing properties (printability), adhesion of inks and

varnishes and optical properties (opacity) of papers.
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INTRODUCTION

The Populus are fast-growing species trees.
Reaches a height of about 25m and live up to 400
years. The Poplar wood finds wide application for
the production of fibrous materials, and the
advantage is that thews are grown easily and well
adapted to soil and climatic conditions of our
country [1, 2].

Poplars are found in warm and low parts of our
country. In Bulgaria meet basic 4 types of poplar:
white poplar (Populus alba), black poplar (Populus
nigra), gray poplar (Populus canescens) and aspen
(Populus tremula) [3-5].

Of all the physical properties of wood most
important is density. From her depends on the
guantity of expenditure in digesting liquid [6, 7].

EXPERIMENTAL

Chemical mechanical pulps (CMP) are obtained
from the fast-growing hardwood poplar wood from
species Populus deltoids cultivar Hunnegem.
During the process of production of CMP are used:
Na,SOs, analytical grade, NaOH and H,O,. During
the bleached are utilized: H202, analytical grade,
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Rongalyte C (NaHS,.CH,0.2H.0), from BASF.
The initial material for laboratory experiments is a
Poplar

wood, characterized by higher cellulose content,
lower lignin content and higher density.

The reagents Na,SiOs; and MgSO4 were applied
as stabilizers of the H,O.. NaOH was added to
reach a pre-determined pH level (10.5) [2, 5].

The following parameters of the produced CMP
have been determined:

o Yield [%], determined by weight method in
comparison to the mass of the absolutely dry
timber;
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o Milling degree, as determined by the device
Schopper — Riegler (°SR) as per EN ISO 5267 —
1/AC:2004;

e Microscopic images of the CMP. Used a light
microscope OLYMPUS BX 53.

For all used fibrous materials the degree of
Brightness R457 and Yellowness (ISO 2470:2002)
was determined before and after ageing thanks to
the appliance by Spectrophotometer Gretag
Magbeth Spectroeye.

Production of CMP

Wood cleaned from the root part and later
shredded into slices with 20mm thickness. After
roots removal the wood was chopped into chips of
standard dimensions of 15x20x3mm. Used poplar
wood species Populus deltoids cultivar Hunnegem
is 100g in absolutely dry fibrous mass [5].

Obtained two types chemical mechanical pulps:
*CMP of Type 1 is obtained with 8% NaOH and

5% NaSOs;
*CMP of Type 2 is obtained with 8% NaOH, 5%
Na,SO; and 2% H,0..

The CMP of Type 1 and 2 were received under
the same conditions of temperature (80°C),
hydromodul ratio 1:5, duration of process 120 min
etc.

The preliminary weighted chips have been
placed in a thermostatic container with the aim to
temper it and to maintain the required permanent
temperature.

After retention for a specified period, the used
solution was removed and the chips have been
washed to reach pH=7. The treatment continued by
chips refined in a Sprout-Valdron laboratory
mechanical refiner. Further fiber materials it 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.

Bleaching of fibrous materials

First stage of bleaching — with 2% H,0;:

During the first stage of whitening pH=10.5
and it is maintained thanks to additives like: NaOH
2%, Na,SiO; 5%, MgSOs 0.5%. In order to
sequester the ions of the heavy metals - solution of
EDTA (ethylenediaminetetraacetic acid) was
utilized. The quantities of all reagents are expressed
as percentage regarding the absolute dry fibrous
material. Separately prepare bleaching solution as a
final H.O, was added and the solution was stirred
to homogeneity. The fibrous materials is placed in a
polyethylene bag. The content of the bleaching
solution is poured at mass for bleaching. During the
process, the mass is mix periodically. After the
completion of the first stage, the fiber material is
washed properly to obtain pH 7 and in this manner
it is able to undergo the next phase. The conditions
of bleaching are given in Table 1.

Table 1. Conditions of bleaching CMP

Type of Quantity of T, Duration of Concentration of pH of the
Bleaching reagent, (%) (°C)  process, (min)  fibrous materials, (%) solution
I stage 2% H,0; 70 10 10.5

Il stage 1.5% RongalytC 70 6 5

Second stage of bleaching - Rongalite C

The conditions of the bleaching in the second
stage are presented in Table 1. During the second
stage of whitening of the two fiber materials, the
reagents utilized are Rongalyt C 1.5% and EDTA
0.5%. The process of bleaching is similar to the one
described in the first stage. After completion of the
process, the fibrous mass is washed away again to
adjust pH 7.

Ageing of fibrous materials

High-yield fibrous materials contain a lot lignin
and therefore faster ageing. Samples of unbleached
and both bleached (single-step and two-step)
fibrous materials. Obtained are samples which are
dried under natural conditions in the dark, without
interference by direct sunlight. After drying the
samples are subjected to artificial thermal aging at

105°C. In order to characterize the ageing process
for bleached and unbleached samples, the degrees
of brightness and yellowness for periods of 0, 2, 4,
6, 12, 24, 36, 48 and 72 hours since the
commencement of the artificial thermal ageing are
determined.

Microscopic analysis of the fiber material

After obtaining, bleaching and ageing CMP
were taken microscopic pictures of apparatus
OLYMPUS BX 53. Microscopic analysis was made
on the requirements of 1SO 8658-71. Prior to this a
small amount of each sample was treated to
produce a fibrous materials, which was then treated
wich distilled water aiming to obtain a
homogeneous suspension of a concentration of
0.05%. After drying of samples is added solution of
Cl-Zn-J (Herzberg reagent) in 1ISO 9184-3:1990.
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Table 2. Chemical and physical properties

Wood

Density in air dry state, [kg/m®]

Cellulose, [%] Lignin, [%]

Populus deltoids cultivar
Hunnegem

504

50.4 21.2

RESULTS AND DISCUSSION

The results of the chemical analysis and physical
characteristics of the used wood of the species
Populus deltoids cultivar Hunnegem are presented
in Table 2.

From the data in the Table shows that the test
species poplar is characterized by much higher
density than the usual (about 300-350 kg/md)
known species of poplars in Bulgaria. It differs with
higher quantity of cellulose than 50% and lignin
about 20%. This shows that this type poplar is
suitable for obtaining HYFM and its use in the
composition of different types of papers and
cardboards.

During the study we obtained CMP type 1 -
yield is 90% and degree of milling was 13°SR,
CMP type 2- yield is 88% and degree of milling is
14°SR.

The utilization of HYFM in various brands of
paper and cardboard is limited because of the low
level of whiteness. Therefore, the resulting
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Fig. 1 Change of the degree of Brightness with time
from CMP type 1

From Fig. 1 it can be seen that the degree of
whiteness decreases in all fibrous materials,
regardless of whether it is unbleached, bleached in
two stages or one stage, but to varying degrees. The
higher degree of whiteness in the aging process is
retained in a two-stage bleached materials.

Fig. 2 shows that regardless of the type of the
test samples (bleached or unbleached), yellowness
increases with time. Less increase in the degree of
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chemical mechanical pulp is bleached in two
stages.

For CMP type 1 degree of whiteness has
increased by about 20 units. Almost the same result
was obtained for the other CMP type 2 about 21
units (fig. 1-4).

The degree of yellowness in CMP Type 1 has
decreased about 12 units of type 2 about 14 units. It
is seen that in the process of aging as time went on,
the degree of whiteness decreases and the degree of
yellowness increases in all samples.

Furthermore artificial thermal ageing at 105°C is
conducted. In order to investigate the impact of this
ageing over the parameters of the different fiber
materials, bleached and unbleached ones, the levels
of whitening and yellowness are measured after
various periods of time 0, 6, 12, 24, 36 and 48h.
The most intensive in the process of artificial
thermal aging change is observed in the early in the
process.

On Figs 1 and 2 show the kinetic patterns that
show the change of the degree of whiteness and
yellowness over time for CMP type 1.
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Fig. 2 Change of the degree of Yellowness with time
from CMP type 1

yellowness was observed in a two-stage bleached
pulp - about 4 units.

In Fig. 3 are observed the same tendencies. The
difference here is that the receiving of CMP type 2
it is treated with H.O, and another in unbleached
type this mass is a degree of whiteness 42.59%. The
mass is about 5 units higher brightness compared
with CMP type 1.
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Fig. 4 shows the degree of yellowness increases
with time in all samples. From figure 2 and Fig. 4
shows the degree of yellowness increases with
about 4-6 units, regardless of how it is obtained the
mass, whether bleached or unbleached. Fig. 1 and
3 it is seen that when using the bleaching reagent,
in this case H.0,, another during the actual obtain

the CMP, to increase the degree of whiteness of
z 2

Picture 3. Unbleached CMP type 2

From microscopic images from CMP
visible characteristic  structural elements of
hardwood. There was no difference in the
microscopic analysis of fibrous materials in
unbleached, bleached a one or two stage types.
Perhaps the two stage bleached mass see a chopped
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Fig. 4 Change of the deéree of Yellowness with time
from CMP type 2

unbleached CMP (type 1 and 2) by approximately 5
units (from 37.37 to type 1 to 42.59 with type 2).
The degree of yellowness of the two types CMP
are: CMP type 1- 48.95% and CMP type 2 -
44.95%. Of fibrous material from CMP type 1 and
CMP type 2 unbleached and two stage bleached
type made microscopic images.

Magnification: 20 x

Picture 4. Two bleached CMP type 2

fiber or twisted more and more jagged edges
(pictures 1 - 4).

Observed typical HYFM - rough and uneven.
They can see the another typical hardwood
elements and torn fibers. These ruptures are
obtained most likely by — rafined pa3munane
milling or at the very chemical treatment of the
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wood during their transformation into a fibrous
materials. There are typical dishes with open ends
that have the extended typical of the hardwood.

CONCLUSIONS

» Populus deltoids cultivar Hunnegem of fast
growing species wood, with density of 504 kg/m3
and rich carbohydrate portion, cellulose (50.4%)
and lignin (21.2%). It is therefore suitable for
obtaining of high yield fibrous materials.

» Obtained two types of works (type 1 and
type 2). Type 2 is used in H2O; at the receiving of
the table, and type 1 without H2O. (other things
being equal). Yield CMP type 1 is 90% and degree
of milling - 13°SR and extraction of CMP type 2 -
88%, and the degree of milling - grinding is 14°SR.

> Because of the low level of brightness, the
CMP was treated by two-stage bleaching. During
stage | the agent utilized was an H,O,, while during
stage Il reduction agent was applied - Rongalyt C.
The final degree of brightness achieved for CMP
type 1 (57.88%) and CMP type (63.15%). The
obtained CMP has good optical properties and they
can be used in the composition of even higher
quality types of paper and paperboard.

» From microscopic photographs show
typical structural elements typical of the hardwood.

In some parts have chopped fibers, twisted or those

with jagged ends.
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HOJIYYABAHE HA BUCOKOJOBMBHU BJIAKHECTH MATEPUAJIA OT
MNPOKOJIMCTHA JBbPBECHMHA 1 OHEHKA HA TEXHUTE OIITUYHU CBOMCTBA B
ITPOLIECA HA TEPMUYHA OBPABOTKA

P. Boesa'*, . Criupunonos?, I'. Panesa?

Kameopa ,, Llenynosa, xapmus u noruzpagus
2Kameopa ,, Dusuxoxumus “
Xumurxomexnonozuuen u memanypeuien ynusepcumem, o6yi. ,, Knumenm Oxpuocku® 8, Cogpus, 1756, Pvaeapus

IMoctenuia Ha 27 HoemBpH, 2016 r.; [Ipuera 3a meyar Ha 23 maii, 2017 r.

(Pesrome)

OCHOBHUTE BJAKHECTH MAaTEpUaId H3IOJN3BAaHW B LEIYJIO3HO-XapTHEHaTa MPOMHIUICHOCT ca: Leylio3a,
MOJTYLENyJ03a, BHCOKOAOOMBHH BIAKHECTH MaTepHald M BTOPUYHM BIAKHECTH MaTepuaid. Bcuykn Te ca oOT
pacTuTeseH npousxoa. [loayyaBar ce OCHOBHO OT JbPBECHHA M €THOTOAUIIHN PACTCHHS.

B ToBa m3cnezBaHe e M3MOJI3BaHA TOIOJIOBa AbpBecuHa oT Buma Populus deltoids cultivar Hunnegem c
nosuinena msTHOCT (504kg/m?). Tlonydenu ca nBa Buaa xumuko-mexanuunu mack (XMM). XMM tun 1 e nonydena
camo cbc 7% NaOH n 5% Na SOz a XMM tun 2 cec 7% NaOH, 5% Na.SOs u ¢ 2%H;0,, npu enHakBu Ipyru
YCIIOBHS — TEMIIEPATYpa, XUIAPOMOIYII, MPOABIKATEIHOCT Ha TPOIIECca U T.H.

Isere XMM ca c HHCKa cTelneH Ha OeoTa M 3aToBa Clie[] ToBa ca n30eseHn ABycTeneHHo. [Ipu mppBa cTeneH
n3besBanero € nposeaeHo ¢ HyOy, a Ha Bropa crenen ¢ Rongalyt C. Cnien ToBa € MPOBEAEHO € M3KYCTBEHO TEPMHUUHO
crapeene nipu 105°C. [Ipocnenena e mpomsiHaTa B OesloTaTa W XBATHHATA MPHU TepMudHO ctapeere ot 105°C nHa 0, 6,

12,24, 36 n 48 gac.

Llenta Ha Hacrosmara paboTa e mNodydaBaHe B JIaOOPATOPHM YCIIOBHMS HAa XWMHKO-MEXaHWYHH MacH OT
HIMPOKOJIMCTHA JTbPBECHHA, MOCIEBAIIO JBYCTEIEHHO M30e€sBaHEe M NpOCieAsBaHe Ha W3MEHEHHMETO Ha OejoTara W
XKBITHHATA C TEUEHUE HAa BPEMETO MpU TepMHUuHO cTapeere ot 105°C.

ExcrieppuMeHTamHuTe pe3ynaTaTH OT TOBa NPOYYBaHE MOKa3BaT, ue moiydyeHuTte XMM 0T MIMPOKOIMCTHH
J'bPBECHM BHJOBE Morar Ja OblJar 1o0aBeHM B ChCTaBa Ha XapTUMTE 3a MoiaurpaduuHarta ¥ OINAKOBHYHA
npoMuiuieHocT. Te momoOpsBaT IeYaTHUTE CBOMCTBA, ajuXxe3usita C MacTWia, JIAKOBE W ONTHYHHTE CBOMCTBA

(HEeTpOo3pavHOCT) HAa XapTHUUTE.
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