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HEMP FIBRE AS A RAW MATERIAL FOR PAPER
PRODUCTION IN THE ASPECT OF NATURAL
ENVIRONMENT PROTECTION

KONOPI JAKO SUROVINA PRO VYROBU PAPIRU
PRI OCHRANE PRIRODNIHO PROSTREDI

P. Baraniecki, J. Mankowski

Institute of Natural Fibres, Poznari, Poland

ABSTRACT: Oil and fibre flax and hemp plants were cultivated in strongly devasted landscape in the region of mining and
processing of copper ore. It was confirmed that cultivation of these crops reduced soil content of copper, zinc, cadmium and
lead in some cases (Tab. I). These metals are absorbed by crops and are deposited particularly in their roots and seed and to
a smaller extent in stems (Tab. IT). The yields of stems and seeds are not considerably affected by cultivation of above crops
in disturbed natural conditions (Tab. IIT). These results show that mentioned technical crops should be used for reclamation
of soil contaminated by heavy metals with further utilization of biomass produced in the paper industry. Laboratory experi-
ments were conducted with preparation of pulp from hemp plants. Experiments with its defibring (Tab. 1V) and bleaching of
pulp (Tab. V) show many advantages compared with wood: higher yielding capacity of pulp from fibre (roughly 70%) and
three to four times lower consumption of alkali than in defibring compared with wood. Disadvantages of pulp from hemp
fibre are in more difficult dehydration ability, more difficult desintegration of fibre and bleaching.

oil and fibre flax; hemp; heavy metals; pulp from hemp plants

ABSTRAKT: Lej olejny a pradny a konopf byly péstovény v silné devastované krajiné v oblasti t&Zby a zpracovini médéné
rudy. Bylo prokdzdno, Ze péstovani téchto plodin sniZuje v piidé obsah médi, zinku, kadmia a v nékterych piipadech i olova
(tab. I). Tyto kovy jsou plodinami absorbovény a jsou uloZeny zejména v jejich kofenech a semenech a v men$i mife i ve
stoncich (tab. II). Vynosy stonku a semen nejsou péstovdnim zminénych plodin v narufenych pfirodnich podminkdch vyraz-
néji ovlivnény. Ani kli¢ivost semen vyprodukovanych na experiimentdlnich pozemcich neni zdevastovanym prostiedim vy-
raznéji ovlivnéna (tab. IIT). Tyto vysledky ukazujf, Ze zminéné technické plodiny by mohly byt pouZity k rekultivaci pidy
kontaminované téZkymi kovy s dal§im vyuZitim vyprodukované biomasy v papirenském primyslu. Byly provedeny labora-
tornf zkousky s pfipravou bunifiny z konopi. Experimenty s jeho rozvldkiiovdnim (tab. IV) a s bé&lenim ziskané buni¢iny
(tab. V) ukazujf ve srovnin{ se dfevem mnoho pfednosti: vy$§i vytéZnost buni¢iny z vldkna (kolem 70 %) a tfikrét aZ Ctyfikrat
niZ3f spotiebu alkélif pfi rozvldkiiovani neZ u dfeva. Nevyhody bunifiny vyrobené z konopného vldkna spocivaji v obtiZng&jsf
dehydrovatelnosti, obtiZné&js{ dezintegraci vldkna a obtiZn&j$im bélenf.

len olejny a pradny; konopf; téZké kovy; buni¢ina z konop{

INTRODUCTION

The dynamic development of economic activity in
the world caused a considerable increase in demand for
different kind of raw materials and a huge amount of
energy for their processing. This activity also creates
high amount of wastes and sludge threatening the natu-
ral environment. Unfavorable impact on the environ-
ment is connected mainly with the processes of coal
and liquid and gaseous fuels burning as well as mecha-
nical thermal and chemical processing of mineral raw
materials. Predominant role in pollution is plyed by gas
and dust emissions containing toxic compounds of
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fluorine, phenol, sulphur, nitrogen and many heavy
metals like Pb, Cd, Fe, Zn, Cu, Cr, etc.

The stock on natural lubricants is limited, energy
production costs grow constantly and the environment
is more and more degraded. The use of plant raw ma-
terials, specially those showing intensive biomass pro-
duction, should help in thrifty utilization of traditional
raw materials like petroleum, natural gas, oar coal. It
should also effect the natural environment protection
and stimulate the solving of agricultural problems. The
cultivation of fibrous industrial plants is an alternative
for food plants cultivation in ecologically degraded
areas where food crops are potential danger to human’s
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_ health. The region of Gérny Slask and Legnica-Glogéw
Copper Mining and ‘Production Region are the exam-
ples of ecologically degraded areas in Poland.

The above-mentioned facts resulted in the research
on fibrous, industrial and non-food crops cultivated in
degraded areas in order to find out how they yield in
the conditions of polluted soil, to establish their effect
on the soil and studying the possibilities of application
of plant biomass.

MATERIALS AND METHODS

The research was conducted in the safety buffer
zone of the Copper Plantin in Glogév. The following
plant materials were used: hemp — Biatobrzeskie va-
riety, fibre flax — Minerwa variety, oil flax — Bionda
variety. The content of metals in the soil was estimated
using the ASA method before sowing and after the
harvest. During the vegetation period the development
stages and necessary post-emergence treatment were
carried out. After the harvest the total yield of straw
and seed was estimated and morphological measure-
ments were carried out. The samples for estimation of
heavy metal content were taken.

Investigated was also the usefulness of fibrous raw
materials for pulp production. The hemp fibre was cut
into pieces and pulped in autoclaves in the solution of
sodium hydroxide in controlled conditions of time and
temperature. Obtained pulp was beaten twice and sub-
sequently bleached in sodium hypochlorite.

RESULTS

1. Fibrous plants in ecologically degradated environ-
ment. The content of heavy metals in the soil eg. Cu,
Pb, Zn, Cd before sowing and after harvest is in Tab. L.

The results in Tab. I show that generally the concen-
tration of heavy metals in the soil was decreased as the
effect of accumulation of metals in vegetative and ge-
nerative parts of plants. One can presume that if the
emission of metals is stopped, through utilization of
filters or its elimination, the fibrous plants will gradually
recultivate polluted areas and eliminate the introduc-
tion of heavy metals into the food chain of humans. The
accumulation of heavy metals is shown in Tab. II.

Analyzing the content of metals in individual parts
of the plant it can be said that the strongest accumula-
tion took part in roots and next in seeds. During the
study the observations regarding the effect of metals
contained in the soil on the quantity and quality of yield
were also carried out. The results of yields obtained are
shown in Tab. III.

Based on the results obtained one can conclude that
the presence of heavy metals in the soil from buffer
safety zone had no negative effect on the yield of fi-
brous plants biomass, both the quantity and quality,
neither on the sowing value of seed material. The ob-
servations of development stages showed that plants
were developing properly and did not suffer any dis-
eases when reached the proper height.

2. The usefulness of fibrous plants for pulp produc-
tion. The study on possibilities of hemp fibre for long

1. The contents of heavy metals before sowing and after harvest in the soil from the safety buffer zone of Copper Plant in Glogéw

Plant Soil reaction Time Metal content (mg/kg) of dry metal of the soil
pH of sampling Cu Pb Zn cd
Fibre flax Minerwa 66 before sowing 194 85 38 0.5
after harvest 145 52 16 0.3
bef i 135 66 21 3
Hemp Biatobrzeskie 55 CHESOINE 9
after harvest 138 63 15 0.2
bef i 125 59 24 i
Oil flax Bionda 52 SO RwinE il
after harvest 113 68 12 0.2
1L The contents of Cu, Pb, Zn and Cd in plant material of dry matter (mg/kg)
Plaiit Part of the During flowering stage During the harvest
plant Cu Pb Zn cd Cu Pb Zn cd
seeds - - - - 15.9 1.0 74.7 0.37
Fibre flax
Minerwa stems 9.8 2.6 185 0.40 4.1 2.0 213 0.59
roots 21.8 6.0 23.1 0.82 30.4 8.0 42.5 1.10
seeds - - - - 21.3 0.8 64.6 0.17
Hemp
Bialobrzeskie stems 222 45 13.0 0.19 9.7 2.0 11.6 0.1
roots 86.3 14.0 34.0 0.50 41.7 6.0 215 0.32
seeds - - - - 10.0 0.1 71.0 0.35
0il flax
Bionda stems 17.5 23 31.7 0.27 5.7 1.0 237 0.49
roots 17.8 1.8 28.2 0.30 16.8 4.0 29.6 0.72
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fibre pulp production was conducted jointly with the
Pulp and Paper Institute in £6dZ. The results of trials
of pulping of decorticated hemp fibre are shown in
Tab. IV.

The above-mentioned results indicate that predicted
degree of pulping (Kappa No. = 10) was reached al-
ready with addition of 10 and 11.2% of NaOH during
180 and 210 min., at 165 °C. It means that hemp fibre
is an easy-to-pulp material. The average efficiency of
pulps with aimed degree of pulping was around 70%,
e. g. more by 25% from pulping efficiencies of wood
at the similar degree of pulping. This is a great advan-
tage of hemp together with low consumption of alkalies
which is three times lower for hardwood and four times
for softwood. The disadvantage of pulp obtained is its
heterogeneity consisting in the presence of long and
short fibres as well as mucilage substances responsible
for bad dewatering. Obtained pulps were bleached with
sodium hypochlorite. The bleaching results are shown
in Tab. V.

The results obtained are average. The whiteness on
the level of 69%, bleaching efficiency 95%, the effi-
ciency of bleached pulp around 67%. In means that
hemp fibre displays an upper suppleness to bleaching
resulting in pulps of lower whiteness. The basic crite-
rion of estimation of raw material usefulness for paper
production is the possibility of forming paper sheets
displaying good properties. In order to estimate these
properties bleached pulps were beaten to 50 and 60 °
SR and paper sheets were formed to perform tests of
mechanical properties. Results are shown in Tab. VI.

The test results show that pulp contains very long
fibres not shortened during the beating process prob-
ably due to the mucilage coating them. The mucilage
causes very high freeness of the pulp. The overall re-
sults proves the usefulness of hemp fibre for pulp pro-
duction. It requires, however, a special processing due
to bad dewatering. When compared with pulps obtained

III. The quantitative and qualitative comparison of crops

from softwood the consumption of which is 2.1-2.2
tons per 1 ton of pulp, the consumption of hemp is
1.4-1.5 tons.

RECAPITULATION

The raw materials obtained as a result of cultivation
on polluted areas will be used primarily in textile, and
pulp and paper industries. Very important is the possi-
bility of long fibre pulp production based on hemp
fibre. The annual pulp production in Polish climatic
conditions is almost three times higher compared to the
trees. Unquestionable profits for the economy can be
biofuels and biolubricants based on the oil obtained
form industrial crops. Due to high content of pentosans
(approximately 25%), flax and hemp shives can be used
for furfural production. Hemp and flax application in
textile industry is commonly known. The INF, how-
ever, is introducing a new production technology of
linen yarn blended with other natural and chemical fi-
bres. The technology is based on retted, linen yarn.
Moreover, the non-food plants involved in crop rota-
tion implemented in the polluted areas will eliminate
heavy metals from human’s food chain, allow for
gradually recultivate of such areas through the extrac-
tion of toxic compounds and will create a new direction
of production of annually renewable raw materials for
the industry.

CONCLUSIONS

1. It is purposeful change the structure of sown crops on
the ecologically degraded area through elimination of
food crops and replacing them with industrial crops.

2. The content of heavy metals in the soil did not cause any
decrease in quantity and quality of fibrous crops yield.

Plant Straw yzield Seed y;cld 1 000 seed weight Germination Total length
(g/m?) (g/m®) () strength (%) - (mm)
Fibre flax Minerwa 534.0 70.0 53 92.6 773
Hemp Biatobrzeskie 1160.0 232 12.34 78.4 2 500
Oil flax Bionda 667.5 55.1 6.0 85.7 759
1V. The results of hemp fibre pulping
No Estimated feature ZrslHo
I 11 I v \'
1 Amount of alkalies added (%) 11.2 154 25.0 11.9 10.0
2 Concentration of alkalies in pulping liquor  (g/m?) 18.7 26.7 41.4 19.8 16.7
3 Temperature of pulping (o) 165 165 165 165 165
4 Time of pulping (min) 210 210 180 180 180
5 Pulp efficiency (%) 713 68.4 60.4 69.4 69.8
6 Kappa No 11.6 5.0 9.8 7.8 9.8
ZEMEDELSKA TECHNIKA, 41, 1995 (3): 85-88 87



V. Results of hemp fibre pulps bleaching

No |- Estimated feature ITrial Nou
1 Total amount of active Cl (%) 3.37 2.65
1. Bleaching with hypochlorate
2 amount of active CI (%) 241 1.76
remaining Cl aat (%) 0.5 0.01
pH 11.8 8.9
1. Bleaching with hypochlorate
3 amount of active Cl (%) 1.34 0.89
remaining Cl (%) 0.85 0.17
pH 11.6 8.7
4 Bleaching efficiency (%) 94.8 95.1
5 :,ou?:: ‘:ff':;i‘celzicﬂ}; in relation s 6.6 66.3
6 Whiteness (%) 68.7 69.9
7 | Viscosity (kg/dm?) | 600 736
VL. Resi par of bleached pulps from hemp fibre
No | Estimated feature L
I 11
At 50 ° SR
- density (g/cm) 0.562 0.387
1 ~ self-breaking (m) 3270 3610
— stretching ability (%) 2.6 2.0
— burst (KPa) 164 184
— tearing strength (Nm) 1370 2029
At 80 ° SR
— density (g/cm) 0.739 0.560
2 - self-breaking (m) | 3460 3 380
— streaching ability (%) 2.0 2.0
— burst (KPa) 140 211
- tearing strength (Nm) 520 1262

3. Flax and hemp extract relatively high amount of he-
avy metals from the soil causing is gradually recul-
tivation.

4. Laboratory research confirmed the usefulness of de-
corticated hemp fibre for long fibre pulp production.

5. The average efficiency of the pulp from hemp fibre
was around 70% and it is higher by 25% in relation
to wood pulps.

6. The consumption of alkalies in wood pulp production
is 3—4 times higher than in hemp pulp production.

7. The hemp fibre shows some disadvantages, making
the production difficult:

— the limited ability to dewatering in technological
processes caused by presence of mucilage subs-
tances,

— high resistance of fibres to shortening during the
beating process,

— the upper suppleness to bleaching causing the pulps
having lower whiteness.

8. The utilization of biomass from annual or perennial
plants can be a basis for saving existing sources of
raw materials and energy and will allow agricultural
utilization of ecologically degraded areas influenc-
ing positively the humans health.
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NEW OUTLOOK ON FLAX FIBRE PROPERTIES
IN TEXTILES

NOVY POHLED NA VLASTNOSTI LNENEHO VLAKNA
V TEXTILIICH

R. Kozlowski, S. Manys

Institute of Natural Fibres, Poznan, Poland

ABSTRACT: Not only positive but also negative flax fibre a features were presented: great and irregular length and thickness,
low elongation, rigidness and high impurities content. The features of linen yarns produced by traditional linen technology
were shown. New flax fibre types, adapted to universal, modern, spinning techniques were presented as well as new yarns
made thereof. Application possibilities of new linen yarns, mainly in clothing sector, were reported.

flax fibre; length of fibre; thickness of fibre; elongation; rigidness, impurities content; spinning technology

ABSTRAKT: V prici jsou popsdny n&které nepfiznivé vlastnosti In&ného vldkna pfi jeho vyuZivani v textilnim priimyslu:
velkd a nepravidelnd délka a tloutka, nizkd pritaZnost, neohebnost a vysoky obsah necistot. Jsou také uvedeny charak-
teristiky Inénych pfizi ziskanych klasickymi technologiemi (tab. I aZ III). Nové typy Inénych vldken jsou vhodné ke zpraco-
vani modernimi univerzdlnimi dopfddacimi technologiemi (obr. 4 aZ 13, tab. IV). Tato vldkna jsou charakteristickd nizs{
tloudtkou a délkou, niZ¥im obsahem necistot a zlep§enymi vlastnostmi povrchu. Jde o vldkna Kotex A (typu vina), Kotex B
a C (typu bavina) z CML Humpolec, vldkna Sanelin 03F (typu bavina i vina) a Senetow firmy SENECO z Francie a Pakulen
(typu bavlna i vina) z Polska. Pfize ziskand modernimi dopfddacfmi technologiemi (Tab. V-XIII) je vysoce kvalitnf a pfitom

si uchovédvd prednosti klasické pfize: komfort a hygienu.

Inéné vldkno; délka vldkna; tloustka vldkna; pritaZnost; neohebnost; obsah negistot; dopfddaci technologie

INTRODUCTION

The competition between agromaterials for indu-
strial use and synthetic products is very hard and flax
is a perfect example of it.

We have heard about difficult situation of flax fibre
in West European countries, which took place only two
decades ago, and efforts done or still needed to over-
come some barriers in that process called the linen re-
naissance.

The main problems, still calling for progress in flax
fibre production production and industrial processing
are:

— The old principle of technology used which brings
about growing amounts of short flax fibre/waste fibre
through following stages of the processing process as
it is shown in slide 1.

— The second difficult problem are dusty processing
conditions, caused not only by chemical composition
of flax fibre (lignin, pectins, hemicelulose, waxes
which had to be partly removed during the processes),
but also by soil particles brought from the field were
flax was grown and due-retted.

In terms of traditional flax fibre technology short
flax fibre id of low technological value.

ZEMEDELSKA TECHNIKA, 41, 1995 (3): 89-99

Traditional flax fibre technology

the process the products

. long scutched flax fibre

scutching
2. tow (50%-75%)
< 1. long hackled flax fibre
hackling
2. combings (50-55%)

2 . 1. combed sliver
sliver combing

»

very short waste flax fibre

The great barrier in flax renaissance are also some
of most important technological properties of flax fibre
itself:
length of fibres — enormous great and irregular,
linear mass of fibre — also inconvenient great and ir-
regular,
resistivity against splitting,
rigidness and low elongation,
high impurities content.

All these technological flax fibre features made for
linen the competition against cotton and then synthetic
fibres very difficult — if not impossible — without the
help of positives of flax — reported in the paper con-
cerning the flax renaissance.
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These — rather inconvenient technological properties
of flax fibre and new outlook on them are the subject
of this paper.

TECHNOLOGIES DICTATED BY FLAX FIBRE
PROPERTIES

Since the year 1810, when Napoleon threw the flax
fibre spinning technology open to competition, linen
yarns have been produced by the technology dictated
by mentioned above, quite difficult flax fibre features.

Even the first machines used in linen yarn produc-
tion were not successful. They did not respect the need
of flax fibre splitting during spinning process. Thus, the
first flax spinning machines could produce only coarse
yarns and still could not compete with hand-made
workshop linen yarns. The first steps in splitting flax
fibre boundless not only in hackling process but also in
further stages of spinning were made also in France, in
particular at Engeneering College in Paris, by the fa-
mous chemist Gay Lussac, who had adopted chemical
treatment to flax spinning process.

Further development in changing flax fibre featu-
res — their length and thickness, resulted in mechanical
and chemical treatment in the preparation stages of
spinning process — including boiling or bleaching row-
ings — and in wet yarn formation process on the spin-
ning frame.

In this way — despite difficult for spinner — flax fibre
properties, thin yarns — up to tex 8 (Nm 125) could be
produced on industrial scale.

This typical for flax wet spinning process is also
nowadays in common use in all linen-producing coun-

INck yains i, very tnin yains
bl S 33 o 3§
100% linen worsled yarns [lex] 125716105 %0 80 70 60 &0 40 30 20 10
Aulno
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Besgum . )
120 166
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Fance L |
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Engiang . )
@ 166
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&
Asing lax i
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Beigium tex ]
&
oy tex S |
62
Gemony lex TSRO )
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Honce lex — 2]
ss
England tax =
END-USES: topery. line bec-inen. fine labiedinen.
1y house-NoIa shirls, cresses, spoil, weakena
onaclomnq ana elegant evening clofhes

1. Linear mass of 100% linen wet spun yarns made in EC countries
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tries. Similar, flax dry spinning system is going slowly
out of use.

The linear mass of these traditional linen yarns pro-
duced e. g. in West European countries is shown in
Fig. 1, the main quality standards are presented in
Tab. I-III. Tab I-II concern 100% linen yarns spun by
unique to linen (dictated by flax fibre features), tech-
nology. Tab. III concerns traditionally spun blended
linen yarns. For each of these yarns detailed require-
ments are given, regarding permissible irregularity of yarn
density (mostly + 5%), exact values for the strength of
yarns in quality standards. The elongation of 100%
linen yarns is low (ca 1.7%-2.4%).

Strict quality standards of traditional linen yarns may
change from country to country to country but the main
types and features of them are more or less similar.

The end-uses of traditional linen yarns are apparel,
table and bed-linen, upholstery, towels, some special
assortments of threads and strings. The traditional, dic-
tated by flax fibre features, technology is still irrepla-
cable as far as fine 100% linen yarns and 100% linen
goods are concerned.

But, unfortunately, the costs of spinning in this case
are very high mainly because of:

— low speed of spinning,
— low automation of the process.

The speed of spinning in traditional linen yarns pro-
duction and in other spinning techniques, compared in
Fig. 2, shows remarkable difference and stresses the
urgent need of progress in the field of flax fibre pro-
cessing. Similar conclusion can be drawn on the basis
of spinning cost comparison.

It is obvious, that in the situation where features of
fibre cause low speed of spinning and high costs of
yarn production only the high value of end-products
may keep the fibre and goods on the market. 100%
linen fine fabrics and apparel made of hackled flax
fibre may compete even despite:

— low speed of spinning
— high costs of the yarns

2

Speed of spinning [m.min" 1|

o

o 20 40 60 80 100 120 140 160 180
Linear mass [Nm] ——»

50 25 16612510 83 71 &2 55

Linear mass [tex] +——

2. Speed of spinning and linear mass of yarns spun by various spin-
ning techniques
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Traditional linen yarns (spun by unique to flax spinning machines) 100% linen worsted wet spun yarns (made of long hackled flax fibres)

Strength cN/tex | Errors N/loom
Extra standard ordinary
17.0-13.0 1-4
- raw
V% 16.0-24.0
After chemical treatment
< 17.1-12.7 1-4
— boiled, bleached to 1/2 or dyed dark
V% 17.5-24.5
22.0-12.7 1-4
- boiled, bleached to 3/4 or dyed bright
V% 17.5-24.5
100% linen worsted dry spun yarns (made of long hackled flax fibres)
Extra standard ordinary
16.5-12.0 1-4
- raw
V% 16.0-24.0
After chemical treatment
i 16.3-11.5 1-4
- boiled bleached or dyed
V% 16.5-24.5

II. Traditional linen yarns (spun by unique to flax spinning machines) — 100% linen carded wet spun yarns (made of short flax fibres tow,

combings)
Strength cN/tex | Errors N/loom
Extra standard ordinary
12.3-10.4 3-8
- raw
V% 18.0-25.0
After chemical treatment
12.3-10.4 3-8
~ boiled, bleached dyed dark
V% 18.5-25.5
100% linen carded dry spun yarns (made of short flax fibres tow, combings)
Extra standard ordinary
10.8-5.9 3-16
- raw
V% 19.0-25.0
After chemical treatment
.8-5. 3-
~ boiled bleached or dyed Wil s
V% 19.5-26.5

just thanks to well known positives of flax which pro-
vide comfort and hygiene as well as elegance.

Unfortunately, splendid flax fibre positives were not
enough to solve the competition problems of short flax
fibre. By the use of traditional spinning technology
only coarse yarns or yarns of medium density could be
spun of tows. What is worse: carded linen yarns are
rigid, irregular in every aspect and of low elongation.
So short flax fibre lost its markets in household and
other uses one by one and was mounted in stocks in
many countries only some years ago. That is why the
new outlook on the features of short flax fibre became
the must for further flax development.

NEW OUTLOOK ON FLAX FIBRE FEATURES
IN TEXTILES

New outlook on flax fibre features resulted in:

ZEMEDELSKA TECHNIKA, 41, 1995 (3): 89-99

- new flax fibre types,
—new flax fibre processing technologies mainly in
short flax fibre sector.

It should be mentioned, that short flax fibre repre-
sents ca 50%-60% of flax fibre production. The
scutched fibre/tow ratio in West European countries
and in one of Central Europe producer is shown in
Fig. 3. It may look much in favour for short fibre in
the case of East European flax producers.

The main technological features of flax combings
and tow are presented in Fig. 4 where the lowest and
best qualities of both (according to Polish standards)
are used as examples. f

The progress that has been carried out in many re-
search centres adapted short flax fibre to others than
unique to flax spinning systems like:

— conventional ring short/long staple spinning techni-
que

91



II1. Traditional linen yarns (spun by unique to flax spinning machines) — Blended linen worsted wet spun yarns (made of long hackled flax
fibres and man made fibres blends)

Strength cN/tex Errors N/loom
Standard ordinary
With PES fibres share 17%-33%-41%-50%
- raw 145-95 1-4
V% 18.0-24.0
After chemical treatment
16.5-9.0 1-4
V% 18.0-24.0
With Viscose fibres share 17%-33%
- raw 14.0-10.0
V% 19.0-25.0
After chemical treatment
13.5-9.0 1-4
V% 19.5-25.5
Blended linen worsted dry spun yarns
Standard ordinary
With PES fibres share 17%-33%
- raw 13.7-10.0 1-4
V% 18.0-24.0
With Viscose fibres share 17%-33%
- raw 13.0-9.5 1-4
V% 19.5-25.0
IV. The features of new flax fibre types marketed in Europe
Producer Name Type Me?‘:n::;'g‘h MCGIZ‘ZI:)CHCSS lmlzl;:i)tics Strength
Kotex A wool-type 50-60 2.0-35 max. 4.0 -
Linen Mill
Humpolec, Czech Republic Kotex B cotton-type 30-35 1.3-1.8 max 2.8 -
Kotex C cotton-type 20-25 1.1-1.5 max 2.5 =
Sanelin 03F" | cotton-type 36 - very clean -
Seneco Sanelin 03F" | cotton-type 48 - very clean -
France Sanelin 03F° | wool-type 72 s very clean -
Senetow - - - - -
Poland Pakulen"* cotton-type 43 1.1 1.4 30.0
marketed since 1975 Pakulen®* wool-type 60-70 1.4 0.15 35.7
Institute of Natural Fibres cotton-type 45 1.1 0.2 =
Poznafi, Poland wool-type 122 17 0.1 -

* made of long flax fibre, ** short flax fibre of lowest quality standards

Waest Europe
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— unconventional spinning techniques as follows:

- rotor

— air-jet

— friction or

— wrap spinning technology.

The main features of flax fibre adapted (by mecha-
nical and/or physico-chemical processes in pre-treat-
ment stage) to be spun by others than traditional,

3. Fibre/tow ratio-outlook
Source: Krmela (1992)
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4. The features of short flax fibre (tow, combings)

unique to flax, spinning systems are presented in
Fig. 5-13.

The obligatory quality standards of new flax fibre
types are slowly created — step by step — according to
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5. Length of flax fibre prepared for conventional spinning techniques
(mm)

Long staple
|

Short staple

phy

pretreatment  pretreatment

6. Linear mass of flax fibre prepared for conventional spinning tech-
niques (tex)

technological progress both in fibre preparation and in
spinning processes being at the moment of temporary
or local value only.

Despite of that statu nascendi situation in the new
flax fibre assortments and their obligatory quality stan-
dards it is obvious that they represent the new outlook
on technological flax fibre properties in textiles and
link the linen industry with that od cotton, wool and
man-made fibres processing textile sectors.

The demand for yarns with flax in the West Euro-
pean countries has led to the significant consumption
of short flax fibre stocks. In the heat of the moment
East European countries are searched not only for long
flax fibre but also for combings and tow as well as for
other substancial wastages of flax.

Short flax fibre prepared to be spun by machines
borowed from other fibres are on the market produced
e. g. by:

— Moravolen Humpolec — Czech Republic

— SENECO - France (both from long and short traditi-
onal flax types)

— Institute of Natural Fibres — Poland.

The main features of marketed short flax fibre as-
sortments are given in Tab. IV.
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7. Breaking strength of flax fibre prepared for conventional spinning
techniques (cN/tex)

|

Rotor Alr-jet Wrap spinning
Long-staple  Short-staple
system syslem
a8 n
1 hysic

P

9. Length of flax fibre prepared for unconventional spinning tech-
niques (mm)

Many a time the new type of flax fibre is produced
by spinning mills themselves for home yarn production
like in Poland: for Parafil and other blended linen
yarns.

NEW LINEN YARNS

NEW LINEN YARNS SPUN BY UNIQUE TO LINEN
TRADITIONAL TECHNOLOGY

Between traditional linen yarns the new one is 100%
linen yarn for knitting, specially softened during/after
traditional flax wet spinning process.

The features of 100% linen yarn for knitting are
similar to those of traditional weaving yarns with fa-
vourable changes in the rigidness and softness of the
yarn, which made them suitable for knitting process.

High production costs are the main barrier in mar-
keting of these yarns. Still they suit perfectly the re-
quirements for comfortable, hygienic apparel for hot,
humid climate conditions and this decide about the
prospects of that sort of yarns and goods made of them.
Ladies’ blouses and dresses, man’s sports wear and
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Short staple Long staple
B . | |

phy
pi pr

8. Impurities of flax fibre prepared for conventional spinning tech-
niques (%)

18
18
14
1,2

Wrap spinning
Long-staple Short-staple

system system

8 : L

P! Pr

10. Linear mass of flax fibre prepared for unconventional spinning
techniques (tex)

socks are good examples of 100% knitting linen yarns
application in final products for high market segments.

NEW LINEN YARNS SPUN BY OTHER THAN
TYPICAL FOR FLAX SPINNING SYSTEMS

New 100% linen yarns

Brand-new are: 100% linen yarns, tex 50 — tex 100,

'spun by rotor spinning technology — reported by some

of the best spinning machines producers (Tab. V)
(Niissli, 1994) as well as 100% rotor linen yarns of
high linear mass for agricultural end-uses (tex 667)
(Artzt, 1992).

New blended linen yarns

Similar to new flax fibre forms the new blended
linen yarns are in most linen producing countries in
statu nascendi. The obligatory quality standards of
their features are created and there is certainly a piece
of international cooperation needed to make them sat-
isfactory both for producers and users of them.
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Rotor Alr-Jet Wrap spinning
Long-staple Short-staple
syslem system
D hvsl
phy
pretreatment pretreatment

11. Breaking strength of flax fibre prepared for unconventional spin-
ning techniques (cN/tex)

In such situation I cannot do otherwise than give
some examples of blended linen yarns — including
some brand-new assortments of them and give the in-
formation about their present features.

But we shall remember, these yarns are still in de-
velopment process — as well as the new forms of flax
fibre and processing technologies develop step by step
over the globe.

Blended linen yarns spun by short staple ring spinning
system — (cotton spinning system)

The features of blended linen yarns spun by cotton
ring spinning system are presented in tab. VI, VII
(Artzt, 1992; Krmela, 1992). These yarns unlimi-
ted application possibilities in healthy clothing sector
(both woven and knitted apparel), in household goods,
upholstery and socks production.

In the case when the blended yarns is produced by
cotton ring spinning system using as raw material, the
lowest quality of tow (as it is when yarn 50 tex — 40 tex
produced in Poland is considered) we have to our dis-
posal a technology for very lucrative utilization of the
still substantially waste material, at scutched tow of
that kind may be well loocked at (Krmela, 1993).

Our socks production at the Institute of Natural Fi-
bres is based exactly on these kind of yarns, and we

Wrap spinning
-}

12. Impurities of flax fibre prepared for unconventional spinning
techniques (%)

12 1
8 G S
Dre2 Dref3
Length (mm) O Linear mass (tex) @

Breaking strength (mm) @ Impurities (%) &

13. The features of flax fibre prepared for DREF-spinning system

have never got others but best opinion about comfort,
hygienic properties and durability of these socks with
linen.

Blended linen yarns spun by long staple ring spinning
system — (wool spinning system)

The features of blended linen yarns spun by long
staple ring spinning system are presented in Tab. VIII.
The blends possibilities as well as application possibili-

V. Brand-new — 100% linen yarns spun by rotor spinning technology (cotton system) — (Flax combings)

Linear mass tex 50 84 100 100
Linear mass irregularity CV %o 222 21.0 24.1 19.7
Breaking strength cN/tex 6.5 6.2 7.8 7.5
Elongation Yo 3.7 39 4.4 4.1
Faults n/1 000 m

Thin places 510 400 510 1150
Thick places 1100 800 750 1 200
Neps 1300 1100 800 1 600

Source: Niissli (1994)
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ties of these, commonly produced blended linen yarns
are unlimited. In Poland, in wool industry mills, thou-
sands meters of apparel fabrics were produced of these
yarns according to technology developed by Institute
of Natural Fibres.

Similar fabrics are produced all over Europe as well
as knitted apparel for all season of the year. Both types
of above-mentioned new blended linen yarns have
shifted short flax fibre application towards apparel sec-
tor and moreover these yarns directed apparel with
linen not only to high but also to price sensitive seg-
ments of markets. Both types of these new yarns resist
creasing especially when used in knittewear.

Blended yarns spun by uncoventional spinning
techniques

Rotor spinning

The features of the yarns produced by rotor spinning
technique are presented in Tab. IX (Artzt, 1992). The
presence of flax fibres in the yarn and in the resulting
fabric has his importance and gives the final product
specific positive flax properties. But — as far as the
appearence is concerned — the yarns manufactured both
by the ring and rotor spinning cotton technology have
the character of cotton yarns.

VI. Blended linen yarns spun by conv I cotton ring spinning system (flax = tow)
Flax 10% | Flax 20% | Flax 15% | Flax 35% | Flax 15% | Flax 30% | Flax 30% | Flax 30%

Cotton 90% |Cotton 80%| PAC 85% | PAC 65% | Viscose 85% | PES 70% | PES 70% | PES 70%
Linear mass (tex) 50 50 49.7 48.2 50 454 473 514
Linear mass irregularity (%) - - 12 1.1 - 27 4.1 4.4
Strength (cN/tex) 11.5 10.3 18.2 144 10.3 173 19.5 15.7
Strength irregularity V. (%) 13.7 15.6 115 127 10.4 9.5 12.4 16.4
Elongation (%) 6.1 6.0 19.4 18.5 15.2 20.3 20.0
Twists (n/1 m) 453 443 428 407 409 486 525 516
Twist irregularity V (%) 42 4.4 54 2.2 59 49 9.1

VIL. Blended linen yarns spun by convetional cotton ring spinning technology (30% Flax -50% Viscose — 20% Cotton) (Rieter)

Linear mass tex 64 64 31 31
Linear mass irregularity CV % 18.0 19.2 220 25.0
Breaking strength cN/tex 11.5 11.1 10.0 9.6
Elongation %o 6.0 6.5 4.8 5.2
Faults n/1 000 m
Thin places 20 30 280 500
Thick places 600 980 2 000 500
Neéps 480 650 1 900 2 450
Source: Niissli (1994)
VIIIL Blended linen yarns spun by conventional wool spinning system (flax = combings) «
g | g |
g | 8% S |y |3 |3
22| 8¢ e | & | & | g
A B | B | Bad = g
€| £5) 28| BE ) 5| B8 g8 BE| £
S8 | &g | EF | S| ER | ER | % | Bz | &
Linear mass (tex) | 48.6x1 [ 489x2 | 321x2 | 32x2 54 50 55 51 68
Linear mass irregularity (%) 1.8 13 2.1 27 248 2.6 44 23 5.4
Strength (cN/tex) 13.1 15.5 13.8 6.5 12.9 13.0 9.9 9.9 73
Strength irregularity V. (%) 12.5 9.3 12.1 10.1 39 42 5.0 54 7.5
Elongation (%) 12.8 10.7 14.9 12.6 11.0
Twists (n/l m) | 434 180 - - 360 340 326 330 334
Twists irregularity V (%) 6.5 72 6.7 3.3 3.5 1.9 3.6 43
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IX. Rotor spunblended linen yarns

Blend Linear mass Breaking strength
tex CV% | cN/tex | CV%
10% Flax/90% Cotton 30 35 8.5 13.5
20% Flax/80% Cotton 42 35 8.0 13.5
30% Flax/70% Cotton 50 35 7.5 14.0
40% Flax/60% Cotton 64 35 7.0 14.0
10% Flax/90% Cotton 30 35 6.5 13.5
20% Flax/80% Cotton 42 35 6.5 13.5
30% Flax/70% Cotton 50 35 6.5 13.5
10% Flax/90% PES 30 35 12.0 13.5
20% Flax/80% PES 42 35 12.0 13.5
30% Flax/70% PES 50 39 1.5 135
40% Flax/60% PES 64 35 115 135

Source: Krmela (1993)

It is, however, the customer wish that the fabric,
though made of blended yarns, keeps the original ap-
pearance of a linen product, characteristic for the tech-
nology of wet traditional spinning. Even to that wish
technological answer is reported and even high propor-
tion linen rotor yarns with linen character are expected
in the nearest future (Krmela, 1993).

X. Wrapped yarns spun bz spinning frame Parafil 2 000

Wrap spinning

There were two main reasons that Institute of Natu-
ral Fibres decided to use the wrap spinning technology
for flax. This were the two important flax negatives:
— the rigidness of flax fibre
— the low flax fibre elongation

The wrap spinning technology is specially suitable
to overcome both of them. The process developed by
Institute of Natural Fibres in early 1980’s operates in
Poland in full scale production mainly of knitting linen
yarns. The features of blended short and long staple
Parafil linen yarns are given in Tab. X, XI.

Friction spinning

The features of linen blended yarns spun by Dref-3
and Dref-2 spinning machines are presented in
Tab. XII, XIII.

At the moment this technology was proposed in Po-
land for upholstery yarns mainly. But some other ap-
plications are also expected, e. g. in knitted apparel,
where a yarn spun with the spinning speed 140 m/min
was used in experiments conducted at the Institute of
Natural Fibres in Poznan.

Kind of yams e | e | v || e
Flax — PL combed yarns
Flax-PL combed yarn (fibre broken to 220 mm) 86.2 9.4 22.0 4.5 55
Flax-PL combed yarn (fibre broken to 200 mm) 75.8 715 18.0 1.9 5.5
Flax — combed blended yarns
Flax-PL combed blended yarn 30% flax/70% PES 56 20.2 18.0 17.9 6.2
PL combed blended yarn 30% flax/70% viscose 100 115 13.9 9.7 23
PL combed blended yarn 30% flax/70% viscose 50 11.5 19.0 17.9 4.6
PL combed blended yarn 20% flax/30% PES/50% PAC 86 11.6 14.8 14.1 55
XI. Wrapped yarns spun by spinning frame Parafil 1 000
Soscificailon Linear mass Breaking strength Elongbntion Wrapping f:l”l:r:;se;;f Sg;nel;l(l;g
tex V% cN/tex V% material % {m nm/min
Composition:
40% Flax/30% PES/30% PAC 78.7 - 9.7 - 14.5 6.3 330 53
30% Flax/20% PES/ 50% 98.0 35 10.2 14.7 14.1 4.9 130 80
30% Flax/70% PES 545 0.2 19.1 13.5 20.0 5.0 130 80
20% Flax/40% PES/40% Viscose 517 2.1 14.4 13.0 14.7 5.0 130 80
20% Flax/80% PAC navy blue 51.4 29 9.6 20.2 12.7 5.0 130 80
20% Flax/80% PAC beige 55.4 2.5 10.5 12.8 14.6 5.0 130 80
and an experiment on manufacturing crowel to be used in knitted top fabrics
30% Flax/20% PES/50% PAC | 450.6 | - | 14.6 | 8.5 I 14.7 37 150 120
97
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CONCLUSION

The new outlook on flax fibre features in textiles
might be resumed as follows:

1. The excellent positive flax fibre features, which
provide comfort and hygiene of linen goods have
shifted flax fibre application towards apparel sector.
The above-mentioned market changes directed the de-
mand to fine linen yarns, which until now can be pro-
duced best by traditional (expensive) technology from
best qualities of flax fibre (from long hackled flax).

2. The negative flax fibre features:

— great and irregular length,

— great and irregular thickness,

— low elongation,

— rigidness,

— high impurities content,

— resistivity against splitting

(all of them more vissible and difficult the lower the
quality of the fibre present, specially in short fibre) had

XII Friction linen blended yarns (spun by spinning machine DREF-3)

to change — to accommodate to more effective modern
spinning techniques.

3. New forms of flax fibre adapted to short and long
universal spinning systems are marketed at the moment
in most linen-producing countries. Natural fibres trends
in fashion and growing ecological awareness help to
promote these new flax types successfully.

4, The main features of new flax fibre types may be
characterized as:

— lower length and thickness (but still with wide stapel
and finesses diagram),

— low impurities content (but still to be improved),

— improved surface properties.

Narrowing the stapel and fineness diagram, improv-
ing the purity and softness of new flax fibre tapes are
the tasks for future development.

5. With new flax fibre features the development of
the production of new linen yarns and goods become
possible and is taking place all over the world.

6. Flax fibre features witch provide comfort and hy-
giene as well as ecological character of flax fibre will

Linear mass Strength Elongation | Twist
Blend % n/i
tex Nm V% daN | cN/tex | V% v m
corn: PAN 38 mm
DREF 3 coat: PES 50%, flax 50% 51.09 19.57 0.7 0.63 12.39 13.5 18.3
g 150 m/min
corn: PES 38 mm
DREF 3 coat: cotton 60%, flax 40% 53.44 18.71 1.1 1.10 20.51 9.4 11.4
150 m/min
corn: flax 20%, PES 25%, PAN 55%
DREF 3 | coat: PES 50%, flax 50% 82.57 12.11 1.8 0.71 8.65 13.7 9.9
150 m/min
XIII. Friction linen blended yarns (spun by spinning machine DREF-2)
No Biend Linear mass Strength Elong; Twist
tex Nm | V% | daN | cNtex | V% % n/m
corn: fil. PES 167 dtex
4675 coat: flax 20%, 25% PES, 55% PAN 99.70 | 10.03 1.6 0.94 9.43 4.0 21.1 -
150 m/min
corn: fil. PES 167 dtex
4675 croat: flax 20%, PES 25%, PAN 55% | 161.45 6.19 1.1 0.78 4.83 20.9 133 B
150 m/min
corn: fil. PES 167 dtex
4675 coat: flax 20%, PES 25%, PAN 55% | 152.00 6.58 1.0 1.28 8.42 6.3 20.2 -
170 m/min
corn: fil. PES 167 dtex
4689 coat: flax 20%, PES 25%, PAN 55% 105.26 9.50 1.0 0.95 9.03 5.6 19.7 =
170 m/min
corn: fil. PES 176 dtex
4689 coat: flax 20%, PES 25%, PAN 55% | 159.06 6.29 1.1 0.71 4.44 16.8 12.5 -
130 m/min
corn: fil. 167 dtex
coat: flax 100% 108.34 9.23 0.4 1.04 9.60 6.9 8.0 -
130 m/min
corn: fil. PES 167 dtex
coat: flax 100% 149.48 6.69 1.0 0.85 5.68 213 6.5 -
130 m/min
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continue to promote flax fibre production and process-
ing even if the fashion will change its favourable ap-
proach to linen. The design of apparel may change —
but the flax fibre will remain untouched by the mode
dictatorship, just thanks to the improved attitiude of the
buyers all the world — (who do understand all the flax
positives) — and also thanks to researchers — who
helped to overcome the negative flax fibre features.
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PLANT RESIDUES AS RAW MATERIAL
FOR PARTICLEBOARDS

ODPADY ROSTLINNEHO PUVODU JAKO SUROVINA
PRO VYROBU LIGNOCELULOZOVYCH DESEK

R. Koztowski, B. Mieleniak, A. Przepiera

Institut of Natural Fibres, Poznan, Poland

ABSTRACT: The usefulness of different annual plant residues (flax and hemp shives, jute, bagasse, reed stalks. cotton stalks,
vetiver roots, miscantus straw, rape, oil flax, small grain straw, vetiver and saw dust) for manufacturing lignocellulose boards
was presented. The plant residue was used as the only component of boards and with waste wood. The raw materials were
characterized and their effect on properties of lignocellulose boards was presented. Some of economic aspects od application
of this kind of raw materials under Polish conditions were also discussed.

plant residue; lignocellulose boards manufacturing; binding materials; methods of improving

ABSTRAKT: Zkoumala se pouZitelnost ¢asti riznych jednoletych rostlin (pazdeii ze Inu a konopi, juta, fepné fizky, vyliso-
vand cukrova titina, rdkos, stonky baviny, kofeny vousatky, sldma miscantu, fepky olejné, Inu a dalSich plodin, piliny apod.)
pro vyrobu lignocelulézovych desek. Zbytky rostlin spolu s dfevnym odpadem byly v tomto pfipadé pouZity jako jedind
slozka pro vyrobu desek. Udaje o mistech vyroby ve svété (tab. 1) a v Polsku specidlné (tab. II) jsou doplnény popisem
pouZivané suroviny (tab. III a pfislu$ny text). Vlastnosti desek jsou s ohledem na pouZitou surovinu popsédny v tab. V aZ
VIIL Pozornost je vénovina také pouZitym pojidliim (tab. IX). Jsou podrobnéji popsény technologie vyroby lignocelulézovych
desek spolu s jejich ekonomickymi bilancemi v polskych podminkédch. Pozornost je vénovéna zejména deskdm ze Inéného
pazdefi (obr. 1), tiivrstevnym deskdm z konopného pazdefi (obr. 2), deskdm z kofenti vousatky (obr. 3), tfivrstevnym deskdm
z pilin a pazdefi (obr. 4) a lignocelul6zovym deskam ze slamy a stonk rostlin, pfipravenym metodou Stramit (obr, 5). Dalsiho
zlepSeni kvality lignocelulozovych desek se dosdhne jejich lepsi povrchovou tpravou, popiipadé pouZitim specidlnich folif
pro konecnou tpravu jejich povrchu. Vyznamné je vyuZivéani novych typil pojiv, kterd mimo jiné sniZuji i hoflavost desek.

odpady rostlinného piivodu; vyroba lignicelul6zovych desek; pojidla; povrchova dprava

INTRODUCTION

The shortage of wood together with a need of utili-
zation the waste wood and the abundance of plant resi-
due such as flax and hemp shives, jute, bagasse, etc
inspired in 1947 the production of boards from the
annual plant waste. These raw materials can be classi-
fied into following groups:

— residues of the fibre-based plants: flax and hemp

shives, jute, sisal stalks;

— bagasse, reed stalks, cotton stalks, grass-like mis-
cantus;

— residues of the oil plants: rape, sunflower, oil flax,
sunflower straw, vetiver roots;

— residues of food plants: grape-vine stalks, palm
leaves and stalks, small grains, arachid and rice
husks, small grain straw.

These residues are specially appreciated in these

parts of the world where wood resources are sober and
wood supply for the building industry limited.
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Most important of the raw materials mentioned
above are hemp and flax shives, jute and bagasse.

First materials used for the production of particle-
boards were flax shives. The flax boards were well ac-
cepted on markets for furniture, building industries and
transport. The technological development in particleboard
production and unestablished situation in annual plant
production resulted in a periodical lack of raw materials,
flax shives for example. The situation forced researchers
to look for other raw materials including residues to fill
the gap in the accessibility of raw materials. Excellent
examples of this kind were saw dust and waste wood
chips. The use of the latter two components improved
some of the properties of boards, specially in the scope of
application in the furniture industry.

Contemporary the use of the equipment for the
board production from the annual plant residue one can
manufacture lignocellulose boards which contain up to
60% of wood chips. Only small changes in the equip-
ment and technology are required.
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Such board prevent a calm surface even despite
some differences in particle geometry (e. g. shives and
saw dust even more) and their properties are consider-
ably better.

Presently Polish producers of shive boards manufac-
ture boards containing 35-100% of shives and 65-0%
of saw dust.

In Western Europe: Belgium and France shive board
factories were transformed into wood-derived board
factories. In Poland they were transformed into mixed
board factories using waste wood and flax shives, while
in the Czech Republic and Slovakia into factories using
saw dust and shives.

Lignocellulose boards from flax and hemp shives
are produced also in Romania, Bulgaria, China and the
former Soviet Union. Tab. I shows approximate sizes
of lignocellulose boards made from annual plant resi-
due in different regions of the world.

Primarily the technology and the equipment for the
most plants were supplied by Verkor (Belgium), Siem-
pelkamp (Germany) and Polimex-Cekop (Poland).

The recession in flax industry in 1975-1985, reduction
of the demand for hemp and jute fibre and choke of
chemical fibres — polyethylene and polypropylene ones
caused considerable decrease production and freezing of
research and development works on the annual plant resi-
due boards (Mackie, 1993; Stasiak, 1993). On the
other hand, the remarkable development of boards based
on wood for the furniture, building industries and trans-
port caused the rejection of boards made of annual plant
residue. The quality of these boards for the contemporary
applications was generally insufficient.

At the end of 1980s and in the beginning of 1990s
a considerable stimulation was noticed in the best fibre-
-based industries in many countries of the world. This
situation can be explained by the general trend toward
natural products including health food and health cloth-
ing based, among others, on oil and fiber flax.

The other reason was the marvelous discovery that
fibrous plants cultivated in the polluted areas can natu-
rally decontaminate the soil from the heavy metals giv-
ing the opportunity of eliminating the food crops being

cultivated on the polluted soils. Such plants can be used
for lignocellulose board, fibre and pulp production with
no negative effect on the environment. These are rea-
sons for the renewed stimulation connected with the
utilization of annual plant residue (Koztowski et
al., 1992). These plants are a good example of 100%
utilization and a full recycling of annual plant residue
which after an improvement can be used in furniture,
building industries and transport where they are appre-
ciated mainly for the wide variety of produced boards.

THE DEVELOPMENT OF LIGNOCELLULOSE
BOARDS IN POLAND

The output of linen industry in Poland during the
period of 1960-1973 was approximately 200,000 tons
of shives. These shives became a very valuable raw
material when the first particleboard producing plant
was started in 1959. Their utilization increased the
profits from the cultivation of flax and hemp.

The following factors are thought to be essential for
the development of particleboards: the possibility of
use of inexpensive raw materials being a very arduous
by-products at a time:

— modest investment needed to build the plant,

— possibility of automatization of production process,

— production of the materials of different properties

depending on the customer’s demand.

Overall the 7 plants producing particleboards were
built in Poland including 5 based on the equipment and
technology of Verkor (Belgium) and Siempelkamp
(Germany) and 2 based on Polish equipment. The total
capacity in the best years was on the level of 210,000 m?
of annual output.

Tab. II shows the capacity of the individual plants
started in 1959. In the next years a lot of research was
made to introduce improved boards and start the pro-
duction of boards of special properties (water-, fire-
and fungi proof) and to improve the quality according
to the demand of the modern furniture and building
industries.

1. Approximate p data on lig llulose boards made of annual plant residues in different countries
Production,
Number | capacity 3 = "
Country of plants | thousand Kind of raw material Kind of board produced
m?/year
Bulgaria 1 10 flax and hemp shives flax and hemp shives boards
China 1 715 flax shives flax shives boards
Czech Republic and Slovakia 4 100 flax shives, saw dust shive-saw dust boards
Poland 4 140 flax shives, woed chips, saw dust ;]vood chipishive bonrds, hiard
ammable boards
Hungary 1 20 hemp shives hemp shives boards
Romania 2 30 hemp shives hemp shives boards
5 75 flax shives
Former USSR boards from waste cotton
1 20 cotton waste
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11. Particleboard plants in Poland

Date of starting the production
Plant 1959 | 1961 | 1963 | 1965 | 1973
Production capacity, m*/year
Witaszyce 36,000
Pakosé 18,000
Koszalin 36,000
Szczytno 36,000
Zyrardéw 18,000
Wotczyn 48,000
Malbork 16,000

These activities resulted at the end of 80s in approxi-
mately 70% share of improved boards in the total pro-
duction. The production of waterproof and fire retar-
dant particleboards was initiated for building industry
and shipbuilding.

THE RAW MATERIALS USED IN
PARTICLEBOARD PRODUCTION

The following by-products from annual plants are
commonly used for the particleboard production: flax
hemp shives, jute stalks, and bagasse. Reed stalks, cot-
ton stalks, and oil crop (rape, oil flax) residues: vetiver
roosts, oil flax straw, rape straw, small grain straw can
also be used. For several years the saw dust has been
used as a complementary raw material.

RESIDUES OF BAST FIBRE PLANTS

Flax and hemp shives and jute stalks are often clas-
sified as best raw materials. They are obtained during
the production of flax, hemp and jute fibres. Flax
shives, for instance, contain approximately 35.7-51.7%
of cellulose and 22.1-30.1% of lignins. Depending on
the method of fibre extraction different types of shives
can be obtained: ,biological* (water retting)), dew ret-
ted, and ,green” (after decortication) (Koztowski,
1969). .

Particleboards of relatively good properties are ob-
tanied from ,biological® shives. Unfortunately, such
shives are characterized by an unpleasant odour of
volatile fatty acids which were formed during the ret-
ting process and were adsorbed by shives.

Hemp and flax shives have the following advantages
comparing to wood:

— lower energy required for the chopping and drying
which has a considerable effect on the reduction
in costs of manufacture,

— low bulk density and usefulness for the production
of boards in a wide range of density and thickness,

— high hardness, resilience, slenderness, and smooth-
ness of particles.
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These advantages allow for a good gluing of the
surface with a low use of adhesives as well as the
production of boards of good mechanical properties
with lower bulk densities.

The economic, technological and exploitation prob-
lems cause the following aspects:

— content of the considerable percentage of impuri-
ties (waste fibre, sand, dust, roots, stones) and that
is why a special technology is required for the raw
material purification,

— unpleasant odour of “biological shives caused by
the volatile fatty acids adsorbed by the shives,

— the pH of raw materials varies to a wide extent
depending on the method of fibre extraction, the-
refore the process has to be conducted under ca-
refully controlled conditions.

Hemp shives, unlike the flax shives and jute residues

require:

— the crumbling of the raw material,

— the greater amount of adhesives, stronger binding
of particles due to a considerable content of a soft
core in the inner part of stalks.

The shive properties can be altered in fairly small
range depending on geographical location, local condi-
tions of cultivation, fertilization, variety, etc.

For instance, Chilean shives comparing to the simi-
lar Polish shives show the following advantages:

— almost undetectable odour,

— lower hardness of particles,

- lower content of fibres, dusts and other impurities.

Among the disadvantages one can find following
features:

— the bigger share of coarse fraction particles,

— the lower content of usable shives,

— the necessity of additional crumbling of coarse
fractions in order to increase the effectiveness of
raw material utilization.

Tab. III shows the quality demand for flax and hemp
shives effective in Poland comparing to the quality of
Chilean shives assessed on the basis of tests conducted
by the Institute of Natural Fibres.

I11. Quality requirements of hemp and flax shives used in Poland
comparing with Chilean shives on the basis of assessment conducted
in Poland (%)

” Shives

Properties
flax hemp | chilean

Content of usable shives 75-80 | 75-80 73
Moisture content to 15 to 15 9.5
Fibre content to§ to 12 0.5
Roots content 9-15 - -
Dust content 11-14 12 1.2
Other impurities - 6-10 35
Orgamc_ acxd' content calculated 0 0.15 | to 0.15 0.08
for acetic acid

Source: Frackowiak and Kozlowski, 1962; Fracko-
wiak etal, 1967, Koztowski, 1973
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BAGASSE AND REED STALKS

The sugar cane is cultivated in many parts of the
world and bagasse is the residue material obtained each
year during sugar production. In a first place it is used
as a fuel in sugar plants, the remainder is used for
lignocellulose board production.

The reed in Poland is available from natural reed
habitats, which are not a result of cultivation of any
kind. Hence both the yield and the efficiency are the
result of the natural local conditions. The most valuable
part of the plant — the stalks — is 1.5-5 m long with
walls of thickness ranging from 0.6 to 2 mm. The stalks
are used for the particleboard production. The proper-
ties of the reed straw are similar to those of sugar cane.
The moisture content is the lowest during winter (14—
21%). The reed straw is used for the production of reed
boards which can be used in building industry and for
plait of different products for home use. The reed re-
sources in Poland are estimated to 70-75 thousand
ton/year. The reed residue is estimated to 4-5 thousand
tons and is to be considered also a raw material for
particleboard production.

The reed displays the following advantages:

— low density (6070 kg/m?) an unpressed state at

the moisture of 15%,

— the lowest known water adsorption among all or-
ganic building materials (most probably due to

. a high content of silica),

— low expansibility,

— good performance under the flame conditions pro-
bably due to a considerable content of silica.

There are also disadvantages:

— high content of ash (approximately 2.5-2.8%)
which contains calcium, silicon, magnesium and
potassium oxides. The high content for ash is the
reason of quick blunting of the cutting equipment,

— the need of suitable crumbling of raw material due
to the waxes covering the stalks which influences
board quality.

The ecomomic problems regarding the reed and reed

residues consist in:

— raw material stock localized in the remote parts of
the country and costs of transport,

— the size and the quality of raw material and the need
of storage of the material associated with this fact.

From the technological point of view the reed resi-
due is a very good raw material for the production of
light boards to be used in building industry, manufac-
tured as special ones-water-, fire-, and fungiproof
boards (Koztowski etal., 1972).

GRASS (MISCANTUS)

A valuable raw material for the particleboard pro-
duction is the China reed — Miscantus sinensis Gigan-
teus. It belongs to the perennial grasses. There is
a grass of a very high efficiency of biomass per the
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surface unit. Miscantus contains high amounts of cel-
lulose. This grass due to the ability to accumulate
heavy metals can be cultivated in polluted areas. The
research on the possibility of cultivation of this plant
and its possible applications is carried out in many
countries of the world (Hasse, 1990).

COTTON STALKS

The cotton grows in the countries of a moderate
temperature, e. g. 290-300 K throughout the year. The
bushes are 0.5-1.5 m tall depending on the type of
cotton and conditions of cultivation. After harvesting
of fibre balls, stalks are the residue material left in the
fields, which is used as a raw material for lignocellu-
lose boards production, especially in the countries of
low forestry. The efficiency of the material is low in
the proportion to the content of the cortex, fibre, husks
and leaves. The boards are light brown.

OIL PLANTS RESIDUES AND SMALL GRAIN STRAW

Vetiver is native to tropical and subtropical coun-
tries. This is the perennial grass about 2 m tall. Each
bush consists of approximately 25 stalks. The length of
roots is about 45 cm. The fresh root weighs 65 g. This
species is used for the extraction of oil which can be
applied in pharmaceutical and cosmetic industries
(Koztowski, 1981).

The vetiver roots have the following features:

— long, heavily twisted, rhizomes of different

length, red and black in color,

— high content of mineral impurities and dust which
forces to provide an intensive purification,

— alkaline reaction of the material which has to be
taken into account in the binding technology.

The technological problems consist in:

— proper crumbling of the material to ensure maxi-
mum degree of crosscutting,

— necessity of installation of special equipment for -
dust removal due to hazardous and irratating gases
and dust emitted crumbling of the material.

Features of the vetiver describes above show that is
value as a raw material for particleboard production is
reduced by:

— relatively low content of usable fraction (60%),

— high content of mineral impurities and dust,

— difficulties during crumbling.

Rape straw is still the residue material which due to
its properties cannot be fully applied in the agriculture.
In most cases the straw is chopped and distributed in
the field. Taking into account the climatic and soil con-
ditions, rape can be cultivated on the acreage of
800,000-1,000,000 hm? in Poland (Koztowski,
Przepiera, 1987).

Oil flax in Poland is cultivated on a very small scale
presently only about 1,000 hm? However, a further

ZEMEDELSKA TECHNIKA, 41, 1995 (3): 101-111



development of cultivation of this crop is anticipated in
Poland mainly due to growing interest oil Flax varie-
ties.

Great resources of oil flax can be found in Canada,
U.S.A., Argentina and the China. The waste straw of
rape, oil flax and small grains can be excellent raw
materials for insulating particleboard production of
*Stramit’ type.

The advantages of such residue for ’Stramit’ type
boards are:

— low density,

— low coefficient of thermal conductivity,

— low costs of production, since the material does

not have to be crumbled, nor specially purified.

FOOD PLANT RESIDUES

The valuable raw materials for lignocellulose board
production are also many other residues such as: grape-
-vine stalks, rice husks, arachid husks, bamboo, hop,
wicker residues, etc.

The attempts at using these materials for lignocellu-
lose board production were made many times in e. g.
Siempelkamp Company, INF and others with good re-
sults,

WOOD INDUSTRY BY-PRODUCTS

A considerable place in the lignocellulose board in-
dustry is taken by saw dust that complements shives.
The saw dust is characterized by the following features:

— variable moisture content ranging from 70 to

120% right away after cutting a tree, to 40-60%
after longer storage,

— crumbling of particles having different shape and

slenderness than shive particles.

A distinguished differences in shape and slenderness
were shown in Tab. IV. The data are based on slender-
ness coefficient estimation of individual fractions of
saw dust and shives (Koztowski, 1975).

Here are some advantages of saw dust:

— rich and accessible raw material stock,

— low price and low costs of transport due to the
short distances,

— recommended sizes of particles — no additional
costs of crumbling is required.

However, like other raw materials, saw dust create

some technological problems such as:

— necessity of drying which imposes the introducti-
on of additional dryers into technological line for
materials containing high amount of water,

— content of high amount of impurities (different
pieces of wood, bark, etc. ) — there is a demand
for suitable devices to remove the impurities.

THE PROPERTIES OF PARTICLEBOARDS BASED
ON ANNUAL PLANT RESIDUES AND SAW DUST

As mentioned above the following annual plant resi-
due materials are used for the production of particle-
boards: flax and hemp shives, jute stalks, bagasse and
saw dust. ’

One of the most important advantages of these
boards is a possibility of board production in a wide
spectrum od densities from 300-750 m>. Density ranges
for individual residue materials are given in Tab. V.

The physical and mechanical properties of particle-
boards from annual plant residues manufactured ac-
cording to the INF technology are shown in Tab. VI.
The table contains the results for 19 mm boards.

Tab. VII displays physical and mechanical proper-
ties of boards tested by Siempelkamp, made of jute
stalks, cotton stalks, bagasse, bamboo and arachid
husks manufactured according to Siempelkamp tech-
nology. The results showed refer to the three layer
boards, 19 mm thick, manufactured under laboratory
conditions in Siempelkamp Company.

The residue materials like oil flax straw, small grain
straw, reed and reed residues are very good raw mate-
rials for insulating boards according to ’Stramit’

IV. Assessment of the shape and slenderness of particles (saw dust, shives)
Braction s Raw:matarsal Unit Most frequent size Medium size Slendemess]
P (mm) of particles (mm) of particles (mm) coefficient 4
length 1 2.0-5.0 57 2385
saw dust
z thickness d 0.6-2.0 2.0
2.5 sieve
) length ! 7.0-11.0 10.9 10.58
shives
thickness d 0.6-1.5 1.03
length ! 1.1-2.5 2.07 2.30
saw dust i
5195 sikve thickness d 0.6-1.5 0.9
. length ! 2.6-6.0 58 6.44
shives
thickness d 0.5-1.0 0.9

Source: Kozlowski, Piotrowski, 1987
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V. The density range of particleboards from different annual plant refuse

Low density I Medium density
specific weight (kg/m?)
300 400 500 600 700 800
Flax .
Hemp
Jute
Bagasse

Flax + saw dust

Rape
Source: Frackowiak, Kozlowski, 1962; Frackowiak et al, 1967, Koztowski, 1973; Koztowski, Piotrowski,
1987; Niedermaier

VI. Physical and mechanical properties of particleboards made of annual plant waste, produced ding to the technology of the INF

Hemp Flax + saw dust ”
Properies Unit Flax . three layer . three layer V:)(::r
particleboard particleboard particleboard particleboard
Density kg/m? 600 600 600 650 650 650
Modulus of rupture MPa 16-18 15-16 17-18 17-18 17-18 16-17
Internal bond strength MPa 0.3-0.4 0.4-0.5 0.5-0.6 0.5-0.6 0.5-0.6 0.5-0.6
Swelling thickness after 24 hrs % 15-20 16-18 20-25 8-10 12-13 10-12

Source: Frackowiak, Koztowski, 1962; Frackowiak et al, 1967; Koztowski, 1981; Koztowski, Piotrowski,
1987

VIIL Physical and mechanical properties of particleboards made of annual plant waste, produced according to the technology of the

Siempelkamp
Properties Unit Bagasse Cotton stalks Jute Reed Bamboo Peanut husks
Density kg/m? 600 600 580 730 625 750
Modulus of rupture MPa 20-21 16-17 15-16 22-23 18-19 17-18
Internal bond MPa 0.4-0.5 0.4-0.5 0.5-0.7 0.4-0.5 0.6-0.7 0.5-0.6
Swelling thickness % 6-7 5-6 12-15 6-7 6-8 -

Source: Niedermaier

VIIL Physical and mechanical properties of insulating boards depending on raw material used

> ~
£ % g .= Acoustic insulation
g .. - - e e at the frequency
2 8 o g | SE| ES
=] s S > 32 (Hz)
Type of raw material E ~ s & 2 g g § % $s
3 e® | e5| 73 8 5 5
g ao | g% gE| &§ £ 5 ‘g 'S
.5 -~ ‘a B = o = =3 35 = =
$T | E5| 5% | 55| Eg2| Ta| 5G| EG | o320 20012800
E < n e =8 =7 Q g M g IE o f‘ o
Rape straw 50+ 1.5 270 18 220 0.80 1.20 0.071 0.95 - -
Oil flax straw 5015 490 18 190 1.15 1.60 0.069 0.92 20 22
Small grains straw ) 50+1.5 420 18 210 1.00 1.35 0.073 0.99 19 21
Unclassified straw 50+1.5 490 18 195 1.15 1.60 0.069 0.92 20 22
Reed and reed waste 5015 270 18 200 0.075 1.20 0.071 0.95 - -

Source: Koztowski, Przepiera, 1987
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IX. The parameters of urea-formaldehyde resins used in the particleboard plants in Poland

Y . Type of resin

Properties Unit
112E Silekol Silekol W — 1

Density at 293 K g/em? 1.26-1.29 1.27 1.25-1.35
Viscosity at 293 K MPa 300-500 700-1200 500-900
pH 7.6-8.6 7.5-9.0 7.5-8.5
Content of dry matter at least %o 64 66 65
Free formaldehyde content — at the outmost 0.15 0.30 0.30
Molar ratio of urea to formaldehyde 1.0:1.2 1.0:13 1.0:13

Source: Koztowski etal, 1993

method, for instance. The physical and mechanical
properties for this type of boards manufactured accord-
ing to the technology of INF are given in Tab. VIIIL

BINDING MATERIALS

For the production of particleboards made of annual
plant residue it is necessary to apply synthetic heat-
hardened glues based mainly on urea-formaldehyde or
urea-melamine-formaldehyde resins. In recent years the
technologies were developed where the binding mate-
rials are gypsum and cement and other original tech-
nologies such as production of boards resistant to fire
according to the technology of the INF, where a new
binding material was used — the polycondensation
product of urea borates and urea phosphates with sili-
cates. Among amino glues the most common are urea,
melamine-formaldehyde and phenol-formaldehyde resins.

The advantages of urea resins are:

— low price,

— wide range of use when hardening can take place

(368-523 K),

— short time of hardening,

' — high mechanical resistance of adhesives.

Disadvantages are as follows:

— low resistance to cold water, steam and atmosphe-

rical factors,

— emission of free formaldehyde.

For the hardening of resins the most often chemicals
used are ammonium chloride or ammonium sulphate
and moderating additives (ammonia, urotropine, urea).
The paraffin-stearic emulsion is added in order to im-
prove water resistance.

For instance, Polish particleboard plants use three
main types of urea-formaldehyde resins. The properties
of these resins are shown in Tab. IX.

For the production of lignocellulose boards a degree
of particle gluing is, on the average, 7-10% depending
on the material used. For the shive boards this level is
7%. For the shive-saw dust boards this level ranges
from 8 to 10% depending on shive share.

Alike the wood chip board industry, the very impor-
tant problem concerning particleboards is the emission
of free formaldehyde.
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In the particleboard industry in Poland, efficient re-
sults were obtained regarding the decrease of formal-
dehyde emission from the boards through the following
efforts:

— application of the technologies using the amino-

magnesium scavenger of formaldehyde,

— pressing time elongation,

— application of modified urea-phenol glue.

The content of formaldehyde in the boards ranges
from 5.88 to 8.38 mg/100 g and the emission of the
formaldehyde ranges from 0.006 to 0.029 mg/1 m’,

THE TECHNIQUES OF RAW MATERIAL
PREPARATION AND TECHNOLOGIES
OF LIGNOCELLULOSE BOARD PRODUCTION

The raw materials for the lignocellulose board pro-
duction are obtained as a waste products of different
industries. Their usability is described by the special
techniques of raw material preparation and technolo-
gies of particleboard production. These factors are as
follows:

— technologies of harvest, transport and storage,

— technologies of raw material preparation,

— particleboard production.

The harvest, transport and storage and techniques of
initial processing depend on the type of material used.
The technologies of initial processing are being ad-
justed in order to meet the specific conditions of con-
tamination contained in the raw material (Fracko-
wiak, Koztowski, 1965; Kozlowski et al,
1972). These conditions encompass the separation of
the basic source of contaminations, e. g. fibres, roots,
dusts, stones etc. In some cases the methods of crum-
bling of raw materials have to be chosen for a specific
raw material (hemp shives, jute stacks, cotton stacks,
bagasse etc.).

The technologies of board production should take
into account the specificity of the raw material used,
for instance: flax shives show a low permeability of
mat-forming and resistance to deformation. Therefore
longer pressing time must be applied. In this case, from
the economic point of view, most suitable are multi-
platen presses. The single-platen presses are used only
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when very low efficiencies are required. In the case of
flax shives, the circulating frame system and stationary
initial press were chosen as most suitable. The band
system is not recommended due to a low permeability
of the mat which makes difficult a safe insert of panel
into then main press (hot one).

Loading stations have to be adjusted to a particular
technology from the point of view of their kind a num-
ber. The raw materials discussed here are useful for
homogeneous board production and three-layer boards.

FLAX BOARD PRODUCTION

The production process of flax boards is a continu-
ous process. There are two main stages in the process
that are independent and differ in the kind and purpose
of the equipment. The overall technological process for
homogeneous board production is showed in Fig. 1.

During the first cycle of the production, the initital
purification and sorting of shives, during the second
one board production takes place (Frackowiak et
al., 1967).

Purification of shives is carried out at three stages.
Removal of dust and waste fibres is performed using
specially constructed devices. The separation of roots
is performed in the pneumatic sorter. Separated roots
are ground and returned to the production. Root con-
taminants are present when the harvest is based on pull-
ing: (flax), whereas when the material is harvested by
cutting such contaminants are not present (hemp, jute,
etc.).

Purified shives transported to silos for storage,
where the material is seasoned.

In the second production cycle, purified and sea-
soned shives are fed into the feeder of purified shives.

FLAX SHIVES

RAW MATERIAL STORAGE

INITIAL PRESS (COLD)

HOT PRESS
GRINDING LINE

STORAGE

}

SHIVES CLASSIFICATION

DUST OR

CLEANING

leboard

flax parti
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The control of the raw material passing to the further
production stage is ensured by band transporter control.
The accuracy of feeder work depends also on the suf-
ficient homogeneity of the upper layer of shives. These
factors are crucial for the proper relation of glue to the
shives.

Blending of shives can be performed using different
types of blenders (the percentage of blended particles
varies from 7 to 10% depending on the raw material).
In Polish plants, which manufacture particleboards
working on the base of annual plant wastes, the tur-
boblenders are used. They ensure quick and uniform
blending of raw material. In the further process blended
shives are initially dried to the 12-13% of moisture
content. This is an important technological feature be-
cause the initial polycondensation of glue takes place
which increases its viscosity and binding ability.

The bulk density and thickness of the boards are
controlled by the feeding device and exchangeable dis-
tance bars.

The number and the kind of forming stations depend
on the kind of particleboards produced (homogeneous
boards, 3-layer boards). Forming stations dose the par-
ticular amount of the material to the Cahl plates. Due
to the specific conditions created by the plant material
the production cycle provides the initial cold pressing
with the pressure of 2.5 MPa. The pressing is to form
the firm panels allowing to load them into the mul-
tishelf-hot press.

HEMP, SHIVES

!

SEPARATION PROCESS ]

SORTING
DEDUSTING

pusT T !

HORT F
SHORTFiBRES SHORT lBRiSEPARATION I

——

[ BREAK-UP

“{  DRYING up to 4% of humid ]

[ PNEUMATIC SEPARATION |
T
[ posage | [ oosase |
w
a EXTERNAL INTERNAL
= LAYERBINDING| | LAYER BINDING
(]
e
B MATFORMING
=) L_
z [ INTIAC PRESSING |
4
[ HOT PRESSING ]
— LINE GRINDING

2. Three-layer, hemp particleboard
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Pressing parameters
220-450
2.0-3.0

Pressing temperature K

Pressing pressure MPa

When high temperatures are used for pressing, it is
necessary, however, to take into consideration the in-
itial drying of the material before blending (like in the
case of wood chips) to the moisture content of 3—4%.

The Figs. 2, 3 and 4 show the diagrams of the sub-
sequent stages of the production of the 3-layer hemp
shive boards, 3-layer wood dust-shive boards and ho-
mogeneous boards from vetiver roots. The technologies
for the production of these boards were developed in
the INE. The technologies include minor technological
changes resulting from the specific raw material, press-
ing parameters, and kind of boards.

PARTICLEBOARD PRODUCTION ACCORDING
TO THE 'STRAMIT" METHOD

Annual plants residues such as rape straw, oil flax
straw, small grain straw, reed and reed wastes are use-
ful for the insulating board production, for instance
according to the 'Stramit’ method. The technology of
such board production ‘is showed in Fig. 5.

The production is a continuous process taking place
in the device including six machines. The production
is a programmed, multi-functional cycle with an auto-
matic self-controlled temperatures (Koztowski et
al., 1987).

The press is uniformly fed with raw materials,
firmly compacted and pressed. At the same time the
compacting mechanism moves gradually pressed mate-
rial which is subsequently blended continuously. The
cardboard is fed from rolled bales which are placed

VETIVER ROOTS

RAW MATERIAL STORAGE

IR S EPATATION

HOT PRESS

GRINDING LINE

over and under a board formed. Then the board is
placed in a tunnel where it is dried and the glue bond
is hardened.

THE METHODS OF IMPROVING
OF LIGNOCELLULOSE BOARDS MADE
OF ANNUAL PLANT WASTES IN POLAND

The structure of lignocellulose boards made of an-
nual plant wastes and a possibility of board production
of different densities and thicknesses created the de-
mand for an improvement in production technologies
of boards mainly for the building and furniture indu-
stries (Koztowski etal., 1979, 1981). The research
and introductory works in the plants manufacturing lig-
nocellulose boards from the particles of annual plants
resulted in the introduction of the following technolo-
gies of board improving:

— with dull laminates having specially finished sur-
face feature which is formed during the manufac-
ture of the laminate,

— with the foils on the paper carrier having final
finished surface for the further finishing with var-
nish methods.

The technologies for fire resistant boards were also

developed on the basis of:

E.L. (External Layer)
SAW DUST

DRYING (up to 5-7% of humidity)

LL. (Internal Layer)

i

BINDING
(12% of glue dry mass)

FORMING L.L. I .

DRYING
(12-13% of glue dry mass)

DRYING
(up to 12-13% of molsture)

3. Homogeneous vetiver roots particleboard
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BINDING

DRYING
(up to 14% of humidity)

INITIAL COLD PRESSING

BOARD PRESSING
HOT PRESS

HE

4. Three-layer saw dust-shives particleboard
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5. The scheme of device for insulating board production

. main engine

straw feeder

. fed material rammer for ribbon pressing

. binding agent feeding cylinders for ribbon covering

. heading panels of the initial and final board pressing tunnel

R S

— new kind of binding material — a polycondensati-
on product of urea borates and urea phosphates
with silicates, lignocellulose and mineral particles
e. g. vermiculite,

— amino-formaldehyde resins, lignocellulose partic-
les, fire retards, boric acid, ammonium phospha-
tes, urea, biuret and urea polyphosphates)
(Koztowski etal., 1984, 1989, 1992).

CONCLUSIONS

1. The annual plant wastes: flax and hemp shives,
jute stalks, bagasse, reed stalks, cotton stalks, grass-like
miscantus, vetiver roots, rape straw, oil flax straw,
small grain straw, arachid husks, rice husks, grape-vine
stalks and palm stalks are cheap and valuable raw ma-
terials for lignocellulose board production.

2. Production technology is similar to the lignocel-
lulose board production from wood particles.

3. The specificity of board production from annual
plant waste consists in raw material preparation in-
clunding purification and sorting of the material.

4. Lignocellulose boards from annual plant wastes
are characterized by a wide range of densities — 300—
750 kg/m®.

5. The main field where the annual plant waste boards
are applied are building and furniture industries and
transport.
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DISCUSSION

PROCESSING OF AGROMATERIALS

The way how the agromaterials are processed de-
pends on the purpose they are used for. If the crop is
used for the energy generation simple ,,burning* is not
feasible in the large scale. Transportation to large en-
ergy plant is costly and small plants are not effective.
In the case of wet material (plants grown on sludge)
drying is energy-consuming. Therefore biomass will be
first transformed to biogas which could easily be done
in small local units and biogas can be simply stored and
transported (it not used locally).

Economy environment is another factor affecting the
processing. This was demonstrated in the case of biooil.
Lubricants or diesel fuel are alternative possibilities
and the choice depends on economy considerations as
taxes, price of mineral oil, etc.

Economy also determines the processing of pota-
toes. Fermentation would be the method of choice pro-
vided the price of sugar is high. Another possibility
might be to use potato starch, however, to prevent
water pollution during its manufacturing would ask for
costly investments. Manufacturing of biodegradable
packing materials would be possible if the tax regula-
tion prefers biodegradable materials, etc.

Last but not least factor is public fashion. This affect
substantially the balance between extent of using cot-
ton, flax and synthetics as textile materials.

In the future with the decline of fossil carbon re-
sources (coal, oil, gas) agromaterials will gain impor-
tance as starting materials for chemical industry.

Prof. RNDr. Jaroslav Drobnik, CSc., Institute of Biotechnology, Charles University, Praha
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Prof. RNDr. Jaroslav Drobnik, CSc., Pfirodovédeckd fakulta UK, Biotechnologicky tstav, Vinién4 5, 128 44 Praha 2,

Ceska republika, fax: 0042/02/29 36 43
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LINSEED IN HEALTH FOOD AND NUTRITION

SEMENA LNU V DIETE A VYZIVE

P. KoBodziejczykl, P. Fedecl, J. Kozﬁowskaz, R. KozBowski’

'p. 0. S. Pilot Plant Corp., Saskatoon, Canada
nstitute of Natural Fibres, Poznan, Poland

ABSTRACT: This paper describes possible applications of linseed based products for the health food market. The linseed
oil contains particularly high levels of omega-3 fatty acids. Dietary effects of these acids may be linked to the functions of
blood platelets, cholesterol levels and prevention of coronary diseases. Moreover, linseed has a high content of lignans which
apparently exhibit some antitumor activity. However, there are antinutritional factors in linseed such as cyanogenic glucosi-
nolates and it has a tendency to concentrate heavy metals within storage protein of seed. For pharmaceutical or food markets,
new varieties and/or agronomic techniques need to be developed. Presented data show application of BIOFLAX, a product
developed and marketed by the Institute of Natural Fibers in Poznan. The BIOFLAX, when applied as a bakery additive
showed improvement in major bread functionalities.

linseed; coronary diseases; antitumour effect; BIOFLAX

ABSTRAKT: Jsou popsdny moznosti uplatnéni vyrobki z Inénych semen pii zdravé vyZzivé. Ve Inéném oleji je zv1a§t vysoky
obsah omega-3 mastnych kyselin. Dieteticky vyznam téchto kyselin spocivéd v jejich vlivu na krevni desticky a na obsah
cholesterolu a jako prevence korondrnich onemocnéni. Krom& toho maji semena Inu vysoky obsah lignanti, které plisobf
protinddorové. Maji viak i nékteré nepiiznivé vlastnosti, jako je obsah kyanogennich glukogenii nebo tendence uklddat v sob&
t&Zké kovy. Pro farmaceutické a potravindiské potieby je nutné vypéstovat nové odriidy a vyvinout nové agrotechnické
postupy. Je poukdzdno na vliv pifpravku BIOFLAX, ktery vyvinuli a na trhu nabizeji pracovnici Ustavu piirodnich vldken

v Poznani. BIOFLAX pouzity jako pfidavek do tésta zlepSuje vlastnosti chleba.

semeno Inu; korondrni onemocnéni; protinddorové plisobeni; BIOFLAX

INTRODUCTION

Interest is growing for flaxseed (linseed) applica-
tions in food and health food industries. Bioactive sub-
stances of flax: a-linolenic acid and lignans have been
the subject of extensive research in recent years. A new
flax variety: Linola™, with an altered fatty acid pro-
file, has been introduced in several countries. The mar-
ket for functional food products, containing flaxseed
components is growing due to public awareness and
interest in nutraceuticals. Analytical methods for moni-
toring anti-nutritional and toxic substances in flaxseed
have been developed.

Agricultural industries in developed countries pro-
vide abundant amounts of food staples to their popula-
tion. To alleviate overproduction of basic agricultural
commodities, politicians desperately seck new crops to
offer farmers (voters), entrepreneurs and applied re-
search organizations in the quest of value-added food
products. Resulting niche markets may appear for the
special products (including health food markets, func-
tional foods, nutraceuticals, etc.). The general public
has become more focused on healthy aspects of food
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as a result of better education regarding eating habits,
and often to aggressive and not always sincere adver-
tising campaigns of health food producers promoting
their products. In addition, rising medicare costs for the
aging population of these countries is taxing. The ra-
tionale for this observed trend is simple, prevention is
less expensive than treatment. In fact, despite consid-
erable expenditure on cancer or coronary disease re-
search, the prevention: i. e. balanced diet, healthy life-
-style, is still the number one treatment.

Regardless of the reasons for this phenomenon, the
health food market is growing rapidly and entrepre-
neurs are seeking new sources of bioactive substances
for incorporation into foods. These developments are
creating interest in theoretical and applied research re-
lated to biological activity of new or traditional foods
and their components. Flax or linseed (Linum usitatis-
simum) is a perfect example of how food trends may
stimulate research and development of new products.

Flax is an ancient crop cultivated for over 8 000
years, likely of Asian origin and known to ancient so-
cieties of India, China and Egypt. Flaxseed contains
35-45% oil and approximately 25% protein at 10%
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moisture. The unique seed coat contains a water dis-
persable carbohydrate or gum mucilage (2-7% by
weight). Traditional flax oil is a highly unsaturated,
readily oxidized oil — referred to as a drying oil due to
high a-linolenic acid levels. New, low linolenic flax
varieties produce a stable oil with great potential for
edible uses.

Linola™ is a chemically mutated flax variety with
altered fatty acid composition. This low linolenic flax
variety, registered in Canada as Linola™, was deve-
loped by the Commonwealth Scientific and Industrial
Research Organization (CSIRO) in Australia and Uni-
ted Grain Growers Limited (UGG, Canada) (Green,
Dribnenki, 1994).

FLAX LIPIDS

Lipids play an important role in human diet, serving
as a reserve energy source for metabolic processes.
More importantly, lipid fatty acids are basic building
blocks of cell membranes.

Certain dietary polyunsaturated fatty acids (PUFA)
are capable of regulating cellular eicosanoid biosynthesis.
This aspect is noteworthy because excessive production
of eicosanoids may exacerbate chronic pathophysiolo-
gical conditions (i.e. coronary disease, inflammation).
Consumption of ®-3 PUFA is associated with reduced
incidence of coronary arterial diseases. Flaxseed oil is
rich in ®-3 PUFA’s and especially a-linolenic acid (up
to 65% of total fatty acids).

Most terrestrial plants synthesize only the w-6 series
of fatty acids, i.c. linolenic acid (18 : 2n-6). Flax oil
with its high linolenic acid (18 : 3) content is unique
amongst other crops, and belongs to the fish oil class.

THE OMEGA-3 VS. OMEGA-6 BALANCE

Evident shifts in Western diets have occurred within
the last two centuries influenced by industrialization
and modern agriculture. As a result (n-3) fatty acids are
currently under-represented in Western diets, where to-
tal fat consumption is high. Recently the role of (n-3)
polyunsaturated fatty acids in human development, di-
sease prevention and treatment has been examined.
The triacylglycerol lowering effect of (n-3) PUFAs is
one of the most consistent findings (Kinsella etal.,

1990).

LIGNANS AND THEIR ROLE IN HUMAN DIET

Reports suggest that the incidence of cancer is lower
in countries favoring vegetarian diets, but which die-
tary factors are responsible is unknown. Lately, atten-
tion has focused on lignans, natural products widely
distributed in plants. Substances belonging to this
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group have exhibited antitumor activities (Axelson
et al., 1992).

A novel group of lignans has been confirmed as
a mammalian metabolite. These lignans: enterolactone
[trans-2,3-bis(3-hydroxybenzyl)-y-butyrolactone] and
enterodiol [2,3-bis(3-hydroxybenzyl) butan-1,4-diol]
may be primarily derived from plant lignans or other
precursors in the diet. These substances indicate tumor
growth suppression, particularly breast cancer. Al-
though an association appears for low urinary excretion
of mammalian lignans in non-vegetarians and post-
menopausal women with breast cancer as opposed to
healthy subjects, the mode of action is unclear
(Stetchell, 1981, Axelson, 1992). Lignan pro-
duction from precursors, present in food, could occur
in the colon by intestinal flora. Finally, not all food
groups produce the same amount of lignans, but in
a wide range of food staples screencd for lignan pro-
duction in animals and humans, flaxseed flour and its
defatted meal produced exceptionally high lignan lev-
els: 1. e. 100-800 times more than plant foods com-
monly found in vegetarian diets (Thompson et al,
1991).

ANTINUTRITIONAL AND TOXIC FACTORS
IN FLAXSEED

Generally, substances impairing feed value by re-
stricting availability of meal constituents to animals are
known as antinutritional factors. Toxic factors are poi-
sonous substances and their maximum tolerance (daily
uptake) levels are usually regulated. As an example,
flaxseed contains a certain amount of cyanogenic glu-
cosides; linamarin, linustatin and neolinustatin. Levels
of cyanogenics are influenced by cultivar, location and
climatic conditions (Oomah et al., 1992). Levels of
cyanogenic substances in flaxseed usually range from
300 to 800 mg/100 g (0:3-0.8%).

CADMIUM UPTAKE BY FLAX PLANTS

Concerns about heavy metals as contaminants in the
environment are increasing. Since food is the main
route for metals entering the body, monitoring of metal
levels in agricultural crops and food stuffs is needed.
Flaxseed, as a human food source or supplement, is
receiving more attention as evidenced by growing mar-
kets for flax-based healthy food products, bakery addi-
tives and new flax varictics (LinolaTM) designed for
human consumption.

In response to public concern about cadmium con-
tamination in food products, nineteen countries in 1986
established maximum permissible limits in foodstuffs
(Walker, 1988). For example, the Australian Na-
tional Health and Medical Research Council (NHMRC)
sel maximum permissible concentrations of cadmium
in bran, wheat germ and other unspecified foodstuffs at
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0.2 and 0.05 mg/kg of fresh food, respectively. In Ger-
many, a 300 ppb (0.3 mg/kg) limit for cadmium has
been introduced. The German study indicated geno-
typic differences may be associated with uptake and
accumulation of cadmium. Moreover, location (soil
type, pollution) affected cadmium levels. In one site
study where 15 varieties were tested, none met the 300
ppb minimum; some samples exceeded 1 700 ppb
(Marquard et al.,, 1990).

Comprehensive North American data regarding cad-
mium levels for different varieties, soil types and loca-
tions is lacking. Fragmentary information suggests
higher cadmium levels occur in specific varieties (i. e.
Omega) popular in the United States. This appears to
be consistent with analytical data gathered in our labo-
ratory where seed samples of the Omega variety from
N. Dakota indicated up to 1 300 ppb cadmium.

A more extensive study is required before generaliza-
tions can be made about varietal and regional variations
in cadmium levels of flax. The German studies suggest
that in certain locations, flaxseed having acceptable cad-
mium levels within allowable specification may be unat-
tainable. On the other hand, development of flax varieties
accumulating lower cadmium levels is also a possibility.

EFFECT ON THE HEALTHY FOOD MARKET

The findings presented above certainly will support
further development of new varieties of food products
and food additives based on flax meal/flour. An exam-
ple of such a product is Bioflax (INF Poznaii, Poland)

Our data has shown that Bioflax — a preparation
based on defatted flax flour is an excellent natural ad-
ditive to bakery products. Its nutrient composition is
presented in Tab. I.

It was observed that it improves the texture of bak-
ery products, the moisture is better retained by products
containing Bioflax, and additionally, these products
keep their freshness for prolonged periods of time. An-
other advantage is the higher nutritional value of bak-
ing goods enriched with the linseed additive.

I. Nutrient composition of Bioflax (per 100 g of preparation)

Energy (kcal) 230
Protein (g) 4]
Fat (€3] 9.6
Ash (2) 4.6
Dietary fiber (g) 11.6
Carbohydrates  (g) 21
Mucilage () 11

Results showing the influence of Bioflax® additive
on the quality features of wheat bread are presented in
Tab. II. Tests show that addition of Bioflax to wheat
bread has an influence on:

— extension of bread freshness,

— improvement in leaf volume as a result of growth

of the hygroscopicity of dough,

— improvement of quality features of bread: porosity

and bread value number.

CONCLUSION

In recent years flax components have attracted a great

interest due to the latest medical research results.

Flax seed contains the following:

— -3 fatty acids which influence blood platelet ag-
gregation, lowering the level of the cholesterol
and preventing coronary heart disease,

— an exceptionally high level of lignan precusors,
known as anti-tumor agents at 100-800 times hig-
her than in popular consumer products.

These properties allow for a wide use of flax pro-

ducts on the healthy food market:

— a wider use of flax seed oil in the human diet,

— possibility of changing animal lipid composition
as a result of applying PUFA-components of flax
in animal feed,

— a wider application products from defatted flax
meal in food.

I1. The influence of Bioflax addition on quantity features of wheat bread

Leyel of !Sioﬂax Hygroscopity of dough Number of bread value Coefficient of porosity | Compresibility after 72 h
addition 2 e
(%) (points) (points) (%)
(%)

0 60.0 147 95 63.8
1 61.0 135 93 66.8
2 62.8 129 95 70.0
3 64.0 139 93 69.6
4 65.0 159 100 66.4
5 66.6 176 100 67.0
7 69.4 167 98 65.6
9 72.0 168 98 70.4
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Bioflax® an example of a new healthy food product
offered as a natural additive to bread, has been prepared
by the INF, Poznar. Bioflax® addition improved the
quality features of bread, its porosity and its general
value and retarded staling.

REFERENCES

AXELSON et al.: Nature, 1992 (298): 1207.

GREEN, A. G. - DRIBNENK]I, J. C. P.: Lipid Technology,
29, 1994.

KINSELA, J. E. et al.: Amer. J. Clin. Nutr., 52, 1990: 1.

KOLODZIEICZYK, P. - KOZEOWSKA, J.: Flax in Europe.
Production and Processing. Proceedings of the FAO Europe-
an Regional Workshop on Flax. Bonn, 1993.
MARQUARD, R. von — BOHM, H. - FRIEDT, W.: Fat Sci.
Technol., 92, 1990: 468-472.

OOMAH, D. - MAZZA, G. - KENASCHUK, E. O.: J. Ag-
ric. Food Chem., 40, 1992: 1346-1348.

STETCHELL et al.: Lancet, July 4, 1981: 4.

THOMPSON, L. U. et al.: Nutrition et Cancer, 16, 1991: 43.
WALKER, J. M.: In Bur. Rural Resources, Proc. 2, Cadmium
Accumulations in Australian Agriculture, Canberra, 1988:
176-185.

Received on November 2, 1994

Contact Address:

Paul Kotodziejczyk, Ph. D,P. O. S. Pilot Plant Corporation, 118 Veterinary Road, Saskatoon, SK., Canada, STN 2R4,

Fax: (306) 975-3766

116

ZEMEDELSKA TECHNIKA, 41, 1995 (3): 113-116



FLAX PRODUCTION IN THE CZECH REPUBLIC
PRODUKCE LNU V CESKE REPUBLICE

L. Rosenberg], P. §mirous2, S. Krmela®

IState Institute for Testing in Agriculture, Brno, Czech Republic
2Linen Association of the Czech Republic, Sumperk, Czech Republic
3Moravolen, a. s., Sumperk, Czech Republic

ABSTRACT: The development of flax production since 1985 is presented. Between 1985 and 1993 there has been a 70%
decrease in the area of flax grown and matching decrease in the harvest of dew-retted flax. There has been a small revival
in flax production since 1994 and it is anticipated that 13-15 thousand hectares will be devoted to growing flax in 1995-96.
This would seem to indicate a stabilisation of the situation. The surveys of flax pfocessors are published.

flax stem; flax fibre; scutching mills; spinning mills

ABSTRAKT: V piispévku je uveden v§voj produkce Inu v Ceské republice v obdobi od roku 1985. Mezi léty 1985 az 1993
poklesla v§méra Inu o 70 % (obr. 1). Tento pokles se projevil zhruba 50% poklesem produkce dlouhého vldkna (obr. 2). Zde
se pozitivné projevila lepsi odriidové skladba péstovaného Inu. K ur&itému zvy3eni vyméry Inu doslo v roce 1994 (11 tisic
hektarll) a rlist se oekdvd i v dalSich letech. V budoucnosti lze pfedpokladat jistou stabilizaci p&stovéni stonkového Inu na
vyméfe v rozmezi od 13 tisic hektarl pfi celkové ro&ni produkci vldkna 7 aZ 8 tisic tun. Jsou uvedeny zékladni \idaje
o zpracovatelich stonkového Inu: obr. 4 obsahuje idaje o 19 tirndch a obr. 5 tdaje o pfadelndch, které v sou¢asné dobé
zpracovavaji stonek Inu, popfipadé Inéné vldkno.

stonek Inu; Inéné vldkno; tirny; pradelny

INTRODUCTION

Flax is the only textile crop grown in the Czech
Republic on a large scale. The crop has proved to be
suited to the poorer soils and climatic conditions of the
highlands and better mountain areas (Rosenberg et
al., 1992). Flax growing and processing has tradition-
ally been an important part of the Czech textile produc-
tion. Because it can be produced domestically it has an
advantage over other plant raw materials which have to
be imported (Krmela et al.,, 1993). The changes in
the economic system after 1989 brought a lifting of

price controls, a removal of subsidies for flax growing
and a loss of guaranteed eastern market. This led to
a period of stagnation in the flax industry and in the
flax production as well.

THE DEVELOPMENT OF FLAX PRODUCTION
SINCE 1985

The sowing area in 1985 was 23 thousand hectares
and yield of dew-retted flax was 4 ton per hectare. This
situation represents the maximum growing area and

25K
1
20K
15K
10K
5K -
1985 1990 1991 1992 1993 1994 1995* 1985 1990 1991 1992 1993 1994* 1995*
A Sowing @ Harvesting A Yieldofstraw @ Cropofstraw M Long fibre prod.

1. Flax sowing and harvesting area (in hectare)
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2. Yield (ton/hectare), crop of the straw (gon.lO‘) and the long fibre
production (ton.lOa) i

117



12 4

yield during the eighties. Subsequent development has
been charted through statistical surveys. Fig. 1 shows )
a stable level of flax production at an area over 20 10 T A
thousand hectares up until 1990. "
The change from the previous economic system and - .

its consequent reorientation towards a market cconomy "
removed all state interventions in agriculture and the 1 ~

4 -

2 -

1985 1990 1991 1992 1993 1994*

A Yam production [] Long fibre production [Z] Fibre import

3. Long fibre production (ton.10%), fibre import and yarn production

4. Scutching mills in the Czech Republic in 1994

(lonJO“)

Legend:
No | Name of company Address Place Phone Specification of production
1 Ceskomoravsky len, a. s. | Lndiskd 499 396 12 Humpolec 42 367 2811 flax boards, nonweaved text.
2 | Ceskomoravsky len, a.s. | 5. kvétna 951 396 12 Humpolec 42 367 2151 scutching flax, short fibre/shive
separation
3 | Ceskomoravsky len, a.s. | Domaninck 1217 593 01 Bystrice 42505 2146 | Scutching flax, short fibre/shive
nad PerStejnem separation
4 | Geskomoravsky len, a.s. | Bodejov 77 394 61 Bozejov 43366 7727y | -¥eutching Rax; short fibre/shive
scpnmuon
5 | Geskomoravsky len, a.s. | Bobrovi 13 592 55 Bobrovi 42616793204 | Sculching flax, short fibre/shive
separunon
6 | Geskomoravsky len, as. | Rvicovskd 1210 939,01 Hlinsko 425421077) | Feusching flax, shorifihine/shive
v Cechich separation
7 | LUZAN, a.s. 387 93 Bavorov 4234297261 | Scutching flax, short fibre/shive
scpamnon
8 Ceskomoravsky len, a.s. | Piscené 39 293 01 By §(ﬁcc 42 505 93131 . Scuwhing oz shortfibrelshive
nad Perstejnem separation
9 | CGeskomoravsky len, a.s. | Pomezi 352 569 71 Pomezi 424638071 | Scutching flax, short fibre/shive
separation
10 | CGeskomoravsky len, a.s. | Stard Rise 182 588 67 Stard Rife | 42 66 98237 | Scutching flax, short fibre/shive
separation
11 Ceskomoravsky len, a. s. | V&uny Jenikov 167 1588 fu Yeleny 42 66 95116 scmchlpg flax;;short:fibre/shive
enikov separation
12 | LENAS.a.s. Mals $tdhle 795 01 Rymafov 42647 gysyy | cutching:flax, short fibre/shive
separaton, flax rope
391 81 Veseli nad 5 - flax boards, scutching flax,
13 LUZAN, a. 5. LuZnici 42:303:85321 short fibre/shive separation
14 | LENKA. s 285 09 Kdcov 42 328 94326 scutching flax, short fibre/shive
v B . o oo separation
15 Sézavolen. s. . o 582 86 LeStina u 42 451 901 scutching flax, short fibre/shive
RRre ot Svetlé nad Sdazavou = separation
16 | KATEX,s.r. o. Vitkov 793 04 Stard Libavd | 42 646911531 | Scutching flax. short fibre/shive
scpnranon
17 | Tima, s. . o. 789 91 Stity 45, 645901THg -| Seuching:flak, short fibie/shive
separation, shive briquettes
29 Ndrek scutching flax, short fibre/shive
18 L. B.V. 340 22 Nyrsko 42 186 71181 separation
19 LINEN 3,s.1. 0. Lhota u Trutnova 541 03 Turnov 42 439 4061 scutchlpg flax, short fibre/shive
sepnmnon
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flax processing industry. This has put the Czech Re-
public at disadvantage when competing with E.C.
countries where such intervention still exists. In addi-
tion the industry has suffered from the collapse of the
east European market. The area of flax sown in the
Czech Republic dropped to 17 thousand hectares in
1991. Furthermore, bad climatic conditions, particu-
larly the draught which prolonged the dew-retting sea-
son by two months, has meant that only 10 thousand
hectares of this, could be harvested. The quality of fibre
was also poor. This decline continued, reaching its low-
est point in 1993. There has been an increase of some
11 thousand hectares of flax grown in 1994 and further
increase is expected. Not only was there a reduced area
of flax sown during these years but yields per hectare
were also lower. Straw crops have continued to be low
because of this situation (Fig. 2). Straw production has
dropped to 30 % of 1985 levels although fibre produc-
tion has only fallen by 50 % due to the introduction of
better flax varieties.

Our textile industry demanded about 10 thousand
tons of long fibre per year in the period 1985-1990
(Fig. 3).

The short fall in better quality fibre was made up to
some extent by imports, but there is still not sufficient

O PRAHA

5. Spinning mills in the Czech Republic in 1994

raw flax to meet the demands of the textile industry.
Fibre stores, including short fibre have been exhausted.
Previously, as short fibres were of limited use, a large
store had been amassed, but with the introduction of
new technology this too has been utilised. Now we are
in a situation where a shortage of raw flax exists in-
cluding shives for board production. Board production
is quite profitable and amounts to 60 thousand cubic
meters of board per year. Fig. 3 documents the halving
of yarn production up until 1992 and the predicted de-
crease for 1993.

RESTRUCTURALISATION OF FLAX INDUSTRY

The processing industry has passed through the pri-
vatisation. Scutching mills, the first step of flax pro-
cessing were previously monopolised by Ceskomo-
ravsky len Humpolec, which had 29 factories with 31
scutching mills. Four factories were closed during
1991-1992 and one new factory was set up. Flax is
now processed in 18 factories using 8 scutching mills
from Deportere and 17 of existing UTR mills with ca-
pacity 25-45 thousand tons of retted flax in one shift.
The present capacity of the scutching mills is more than
sufficient. Shive board production also takes place in
two these factories. A by-product of short fibre pro-
cessing is the production of fuel briquettes and a felt
wfleece”. Fig. 4 shows the location of flax processing
plants. Flax yarns were previously produced in 11 spin-
ning mills run by Texlen and Moravolen. Texlen and
Moravolen were transformed to joint-stock companies
and some factories became independent. Flax yarns are
now produced in 9 spinning mills (Fig. 5).

FUTURE EXPECTATIONS
Considering the current world boom of this crop, its

versatility (long fibre, short fibre, shive, seed, oil
meal) and its ecological advantages, it is anticipated

Legend:
No | Name of company Address Place Phone Specification of production
20 | MORAVOLEN Stefdnikova 1 787 01 Sumperk 42 649 4611 hackling, spinning, weaving
} hackling of long fibre and short

21 MORAVOLEN 789 56 Sudkov 42 649 2731 fibre, yarn TEX 58-125

22 | MORAVOLEN T¢. Hrding 67 792 01 Bruntdl 42 646 3951 | Wet spinning, dry spinning, flax
yarn of wool type

23 | NOBLESLEN,s. r. o. Sumavskd 17 787 01 Sumperk 42 649 4619 flx yarn TEX 30-74

24 | KALUS, s. 1. 0. Jaselskd 29 746 01 Opava 42 653 211621 | short fibre yarn

. 793 26 Vrbno pod

25 VRSAN, s. 1. 0. Jesenickd 196 Pradédem 42 646 52314 flax yarn TEX 42-105

26 | TEXLEN, a. s. Horskd 52 541 29 Trutnov 42 439 6551 hackling, spinning, weaving

27 | TEXLEN,a.s. Trutnov 4 541 02 Trutnoy 42439 6551 | hackling of long and short fibre,
wet and dry spinning yarn

28 | TEXLEN, a. s. Mladé Buky 542 23 Mladé Buky 42 439 947191 | short fibre yarn

29 TEXLEN, a. s. Libe& 541 06 Trutnov 4 42 439 3731 short fibre yarn

30 | PAJA 5.1 0. Nichodsks 140 541 03 Trutnov az4igi3sar | Short fibreyam, BD yam:by
cotton technology
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that interest in flax and flax products will continue to
increase. Current demand for long fibre for the textile
industry stands at 8-10 thousand tons per year. It is
clear now that 80% of this must be supplied by domes-
tic production. It is assumed that the area of flax grown
will stabilise at 13—15 thousand hectares producing 7-8
thousand tons of fibre. As a foundation for these
changes we foresee a need for stability for flax grow-
ers, as flax is indisputably a risky crop. Growers face
problems particularly with outdated harvest machinery.
Purchase of new, more specialised machines involves
many issues and demands a close co-operation between
growers, flax processors and the Ministry of Agricul-
ture.
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ACTUALITIES

EVALUATION OF TEST STANDARDS FOR MEASURING THE FIBRE
CONTENT AND STRENGTH VALUES OF FLAX

The industrial use of natural fibres requires precise
data of the fibre quality. The breeding of fibre plants
has to meet the industrial requirements. Therefore stan-
dardized test procedures for physical properties are
necessary to gain reproducible and appropriate data.

EVALUATION OF TEST STANDARDS FOR
MEASURING THE FIBRE CONTENT

Flax breeding is based on quality and quantity. The
gravimetrical property “fibre content® is a criterion for
the variety selection which is based on quantity. Par-
ticularly for breeders, the method of determining the
fibre content must be simple and rapid since a great
number of varieties must be tested for fibre content.

Task

After having analysed the current methods, like
NaOH- separation, picture analysis and NIR, one based
on mechanical decortication was tested (Tab. I). There-
fore a method to determine the fibre content by means
of mechanical decortication with 4 pairs of rollers
(BAHMER-Lab-Flax-Breaker) was developed.

Due to the good correlation between w,, ., and
W x4+ p it is possible to abandon the additional wet
chemical dissolution according to Bredemann. In-
stead of this wet chemical dissolution a calculation can
be done by means of the regression straight line. In this
way the determining of the fibre content can be simpli-
fied to a considerable degree. The named correlation
has to be checked and adjusted yearly (Tab. II).

However, this is still unsatisfactory. Therefore the
mechanical method was further developed.

Method of decortication with four pairs of rollers (Fig. 1)

Steps for the removal of the sample:

— manual pulling of a sample meter taken from the
trial plot,

— removing a roughly 20 g — sample from this ma-
terial.

Steps for the preparation of the sample:

— stripping off the seed pods,

— leaving roots intact since these break off automat-
ically during the rolling process,

— conditioning of the air-dried material: 12 h at 40 °C,

— weighing the mass of the whole stalk: = my}e

Definition stalk-
Mgy,
fibre content w = ———— 100 (%)
Myhole stalk

I. Processes for determining the fibre content

chemical process mechanical process optical process

wet chemical dissolution according to decortication with Lnair of rollers NIR-spectroscopy

Bredemann Q

—
Wy W xid Wyirs

m x6

decortication with 4 pairs of rollers

IBAS (partial areas of the cross-section
area determined by means of picture
analysis)

Winas

water retting with a following swingle process

Wris

according to Bredemann

W,

m x4+B

predecortication with | pair of rollers with an additional wet chemical decortication

according to Bredemann

W,

myx6+B

predecortication with 4 pairs of rollers with an additional wet chemical decortication
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Decortication
! QOO e
") —>
ClolCIO MO ——
e i—— |

1. Schematic view of the four pairs of decortication rollers

mc — metal container

Parameters of the decorticator

Manufacturer Gebr. Bahmer
T Bahmer-Labor-

ype Flachsbrecher “Flaksy*
Number of pairs of rollers 4
Pair of rollers 1 2 3 4
Setting of the each each each each
spring force (N) 40 40 40 40
Frequence of rota-
tion (N.) (rpm) 80 80 96 110
Outside diameter of 575 555 535 515

the rolls (mm)

The laboratory flax breaker was equipped with two
metal containers:

— metal container 1 (mc 1) helps to feed the sample
through the decorticator,

— metal container 2 (mc 2) collects the decorticated
sample which is separated into fibre bundles and rests
(woody parts, roots etc.).

Steps of decortication:

— putting the sample with the roots first on mc 1,

— inserting the sample to the decorticator,

— collecting the decorticated sample on mc 2,

— putting mc 1 aside mc 2,

— lifting the material from mc 2 to mc 1,

— cleaning mc 2,

T—I
_E_. ‘.L
A, Ly| L| L
— -———
P P
[0

2. Sample clamping

p = pressure
F = force
A, = original cross-section area

122

11 Correlation cocfficients r among various processes of determining
the fibre content

Method W,,,l x4+B Wigas Whirs
Wisas 072"

Wairs 077" 0.44

W, x4 075" 0.82"" 0.53""

(Significance level: "= 5%, “'= 1%, ~ = 0.1%; n = 32, for IBAS
n = 12); (Final report of the research programme, 1993)

— inserting the sample of mc 1 again to the decorti-
cator,

— repeating this procedure 8 times,

— weighting the mass of the fibre bundles: = mgpes.

EVALUATION OF TEST STANDARDS

FOR MEASURING THE TENSILE STRENGTH,
PERCENTAGE ELONGATION AND THE YOUNG’S
MODULUS OF ELASTICITY

Problem

In addition to the economically most important
gravimetrical material property “fibre content” se-
condly mechanical properties for nontextile use have to
be discussed, which permit establishing of mechanical
quality of the fibre bundles and flax stalks.

Task

An appropriate quality criteria for short fibres in
technical applications has to be defined and measured.

Based on the metallic tensile test standard DIN
50145 the mechanical properties “tensile strength®,
“percentage elongation“ and “Young’s modulus of
elasticity” of flax have been measured. A universal
testing machine was used, equipped with a special
clamping device.

Tensile test

The sample with its cross section A is fixed with two
clamping jaws of which the upper one is fixed. If a force
F is exerted to the lower clamping jaw the sample will be
lengthened slightly (Fig. 2). The diagram (Fig. 3) shows
the correlation between this force and the length.

To exclude the slip within the jaws the test was
started with a preload F,;, of 5 N (stalk test) and 0.1 N
(fibre bundle test).

The force F divided by the cross section area A is
the stress (Fig. 4):

m2

o

stress ¢ = L (MPa) = [A—J
. A m

L-Ly
percentage elongation & = —— . 100 (%)
0
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where: L - length
Lo - original length

tensile strength:

max

A N
c, = Y (MPa) = (m—mJ

0
percentage elongation:
r— Ln

g =~ 100 (%)

0

Young’s modulus of elasticity:

To assure a nearly straight curve the quasi modulus

was calculated from the range of 40 to 60% of o,

)
E = 22
€

Removal of the sample:

Stalk

mm

(MPa) = [lz]

Fibre bundle

manual pulling of a sample
meter taken from the trial plot

10 stalks are taken out at
random, samples with visible
defects are rejected

Preparation of the samples:

Stalk

decortication of stalks in
order to get the fibre bundles

fibre bundles are taken out at
random, samples with visible

_ defects are rejected

Fibre bundle

measuring the technical stalk
length

cutting of the samples in the
middle of the technical stalk
to a length of 150 mm each

conditions: 36 h at 40 °C
(afterwards the dry-mass-
-content is about 95%)

until the tensile test
intermediary storage in an
exsicator

prior to the tensile test
determining of the stalk
cross-section area A, (see
next)

force

cutting of the samples to
a length of 75 mm each

conditions: ambient test
conditions

prior to the tensile test
determining the fibre bundle
cross-section area A, (see
next)

80% F,

3. Force-length-diagram
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Determining the cross-section area A, by means of a laser micro-meter:

Stalk Fibre bundle
Manufacturer Takikawa
Type: LDM 302 H; error < 0.025

measuring the diameter

location of measuring: middle of the sample

6 readings, turned 30 *
around the longitudinal axis
min. / max. value = sub- /
main axis of an ellipse

cross-section area A, from
the circle area

2 readings, turned 90 °
around the longitudinal axis

diameter from the average

cross-section area A, from
the circle area

Parameters of the tensile test:

Stalk test Fibre bundle test

Manufacturer Zwick

Type: Typ 1445

measuring of the with an with jaw

elongation elongation sensor

original gauge 23 mm same as

length L, gauge length

measuring error <0.1% <1%

gauge length L, 25 mm 25 mm

sample length L, 150 mm 75 mm

test speed 3 mm/min 2 mm/min

perforce F. 5N 0.IN

measure range “force”  0.2-10 kN 1-50 N

measuring error < 02% < 0.2%

calculation of 40-60% of F,,  40-60% of F,

Young’s modulus

cut off point 80% of F,. 80% of F ..
clamping jaw:

means of force p ic p

exertion

clamp jaw pressure 6 bar 6 bar

clamp length x -width 50 x 60 mm -

clamp diameter - 17,5 mm

clamp material polyurethane polyurethane

Data input and interpretation

The control of the entire experimental process takes pla-
ce by means of PC and software package “Zwick 7005a“.

B percentage elongation €

4. Stress-elongation-diagram
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Results of the tensile test Material Stalk Fibre bundle Elementary

properties cell™
tensile strength: dy (mm) 0.5-3.5 0.05-0.18 0.01-0.075
L, (cm) 25-110° < 80 14"
Fonax N G, (MPa) 50-170 250-1 000 600-2 000
o, = (MPa) = |—
0 mm e, (%) 0.6-1.8 1.3-3.2 2-3
percentage elongation: Egpygo (GPa)  7-17 11-26 29-85
Tl “technical stalk length, "avcragc cell length, *"taken from literature
g, = ’Lo . 100 (%) IfLB/Piitz, 6/92

— For this reason a suitable mechanical method for
determining the fibre content both for dried and fresh
Eji0 = g (MPa) = [L) flax stalks has not yet been developed.

5 — The property of the fibre bundle can be adaquately
determined by means of the tensile test with stalks.

— Fibre content, tensile strength, percentage elonga-
CONCLUSIONS tion and Young’s modulus of elasticity are selection

criteria for varietal breeding.

— Material properties are quality parameters.

— The determining of the gravimetrical property fi-

bre content is undertaken at present with highly diverse Dipl. - Ing. Andreas Beckmann,
methods and in part unsatisfactory correlations between Prof. Dr. — Ing. Karl-Hans Kromer
these processes. Institute of Agricultural Technology, University of Bonn

Contact Address:

Dipl. — Ing. Andreas Beckmann, Institut fiir Landtechnik der Universitidt Bonn, Nussallee 5, 531 15 Bonn, Germany,
Fax: 0049228/73 23 70
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ACTUALITIES

DATABASE FOR PHYSICAL PROPERTIES OF FLAX (DBPP FLAX)

Physical properties of agricultural products vary
much more than do those properties of engineering ma-
terials. An engineer or scientist often needs to know
specific properties when designing a machine or sys-
tem. He must also be aware of the variability due to
variety as well as the possible deviations in the prop-
erty values. Therefore it is not only necessary to pro-
vide a table of specific properties, but other facts that
affect the properties such as climate conditions under
which the product was produced, soil type, harvesting
date, stage of maturity, loading rates and test proce-
dures in general. For this reason a hard copy of data
sheets are made available and published in the Journal
of International Agrophysics.

However it is difficult to use these data sheets inter-
nationally and to update these copies as new data be-
come available. In an effort to provide the needed
physical properties of food and agricultural products to
design engineers, a relational database system has been
designed in a cooperative research effort with the De-
partment of Agricultural Engineering of the Virginia
Polytechnic Institute at Blacksburg, Virginia and the
Institut fiir Landtechnik of the University Bonn in
Bonn. For physical implementation and data manipu-
lation, dBase IV — a database management system —
was used.

| PROP

1. Structure of the DBPP FLAX
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The database offers the opportunity to retrieve data
for the following purposes:

— to provide the design engineer on-line physical
properties to meet his needs,

— to observe how other factors affect the listed va-
lues and make value judgements as to the validity of
the specific property,

— to identify clearly those areas where physical pro-
perties data are missing and influence research funding
decisions to provide the needed data,

— to identify the source of the data so that the origi-
nal source can readily be studied for any reason.

This paper describes the database for physical pro-
perties of flax.

STRUCTURE OF THE DBPP FLAX

The database consists of 16 relations (files). The
names of the relations and the names of the respective
attributes (columns) are as follows: FLAX, PROPER-
TY, SAMPLE, SAMPLESP, TSTTYP, TSTCOND,
CLASS, REMARK, REFERENC, LOCATION, SEED,
GROW, FERTIL, PLPROT, HARVEST, STORAGE
(Fig. 1)

The relation FLAX is the heart of the database. The
other relations contain additional information to the
data in the relation FLAX. In the following the mean-
ing of the relation and the attribute names are ex-

plained:

FLAX: Flax; contains the properties data
NO: Number of the record
MEAN Mean value of a property
SD: Standard deviation
MIN: Minimum value of the given range
MAX: Maximum value of the given range
N_O_M: Number of measurements
PR_NO: Key to relation PROPERTY
CL_NO: Key to relation CLASS
SA_NO: Key to relation SAMPLE
SP_NO: Key to relation SAMPLESP

TT_NO: Key to relation TSTTYP
Key to relation TSTCOND

LO_NO: Key to relation LOCATION
SE_NO: Key to relation SEED
GR_NO: Key to relation GROW
FE_NO: Key to relation FERTIL
PP_NO: Key to relation PLPROT
HA_NO Key to relation HARVEST
ST_NO: Key to relation STORAGE
RE_NO: Key to relation REFERENC
RM_NO: Key to relation REMARK

PROPERTY: Property; containts a list of properties of interest
and the information about the tested objects

PR_NO: Key to relation PROPERTY
PROPERTY: Property name
UNIT: Unit in which the property is given
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STALK: Stalk been measured? (Yes or No)
FIBRE_BU: Fibre bundle been measured? (Yes or No)
FIBRE_SI: Single fibres been measured? (Yes or No)
SEED: Seeds been measured? (Yes or No)

SAMPLE: Sample; contains information about the tested sample

SP_NO: Key to relation SAMPLE

VARIETY: Variety of the sample

PART: Tested part of the plant

PASECTION:  Part section; further details about the part

SAMPLESP: Sample specification; contains the description of the
sample with regard to is shape and size (geometrical properties)

SP_NO: Key to relation SAMPLESP
SHAPE: Shape of the sample

SIZEl: A size of the sample (e. g. length)
S1_VALUE: Value of SIZEI

SI_UNIT: Unit of SIZEI

SIZE2: A second size of the sample
S2_VALUE: Value of SIZE2

S2_UNIT: Unit of SIZE2

SIZE3: A third size of the sample
S3_VALUE: Value of SIZE3

S3_UNIT: Unit of SIZE3

TSTTYP: Test typ; contains the description of the test method

TT_NO: Key to relation TSTTYP
TESTTYP: Name of the used test method
INPUTI: Name of a first test parameter (e. g. test speed)
11_VALUE: Value of INPUTI

I1_UNIT: Unit of INPUT1

INPUT2: Name of a second test parameter
12_VALUE: Value of INPUT2

12_UNIT: Unit of INPUT2

INPUT3: Name of a third test parameter
I3_VALUE: Value of INPUT3

I3_UNIT: Unit of INPUT3

TSTCOND: Test conditions; contains information about some vari-
ables which may influence the property being measured

TC_NO: Key of the relation TSTCOND
CONDITIONI: Name of a first variable (e. g. temperature)
CI_VALUE: Value of CONDITIONI
CI1_UNIT: Unit of CONDITION|
CONDITION2: Name of a second variable
C2_VALUE: Value of CONDITION2
C2_UNIT: Unit of CONDITION2
CONDITION3: Name of a third variable
C3_VALUE: Value of CONDITION3
C3_UNIT: Unit of CONDITION3
CONDITION4: Name of a fourth variable
C4_VALUE: Value of CONDITION4
C4_UNIT: Unit of CONDITION4

CLASS: Classification; contains the different classes of physical

properties
CL_NO:
CLASS:

Key to relation CLASS
Classification of the property

REMARK: Remark; contains additional remarks to data

RM_NO: Key to relation REMARK
REMARK: Remark text

REFERENC: Reference; contains literature list or address to iden-
tify the origin of the data

RE_NO: Key to relation REFERENC
AUTHORI: First author of the, publication or test sheet
ET_AL: Co-author(s) of the publication or test sheet
TITLE: Title of the publication or test sheet
PUBLISHER: Information on book, magazine or similar,
in which the publication is printed or address
of the research institute
YEAR: Year of publication or date of test sheet

LOCATION: Location; contains information about the cultivation
sites

LO_NO: Key to relation LOCATION
LAND: Land where the crop is grown
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STATE: State or country where the crop is grown
CITY: City or village where the crop is grown
ALTITUDE: Altitude of cultivations sites
AVER_TEMP: Average temperature at the cultivation sites
AVER_RAIN:  Average rainfall at the cultivation sites
SOIL_TYPE: Name of the soil

SOIL_POINT:  Number od points of the soil

SEED: Sced; contains information about the seed of the plant

SE_NO: Key to relation SEED

PRIM_TILL: Primary tillage before the seeding
SEC_TILL: Secondary tillage before the seeding
SE_DATE: Seed date

SE_TECHN: Seed technique, type of machine
SE_DEPTH: Seed depth

SE_SPACE: Seed space, distance of seeds in the row
ROW_SPACE: Row space, distance between rows
SEEDS_M2: Seeding rate in seeds per square meter
TKG: Thousand-seed weight

KG_HA: Seeding rate in kilogram per hectare
SE_OTHER: Other information about the seed
IRRIGATI: Date of the first irrigation

IR1_MM: Quantity of first irrigation in mm
IRRIGAT2: Date of the second irrigation
IR2_MM: Quantity of second irrigation in mm

GROW: Growth; contains information about the growth of the
crop

GR_NO: Key to relation GROW

PLANTS_M2: Number of plants per square meter

GR_HEIGHT:  Average height of the plants at the end
of growing

STALK_LEN:  Average length of the stalk at the end
of growing

FERTIL: Fertilization; contains information about the fertilizer ap-
plication to the crop

FE_NO: Key to relation FERTIL

CROP_BEFOR: Name of the crop which grew on the field
before

NMIM_ANAL: Date of the NMin-analysis

KGHA_0_30:  Determined NMin in the soil layer from 0 to
30 cm depth, in kg per ha

KGHA_30_60: Determined NMin in the soil layer from 30 to
60 cm depth, in kg per ha

KGHA_60_90: Determined NMin in the soil layer from 60 to
90 cm depth, in kg per ha

STD_ANALY: Date of the standard analysis for basic nutrients
in the soil layer from 0 to 30 cm depth

PH: Value of the determined pH

K,0: Value of the determined K5O in mg
per 100 g soil

P,05: Value of the determined P»O5 in mg

per 100 g soil
MG: Value of the determined Mg in mg
per 100 g soil

NTO_KG_HA: Total nitrogen fertilizing in kg N per ha

DATE_l: First date of nitrogen fertilizing

NI_KG_HA: Ni fertilizer application at the first date
in kg N per ha

DATE_2: Second date of nitrogen fertilizing

N2_KG_HA: Nitrogen fertilizer application et the second
date in kg N per ha

P205_KG_HA: Phosphatic fertilizer application in kg P205
per ha

KoO_KG_HA: Potash fertilizer application in kg K70 per ha

MGO_KG_HA: Magnesium fertilizer application in kg MgO
per ha

CAO_KG_HA: Lime application in kg CaO per ha

FE_OTHER: Other fertilizer

KG_HA: Other fertilizer application in kg per ha

PLPROT: Plant protection; contains information about the applica-
tion of plant protection products

PP_NO: Key to relation PLPROT

DATE_I_: First date of application

PROTECT_I:  Name of the plant protection product
KG_L_HAl: Application in kilogram or liter per ha
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I->QUERIES
—>Propert ies
—>Stalk

—>Bundles of fibres—
L—»Single fibres:

L—»FINISH SELECTION
v

—>Se -
L—»Select properties
—>Cultivation/Processing L_>A1)
- —>Larger thai
—>Locat ion—— | —»Smaller tha
—>See —>F ixed valu
—>Growt —)Rang
—>Fertilizat ion=———
—>Harves t ——————— Select value(s) ¥
—»Storage, Processing— o ! 4

—>Property, sample———{
and mean values—————

L>Print Query
>4

—»Print complete query

—>Description of sampl

—>Test mgthod——e_‘
—>Test conditions
—>Classificat ion———

—>0nly properties data

—>Reference————

—>Only cultivation/processing data:

L—»Print options—»Select print options v
v
1

—>DATA INPUT/EDIT

—»Data input

v
Yes—L—>INPUT DATA
*No
*More input

»FINISH INPUT
v

—»Printer selection———————>Select printer

—>Further remarks:
—>FINISH SELECTION

v
L L »DATA ON SCREEN-*{
»DATA ON PRINTER-*

—»>Data editing

A1l files

Single files———g——1—>FINISH EDITING—
L) »|

File DATA—

—>Property

lassificat {on——

+—»Samp le

Description of sample—

——r>Test method

Test conditions:

L S,
——>Further remarks

>Locat ion
—>Seed

>Growth-
—>Fertilization

»Plant protect ion————i
—>Harvest:

e
storage

EDIT SINGLE FILE«—

EDIT ALL FILES—
L—»EDIT FILE DATA 1 1 >
—>DATA BACKUP
»Backup on floppy disk A
»Backup on floppy disk E‘.—I »Start. > BACKUP. T o
A
»Stop— "]

—»END

End of the program— L:u::

£ND OF THE PROGRAM

2. Using the DBPP FLAX

DATE_2_:
PROTECT_2:
KG_L_HA2:

ZEMEDELSKA

Second date of application DATE_3_:
Name of the plant protection product PROTECT_3:
Application in kg or | per ha KG_L_HA3:

TECHNIKA, 41, 1995 (3): 125-128

Third date of application
Name of the plant protection product
Application in kg or I per ha
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HARVEST: Harvest; contains information about the harvest of
the crop

HA_NO: Key to relation HARVEST
HARVEST: Date of the harvest

HA_TECHN:  Harvest technique, kind of machine
RETTING: Retting on ground? (Yes or No)
RE_PERIOD:  Period of retting in days
RECOVERY:  Date of the straw recovery
REC_TECHN: Recovery technique, kind of machine
HA_OTHER: Additional information to harvest

STORAGE: Storage and processing; contains information about
the storage and the processing of the crop

ST_NO: Key to relation STORAGE

MOIST: Moisture content w. b. of the straw
STORAGE: Kind of storage

ST_PERIOD:  Period of storage

ST_TEMP: Temperature during storage
ST_HUMID: Atmospheric humidity during storage
PROCESSING: Kind of processing

P_PARAMI: First processing parameter
P-PARAM2: Second processing parameter
P_PARAM3: Third processing parameter

Using the DBPP FLAX

The DBPP FLAX has a user surface built with
choosing menus, question catalogues and appeals for
input which makes the handling of the DBPP FLAX
easier. In the main menu one has the chance to question
for data (QUERIES), to renew or to put in new data
(DATA INPUT/EDIT), to backup data (BACKUP
DATA) and to end (END) the program. Each of these
choices has a pull-down menu to open new windows
(Fig. 2).

The pull-down menu of QUERIES, for example,
shows new sub menus which again have a pull-down
menu themselves. If one is interested in PROPERTIES
one first has to differentiate between the flax stalk,
fibre bundles, single fibres or seeds. After choosing one
of these parts of the flax a new popup menu is shown
which includes a table with the available physical prop-
erties. After this selection is finished the user has the
chance to delimit the values he is interested in (all,
larger than, range, ...).

With the last pull-down menu the interested rela-
tions (files, see structure of the DBPP FLAX) can be
determined. The minimum which is always indicated
contains the relations FLAX, PROPERTY and SAM-
PLE. Now the data is shown on the screen.

To see the data of the other relations it is nearly the
same procedure as explained above.

SUMMARY

The data base offers a documentation of physical
properties of flax fibre, particularly related to non-tex-
tile use. It also may be the basis of DSS for growing
fibre of a predetermined quality. In the future the data
base will be managed by the ZADI, making the data
available via INTERNET.
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POKYNY PRO AUTORY

Casopis uverejiiuje puvodni védecké price, kritkd sdélenf
a vybérové i prehledné referdty, tzn. price, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uvefejiiovdny v cesting, slovenstiné nebo
angli¢tin€. Rukopisy musi byt doplnény kritkym a rozsifenym
souhrnem (vcetné kli¢ovych slov).

Autor je plné odpovédny za plivodnost price a za jeji véc-
nou i formdlni spravnost. K prici musi byt priloZzeno prohla-
Seni autora o tom, Ze price nebyla publikovéna jinde.

O uverejnéni price rozhoduje redakéni rada Casopisu, a to
se zietelem k lektorskym posudkiim, védeckému vyznamu
a piinosu a kvalité préce.

Rozsah védeckych praci nemd piesdhnout 15 stran psanych
na stroji v&etné tabulek, obrizkl a grafi. V préci je nutné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni dprava rukopisu md odpovidat stitni normé CSN
88 0220 (formdt A4, 30 fddek na strdnku, 60 tihoz{i na fadku,
mezi fadky dvojité mezery), k rukopisu je vhodné pfiloZit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602. Tabulky, grafy a fotografie se dodévaji zvI4st,
nepodlepuji se. Na viechny piilohy musi byt odkazy v textu.

Pokud autor pouZivéd v prdci zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsdny), aby se
piedeslo omylim. V ndzvu prdce a v souhrnu je vhodné zkra-
tek nepouZivat.

Nizev price (titul) nemd presdahnout 85 tihozi. Jsou vylou-
¢eny podtitulky &lank.

Kratky souhrn (Abstrakt) je informacnim vyb&rem obsa-
hu a zdvéru ¢ldnku, nikoliv vSak jeho pouhym popisem. Musi
vyjddfit vSechno podstatné, co je obsazeno ve védecké prici,
a md obsahovat zdkladni Ciselné udaje vCetné statistickych
hodnot. Musi obsahovat klicova slova. Nemd pfekrocit rozsah
170 slov. Je tfeba, aby byl napsdn celymi vétami, nikoliv hes-
lovité. Je uvefejiiovdn a mél by byt doddn ve stejném jazyce
jako védeckd price.

Rozsifeny souhrn (Abstract) je uvefejiovin v anglicting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovény vysledky price a uvedeny odkazy na tabulky a ob-
razky, popf. na nejdileZitéjsi literdrni citace. Je vhodné jej
(vCetné ndzvu price a klicovych slov) dodat v angli¢tiné, popf.
v Cestiné Ci slovensting jako podklad pro preklad do anglictiny.

Uvod mi obsahovat hlavni diivody, pro¢ byla préce realizova-
na a velmi struénou formou ma byt popsin stav studované otizky.

Literarni prehled md byt kritky, je tfeba uvddét pouze
citace majici tzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li plivodni, jinak posta-
Cuje citovat autora metody a uvddét jen piipadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot ddvé piednost grafiim pfed tabulkami. V tabulkich je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢dst by neméla obsahovat teoretické zdvéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni price, diskutuje se 0o moz-
nych nedostatcich a price se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory, jejichZ prace
maji k publikované prici blizsi vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stdtni normé CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autord. Odkazy na
literaturu v textu uviddgji jméno autora a rok vydani. Do se-
znamu se zafadi jen prace citované v textu. Na prdce v sezna-
mu literatury musi byt odkaz v textu.

Na zvId§tnim listé uvadi autor plné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, &fslo telefonu a faxu, popr. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto, 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602.
Tables, figures and photos shall be enclosed separately. The
text must contain references to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes, and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary to
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telefon and fax num-
ber or e-mail.
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