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Abstract. The Research aim is to find the most time and energy
economic treatment of natural fibres to obtain micro and
nanofibres. Alkaline treatment, steam explosion autohydrolysis
and ultrasonic treatment effect on hemp fibres and shives
dimensions were examined. Fibres length, diameter, form factor
and sifting amount were analyzed. The results of the analysis
show that an increase in treatment intensity gives a higher
amount of fibres being noticeably shorter and thinner than the
untreated dew-retted fibres. Fine content of fibres and shives
increases, when treatment intensity increases.
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1. INTRODUCTION

Nowadays there is a trend to replace synthetic micro and
nanofibres with natural fibres, not only for economic reasons
but also for environmental reasons - natural fibres are
degradable, recyclable resource at low cost.

Natural technical fibres are complex formed from fibres
bundles. Each elementary fibre of bundle is a complex
layered structure composed of cells surrounded by cell walls
which are thick, rigid membranes. This layer of cellulose fibre
gives the cell most of its support and structure. The
structurally strong framework in the cell walls are formed by
cellulose macrofibrills located in thin primary cell wall, which
clasps broad secondary cell wall whose main components are
cellulose macrofibrills embedded in hemicellulose and lignin
amorphous matrix [4]. The cell wall also bonds with other cell
walls to form the structure of the plant. The cellulose
molecules are organised in a hierarchical structure of
macrofibrils with a diameter range 0.1-1 microns, which
consist of micfrofibril bundles in a diameter of 10-70 nm. One
bundle is usually composed of ~ 70 microfibrils. The primary
cell wall contains randomly oriented microfibrils, both outer
layers of secondary wall are built from cross-laminated
sheaths of microfibrils. Microfibrils of secondary wall inner
layer are disposed in a right hand spiral and the thickness of
this layer is much greater than that of the primary and outer
layers of secondary wall. The orientations of microfibrils in
the secondary wall inner layer determine mechanical
properties of the fibre. The hemp fibres microfibril angle 6,2°
of this layer is the second lowest after corresponding value
flax fibres (5°) [6]. Microfibril consists of 30-100 cellulose
molecules arranged in chains that ensure the mechanical

strength of fibres [2]. Cellulose microfibrils are linked
together with lignin and hemicelluloses matrix [3].

Studies have shown that cellulose micro and nanofibres
have higher mechanical properties (stiffness 120 GPa; strength
15000 MPa) than bast fibres (strength 50 MPa, stiffness
800 GPa) and their strength is six times higher than that of
carbon fibres [1]. Defibrillated fibres contain a higher
percentage of cellulose. Because of these properties cellulose
micro and nanofibres are investigated as a potential material
for applications in medicine, building constructions and
mechanical engineering.

For micro and nanofibre obtaining from elementary plant
fibres several treatments must be carried out, this need to be
done because fibres cell wall is not a homogeneous membrane
[4]. To separate cellulose microfibrills from macrofibrills,
matrix degradation should be carried out with chemical,
mechanical or chemico-mechanical treatment; however,
studies have shown that for natural fibre it is not enough with
only one type of treatment. This is why for fibre obtaining pre-
treatment and various methods of treatments are used. Post-
processing of the fibres is used to normalize the pH level and
rinse out harmful substances.

The aim of this research is to find the most efficient and
ecological way to obtain natural micro and nanofibres.

II. MATERIALS AND METHODS

Six samples of hemp fibres and two samples of hemp shives
with different treatment methods were examined, i.e., pre-
treatment, steam explosion autohydrolisis and ultrasonic
treatment.

A. Hemp Fibre

In a moderate climate usually are grown hemp fibres or
mixed fibres-seed varieties, less varieties for oil production.
Technical hemp in Latvian weather in 114-117 days is able to
grow from 1,77 m (local breed) to 2,7 m (industrial variety
Bialobrzeskie). Stem yield depending on the variety is about
7,9 to 18,2 t/ha, with the bast content in a range 25 to 30% [5].
Fibres and shives amount depends on the plant density in the
field. Hemp plants grown in a low density, they have thick and
rich branched stems; it means that such stems carry an
increased amount of shives and low fibres outcome.
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Hemp fibres applications depend on their physical
properties and chemical composition, which depends on the
plant variety and growing conditions. Bast fibre diameter is
about 17-23 pm, length is 8,3 to 14 mm. The breaking strength
~ 28-36 cN / tex [7], elongation ~ 2 - 4%, Young’s modulus
30-60 GPa [6].

The average volume of cellulose content in hemp fibres is
65-70 %, but in shives it is by more than twenty percent less,
about 46,3%. Hemicelluloses and lignin content of hemp
shives is higher than that of fibres [7].

As a study subject for this research dew-retted (dew soaked)
Latvian clone "Purini" hemp fibres and shives are used.
Hemps were grown on the experimental fields of the Latgale
Agricultural Science Center at 2011 th growing season. Fibre
linear density 2,3 tex, the moisture content in a range 9%-12%
[8]- This hemp clone is grown as oil product, and hemp fibres
and shives as secondary products are not usually utilized in the
best way.

B. Pretreatment

Dew-retted hemp fibres and shives were used as the
experiment object . After dew-retting one part of samples were
treated with 4 wt % sodium hydroxide solution. The process is
carried out for one hour at temperature 80 C° to defibrillate
fibres and partially remove of hemicelluloses, lignin and
pectin [9]. As post-processing method water and alkaline
extraction was used by washing samples with boiling distilled
water for three hours, followed by the treatment with 0,4 wt %
NaOH solution [10] (Table I).

C. Steam Explosion Autohydrolisis

The steam explosion auto hydrolysis treatment provides a
partial destruction of fibres lignin [11]. After the steam
explosion fibre has rough surface and higher crystallization
index [12].

Steam explosion autohydrolisis parameters can be changed
in the temperature range from 160°to 250°C, pressure - from
20 to 40bar, the exposition time - from a few seconds up to 10
min. Processing intensity is characterized with logR0, which is
also identified as a reaction coordinate and expressed by the
formula (1) [13]:

Ry = t+exp [=22] (1)

14.75

Where: t-treatment time in minutes, T- temperature °C that
describes treatment intensity relative to a base temperature
Tbase or reference — IOOOC [1 3] .

Four samples of hemp fibres and two samples of shives
were subjected to the steam explosion treatment at 32 bars
pressure for 1 and 3 minutes. The fibres samples were
processed at temperature range from 200°C to 235°C, shives
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were treated at 235°C temperature. After steam explosion
fibres were treated with water and alkaline extraction. The
steam explosion treated fibres dimensions were compared with
the dimensions of pre-treated (4% NaOH) and after-treated
during 45min with ultrasound fibres (see Table I).

D. Ultrasonic treatment

In the ultrasonic process fibres are subjected to a number of
processing  stages - homogenization, dispersion,
disagglomeration and cell structure degradation [14]. As a
result defibrillated fibres can be obtained.

Hielshcer ultrasonic homogeniser UP200Ht with the
sonotrode S26d14 was used with operating frequency 26 Khz,
peak power 200 W and amplitude range from 10% to 100%.
Time, power and cycle changes are variables based on the
required treatment length and severity [15].

1 wt % fibres water solution was treated with 90%
amplitude, 100W power for 45 minutes, ultrasound process
was not interrupted during operation, the depth of sonotrode
immerse - 7mm.

E. Fibre tester

Lorentzen & Wertte fibre laboratory type analyzer for fibre
length, diameter, slack, shape factor and roughness
measurements was used. The analysis is fully automatic,
suitable for frequent measurements of fibres [16].

Fibre analyzer measures the perimeter of the fibre and the
area what fibre occupies. Length and diameter are calculated
by area (2) and perimeter (3) formulas. The area and perimeter
of each fibre is measured.

A=LxW @)
P=2xL+2xW 3)

Where: A is area occupied by fibre, L-fibre length, W-fibre
diameter, P-fibre perimeter.

Shape factor is determined by a formula multiplying the
length of the fibre by the area circle diameter. The form factor
ratio is closer to 100%, when fibres wrinkling are low.

F. Experimental parameters

Fibres were cleaned from impurities and shives and cut into
2 mm long pieces. Shives were cleaned from fibres and
grounded in to 2mm long pieces.

The plan of experiments is shown in Table 1. All variants of
experimental fibres after treatments proposed by experiment
plan are prepared for further measurements. 0,130 g of each
sample were soaked in distilled water and then tested with
fibre tester. From 815 (PuTil 1) to 99 264 (PuTil 6) fibres
were measured.
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TABLE I
EXPERIMENTAL METHODS AND PARAMETERS

Sample Material Dew-retted 4%NaOH, Steam Explosion Ultrasonic treatmerhlt
80°C, 1h Parameters logR, A=90%, 100 W, min

PuTil 1 Fibre + - - - -

PuTil 2 Fibre + + - - -

PuTil 3 Fibre + - 1 min, 32 bar, 220 °C 3,53 -

PuTil 4 Fibre + + 1 min, 16 bar, 200 °C 2,94 -

PuTil 5 Fibre + - 3 min, 32 bar, 235 °C 4,45 45

PuTil 6 Fibre + - - - 45

THC 1 Shives - - 1 min, 32bar, 235 °C 3,67 -

THC 2 Shives - - 3 min, 32bar, 235 °C 4,45 -

III. RESULTS AND DISCUSSION

A. Steam explosion auto-hydrolysis

To the steam explosion auto-hydrolysis (STEX) treatment
three fibres samples and two samples of hemp shives were
subjected with the treatment intensity varied from the medium
to the medium severe.

TABLE II
MASS, MOISTURE CHANGES AFTER STEAM EXPLOSION AUTO-HYDROLYSIS
Log Mass Moisture | Mass Moisture
Sample RO before before after after
STEX,g | STEX,% | STEX,g | STEX,%
PuTil 3 3,53 100 6,4 92,5 4.8
PuTil 4 2,94 100 6,7 93,3 6,1
PuTil 5 4,45 100 6,4 86,2 4,5
THC 1 3,67 100 11,9 79,8 4,4
THC 2 4,45 100 11,9 79,9 4,1

Mass and humidity of the fibres were determined before
and after STEX. Steam explosion treatment decreased the dry
matter weight. During treatment lignin destruction and loss of
volatiles are observed. Increasing intensity of fibres treatment
increases mass loss. Hemp shives have the highest mass loss.
Fibres with the highest LogR, value have the highest moisture
level reduction.

B. Ultrasonic treatment results

Fibres samples PuTil 5 and PuTil 6 were treated with
ultrasound with the same treatment intensity and time.

TABLE III
MASS, MOISTURE CHANGES AFTER ULTRASONIC TREATMENT (US)
Mass Moisture Mass after | Moisture
Sample before before S after US.%
US,g US,% US. g 70
PuTil 5 1 7,56 0,98 9,78
PuTil 6 1 5,67 0,85 8,48

Mass and humidity of the fibres were determined before
and after ultrasonic treatment. The dry matter weight has
decreased — lignin destruction and loss of volatiles are
observed. The moisture content of the fibres has increased by
more than 2%. The maximum temperature reached in
ultrasonic treatment process is ~50°C; this temperature does
not affect defibrillation process.

C. Fibres and shives parameter distributions

Fibre lengths were distributed in length classes; fibre and
shive modal length (Mo.l.), modal group (M.gr.), short fibre
content (Sh.f.), short fibre content that is Imm or shorter
(Sh.c.), mean length (M.1.), mean diameter (M.d.), diameter
interval (D.i.), mean shape coeficient (M.sh.c.), shape
coefficient interval (Sh.c.i.), fines content (F) and coarseness
(C) were determined (Table IV).

TABLE IV
FIBRE TESTER DATA ANALYSIS

Sample | Mo.l, mm | M.gr., % f/?'f'< 1mm, Sh.c>1mm, % | M.l, mm | M.d., um | D.i, um | Msh.c.,% | Sh.ci, % | F., %

1 2 3 4 5 6 7 8 9 10
PuTil 1 1,08 65,7 10,8 76,5 1,17 61,2 4,70 90,4 22,0 7,7
PuTil2 | 1,03 56,7 15,5 72,2 1,22 41,7 25,3 83,6 32,9 2,7
PuTil 3 1,04 58,0 16,3 74,4 1,14 452 14,3 89,0 19,9 7,9
PuTil4 | 1,00 49,5 43,7 93,2 1,54 40,6 50,5 84,3 343 8,8
PuTil5 | 1,02 53,9 25,8 79,7 1,03 32,4 14,8 84,9 28,5 51,4
PuTil6 | 0,5 49,3 49,3 94,8 0,66 35,1 31,0 75,5 30,7 78,8
THC 1 0,98 46,2 37,8 84,0 0,86 47,6 39,0 79,1 19,7 57,7
THC 2 0,57 63,3 63,3 93,7 0,60 48,2 24,8 83,8 10,2 63,1
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Fibres and shives length decreases when treatment intensity
increases. The lowest modal fibre length of 0,5mm has dew-
retted fibres PuTil6 that have been treated with ultrasound for
45 minutes; 94,8 % of these fibres are shorter than Imm
(Table IV, column 1, 2 and 4). In the modal group of shives
THC 2 treated with the steam explosion auto-hydrolysis for 3
minutes (severity 4,45) included fibres with length 0,57 mm
(63,3% from total), but coarseness 450 pg/m is still high
(Table IV, columns 1,2).

The impact of fibres group with the length Imm or shorter
increases by increasing treatment intensity: dew-retted short
fibre content is 76,5%, but short fibre content for ultrasonic
treated fibres is 94,8% (Table IV, column 4, Fig.2). The rising
steam explosion auto-hydrolysis severity from 3,67 (PuTil 5)
to 4,45 (PuTil 6) results in 15 % increase of fibres group with
the length Imm or shorter and decrease by 36 % average
fibres length (Table IV, columns 4 and 5). It means that
increased treatment improves fibre defibrillation process.

Fibre diameter is the main property that shows defibrillation
level. The mean diameter analysis of experimental fibres
shows that medium intensive treatment defibrillates fibres
better than mediate treatment (Fig. 1). After ultrasonic
treatment and medium intensive steam explosion auto-
hydrolysis fibre diameter decreases by 28,8um (PuTil 5).
Diameter distribution varies regardless of the method used.
Dew-retted untreated fibres and fibres that have been treated
with medium intensive steam explosion have smooth diameter
distribution (Fig.1.)

FuTil1
PuTil2
FuTil 3
PuTil4
TuTil 5
PuTils
THC 1
THC?2

Bl ean dismater um DDiametar nterral pm

Fig. 1. Fibre mean diameter and interval

Fibres and shives form factor varies irregularly; it does not
depend on the treatment or its intensity. Dew-retted untreated
fibres have the highest mean values of shape factor as these
fibres are the least twisted. The maximal value that mean
value of shape factor reaches is 75,5 % (PuTil 6); this shape
factor does not affect the quality of the end product.

As the fibre tester does not measure fibres that are shorter
than 0,2mm, highest fine content is the aim of treatment. Fine
content rises dramatically if fibres are subjected to the medium
intensive treatment. Compare to the dew-retted untreated
fibres treated with steam explosion auto-hydrolysis and
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ultrasonic (PuTil 5) fibres have 43,7% fine content rise.
PuTil6 fibres have the highest fine and short fibres content as
it fines are exceeding 10 times dew-retted untreated fines
content (Fig.2.).
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Fig. 2. Short fibre and fines content

The comparison of hemp shives treated with the steam
explosion auto-hydrolysis for Iminute (logR, 3,67) and for
3 minutes (logR, 4,45) in 32 bar pressure parameters shows
that more intensive processing leads to the higher
defibrillation level: 3 minutes processed shives fibres mean
length is by 0,2mm less than that of one minute treated
shives; mean diameters are not changed, but 3 minutes treated
shives fines content is 63,1% and it is larger than one minute
treated shives fine content (57,7%).

Fibres and shives surface coursness decreases with the
increase of treatment severity, with the exception of alkaline
and steam explosion treated fibres (PuTil 4) with the largest
surface roughness 9161.3 pg/m (Table IV, column 11). The
relatively low surface roughness has fibres subjected to the
steam explosion auto-hydrolysis and ultrasonic treatments:
PuTil 5 (154,0 pg/m) and the lowest coursness show
ultrasound treated fibres PuTil 6 (0,1 pg/m) (Table 1V,
column 11).

IV. CONCLUSIONS

The defibrillation level of dew-retted fibres is not sufficient
for further processing as fibres diameters are in range from
59,2 to 63,9 um, average length 1,165 mm and the fines
content is only 7,7%. These parameters do not meet the
requirements.

Dew-retted alkaline treated fibres do not ensure
defibrillation level high enough as obtained fibres diameter
range 59,2- 63,9 um, average length 1,22mm and fine content
2,7% are not sufficient for further electrospinning. At the same
time alkaline treated fibres show higher defibrillation level
than dew-retted untreated fibres.

Compared to the alkali treated fibres defibrillation level has
not changed, mediate steam explosion effects are not
noticeable.

The increasing steam explosion auto-hydrolysis severity to
3,53 mean length and diameter decrease are observed, but the
increased medium steam explosion treatment does not give
sufficient fibres parameters needed for electrospinning.
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The combination of severe steam explosion auto-hydrolysis
(logRy 4,45) and ultrasonic treatment applied to the dew-retted
fibres increases the degree of defibrillation as the average
fibres length is 1,027mm and diameter - 32,4um, and more
than 51% of PuTil 5 fibres are fines.

The ultrasonic treatment effect at the defibrillation express
in fibres average length 0,664mm, the mean diameter -
35,1um and fines content of 78%. These parameters offer
good perspectives for further processing.

The study shows that for nano-scale defibrillation level at
least medium intensive (logRO 4,45) steam explosion auto-
hydrolysis treatment is necessary. For better results a different
treatment method must be used — the ultrasonic treatment
gives good results.
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Laima Grave, Silvija Kukle, Anna Sutka, Ausma Vilumsone. Mehanisko un kimiski mehanisko apstrazu ietekme uz dabigo $kiedru izmériem

Latvija kanepes audzgé ka ellas augus, bet Skiedras ir to blakus produkts, kas parasti netiek izmantots pietiekosi efektivi, tdpec nepiecieSams atrast tam
tautsaimnieciski izdevigus lietojumus. Raksta atspoguloti pétijumu rezultati, kas veérsti uz efektivu priekSapstrades operaciju kombinaciju meklgjumiem, lai no
dabas skiedram iegiitu mikro- un nano- limenpa $kiedras. Eksperimenta ka izejas materiali izmantotas Latvijas kanepju klona ,,Parini” $kiedras un spali. Sesi
Skiedru un divi spaju paraugi paklauti dazadu operaciju salikumu un intensitates tehnologijam. Noteikta eksperimentali 4 wt % natrija sarma, tvaika spradziena
auto-hidrolizes un ultraskanas apstrades ietekme uz paraugu Skiedru garumu, diametru, formas faktoru un smalknu Ipatsvaru un virsmas raupjumu. Rezultatu
analize parada, ka, palielinot apstrades intensitati, paaugstinas Skiedru defibrilacijas limenis. Tilinatas neapstradatas Skiedras, ar sarmu apstradatas skiedras un
Skiedras, kas apstradatas ar vidg€ji intensivu tvaika spradziena auto-hidrolizi, nedod pietiekamu saskiedroSanas limeni, lai Skiedras butu iesp&jams paklaut
elektroverpSanai nanoskiedru iegiiSanai. Vislabakie rezultati sasniegti, kombingjot Skiedru sagatavoSanas procesa elektrovérpSanai vidgji intensivu tvaika
spradziena auto-hidrolizi ar ultraskanas apstradi. legiito Skiedru vidgjais garums ir par 0,51mm mazaks neka apstradei nepaklautu tilinatu kanepju skiedru
vidgjais garums, un vidgjais diametrs samazinajies par 52%, Skiedru Ipatsvars, kas Tsakas par 0,2mm, sasniedz 79%; tas ir pietickami augsts saskiedroSanas
I[imenis turpmako tehnologiju piemérosanai.

Jlaiima I'paBe, CuuiBus Kykie, Auna Illyrka, Aycma Buiromcone. BoselicTBue MeXxaHM4ecKOi U XMMHYECKH - MEXaHM4ecKoi 00padoTKH Ha pa3Mepbl
HATYPaJbHOI'0 BOJIOKHA

JlarBuiickasi KOHOIUIS BBIPAIMBACTCS KaK MAclisiHas KYJIbTypa, a BOJIOKHO SIBIISIFOTCS IT0OOYHBIM NPOIYKTOM, KOTOPBIH OOBIYHO HE HCIOJB3YETCS HOCTATOYHO
3¢ deKTHBHO, MOATOMY HEOOXOAMMO HANTH MX Hambolsiee BHIFOAHOE HCIONB30BAHHE B HAPOJHOM XO3SHCTBE. Llenpio TaHHOTO HCCIIEJOBAHHS SIBIACTCS MOHCK
Hanbonee 3¢ QexkTHBHOro crocoda oO6pabOTKM HATypadbHBIX BOJOKOH JUISl MHONyYeHHS MHKPO- U HAHO-BOJIOKOH, KOTOpPBIE MOTLYT OBITh IIOABEPTHYTHI
JlasipHeIIel 00paboTKe, TaKoM, KaK 3JIEKTPOINpsICHNE. B SKCiepuMeHTe HCII0JIb30BaHbI BOJIOKHA W KOCTPA JIATBUHCKOT0 KOHOIUITHOTO KiioHa "Ilypunn". Illects
00pa3oB BOJOKHA W JiBa 00paslia KOCTPhI MOABEPKEHBI TEXHOJOTHSAM OOpabOTKM Pa3IM4YHBIM HAaOOpOM Olepanuii 1 MHTEHCHBHOCTBIO. B mccnenoBaHum
OCMOTpPEHO BIUsIHIE 00paboTku 4wt % HATpUS MIEI0YH, TaPOBBIM B3PEIBOM aBTO-THIPONU3a U yIbTPa3ByKOM Ha pa3Mepsl — JUIHHY, AuaMeTp, Gaxrop Gopmsl 1
YIEeNbHBIH Bec BOJIOKOH JIMHOW MeHbIIe 0,2 MM U IIEPOXOBATOCTH HOBEPXHOCTH BOJOKOH. AHAJIN3 Pe3yJIbTATOB MOKA3bIBAET, YTO yBEIHMICHHE HHTCHCHBHOCTH
00paboTKM MOBBINIAET YpoBeHb (GUOpMILIAMU BOJNIOKOH. He oOpaboTaHHOE BOJOKHO, MOYEHOE B POCE, BOJOKHO, HE 00pabOTaHHOE ILEJIOYbIO, BOJOKHO, HE
00paboTaHHOE CPEHUM NapOBBIM B3PHIBOM aBTOMATHYECKOTO THAPOIN3a, HE 00ECIIEeUNBAIOT JOCTATOYHO BEICOKHH YPOBEHb BOJIOKHHCTOCTH UL IIPOBEICHHS
anektponpsiaeHus. CodeTaHne MapoBOrO B3pbIBa aBTOTHAPOJIH3A CPeIHEHl HWHTCHCUBHOCTH M YJIBTPa3BYKOBOH OOpaOOTKH HaeT HAMWIy4IIHe Pe3yJIbTaThL.
Bonoxno, obpaboranHoe TakuM o6pazoM, Ha 0,51 MM Kopode U AumamerpoM Ha 52% MeHble, yeM HeoOpaOOTaHHOE BOJOKHO KOHOIUIM, MOYEHOH B pace.
VY nensHbIA Bec BOJIOKHA, KoTopoe kopode Ha 0,2 MM, pocturaer 79%, H 3TO JOKa3aTeIbCTBO TOMY YTO, JOCTHTHYT JOCTaTOYHBIH YPOBEHb (pUOPHLIANNUHM, U
BOJIOKHA MOTYT OBITh II0J{BEPIHYTHI JIBHEHIIINM 00paboTKaM.
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