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Content of Hemp Fibres and Properties of
Nonwovens
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Abstract — Results of fibre content of variety Bialobrzeskie
before and after hydrothermal treatment with NaOH wlution
have been compared. The production and propertiesfchemp
nonwovens made by carding and hydroentangling alsare
reported. The samples of hydroentangled hemp fiberévarieties
Purini, Bialobrzesk) have been characterised to determine their
dimensional properties, water vapour transmission,pore size
distribution, thermal properties in order to assesgheir suitability
as alternative insulation materials.
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|. INTRODUCTION

conditions as treatment with NaOH solutions, angegeency
on concentration.

Also climate conditions and soil content affectrditproperties
and further materials made of them. It means that i
developing insulation materials, it is importanttést locally
grown hemp fibres.

Investigation of the qualities of fibre hemp hasete
promoted by the need to find appropriate appliceti@and
production methods for hemp fibres. The thermalquarance
of bast fibre insulations has been investigatedrgefbut there
is a lack of information concerning fibre qualityhich affects
production chain and information related
hydroentanglement method in fibre hemp processing.

to

Hemp is an annual plant that gives fibres with good

mechanical properties. “Hemp” refers primarily tar@abis
sativa L. (Cannabaceae), although the term hasdpgaied to
dozens of species representing at least 22 gehpra [

Hemp bast fibres have traditionally been used éatiles,
but they can also be used, e.g., for compositesidibg
materials, paper products and packages. For nownibst
important hemp fibre applications are bio-based musites
(natural fibre reinforced plastics), as well as stauction and
thermal insulation materials [2], where the lattethe subject
of this article.

Hemp can be grown in moderate climates and theyineq
relatively low input to give high yields. Bast fé® are suitable
for use as insulation materials due to their thénpnaperties
and some ecological features, i.e., biodegradgbHbwever,
controlled procedures during harvesting,
manufacturing and building are required in ordeavoid the
risk of negative effects caused by contaminantsraaibture.
There is an increasing interest in ecological valwnd
renewable materials, promoting, e.g., the use ob-bgsed
materials in the building sector and also in otigplications.
Hemp fibre use in the manufacturing of insulatingtenials
minimizes damage to the environment as it conteibuto
reduction in C®emissions [3]; moreover, hemp fibre has lo
energy demand in production, potential for recygliand
positively affects indoor environment [4].

Hemp can successfully be grown in Latvia, and rmayhe
future it will give the raw material for extensivdomestic
production of several structural materials. In ortteuse the
natural fibres for manufacturing of more elabordtigh-
quality materials, fibre properties should be takiro
account. Important mechanical properties for design
contemporary products are stiffness, strength, tuwas
sensitivity. On the basis of the obtained testltssthe quality
of the fibre can be affected by the way of rettirsgich
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Il. MATERIALS AND METHODS

Hemp fibres used in this study were obtained freemp
stems harvested using a trial plot in Vilani digtriLatvia
(local dioecious variety “Purini”) and commercialveing (ES
registered monoecious industrial hemp variety
“Bialobrzeskie”) in Kraslava district, Latvia. Thiearvested
hemp stems of both varieties were left for dewington the
field for biological degradation. In order to exdtdibres from
rettedBialobrzeskiehemp stems light modified flax scotching
line was used.

For treatment with NaOH solution hemp grown in 2068
used. Scutched fibres of varieByalobrzeskiewere subjected
to 2-hour hydrothermal treatment (£ to depolymerize
hemicellulose and pectin in the cell walls of fibreombined

processingith mercerization using 1% and 1.5% NaOH solution

followed by washing and drying at temperature o5°Cfor
two hours. The proportion of long fibres after cangp by
hand was determined.

Both hemp varieties used for hydroentanglement atkth
were sown in the trial plot on 13th May, 2010. Dte
differences in flowering time, cultivaurini was harvested on
7th September, cultivaBialobrzeskie —on 16th September.

W8oth hemp biotype farming conditions were similactive

nitrogen fertilizer doze was 60 kg/ha; seeding naras 70 kg
ha'; the harvested hemp stems of both varieties weftefdr
dew retting on the field (4 weeks). Average stemgth of
cultivar Purini — 1.35m, of varietyBialobrzeskie— 2.70 m.
Straw yield of cultivarPurini (P) was 8.07 t/ha, for variety
Bialobrzeskig(B) — 18.22 t/ha; bast fibre yield was 23.9% for
cultivar P, 32.1 % for B. Linear density for P w&3.4 Tex,
for B — 36.2 Tex. Moisture content of fibres foundhe range
was 9.2%-9.3 %. Before carding, fibres were pretalB-10
cm in length. Parallel-laid webs were prepared byding
where fibres were disentangled and mixed to create
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homogeneous web. Specimens were made from these w2005, 1ISO 5085-1:1989, ISO 5085-2:1990), 7) Nonwove

by means of hydroentangling technology.

Hydroentanglement was performed on a seven injéxtor
m wide machine. Webs were pre-wetted and hydrogigen
using jet strips with a nozzle diameter of 158; jet strips at
pressure of 100 bar (10 MPa) were applied in aerradting
face and back profile. The conveyor speed was fiaed
m/min. The fibres were entangled, intertwined ameriaced
with each other to produce a coherent structurenddiately
after hydroentangling, a large fraction of intdraliy held
water in the nonwoven is mechanically removed bstisn,
but because hemp is cellulosic, the water conemains very
high even after mechanical extraction and througtthging
is required [5].

Four nonwoven variants hydroentangled (H) frometbpf
each variety are labeled as follows with referetcethe
original web basis weights (gfinused to produce the fabrics:

density, kg/m, 8) web weight (ww), grams.

I1l. RESULTS ANDDISCUSSIONS

A. Hemp Fibre Bundle Content

Plant fibres are constituted by three structurdymers (the
polysaccharides cellulose, and hemicelluloses ahd t
aromatic polymer lignin), as well as by some minor
nonstructural components (i.e., proteins, extrastiv
minerals). Bast fibres from hemp contain ~67% dede,
~16% hemicellulose, 3.3% lignin and 0.8% pectin. [Bhe
purpose of retting is the decomposition of the ipect
substances, by which fibre bundles are attachedrrounding
bark matrix and the woody core. This will facileathe
subsequent mechanical separation of the fibre legnftbm
the rest of the stem.

H100, H120, H140 and H160. Samples were also ddnote As in hemp fibre unit cells with diameter of 15-60crons

according to the origin of the constituent hemprdibi.e.,
Purini (P) or Bialobzeskie (B).

The mechanical and physical properties of obtagadples
were determined according to internationally aocedpt
standards: 1) Fabric thickness, mm (BS EN ISO 9®1397),
where method B was adopted with slight modificadion
uniform pressure of 0.02 kPa, i.e., 10 grams o2 5tn2; 2)
Fabric mass per unit area, g/BS EN 29073-1:1992, I1SO
9073-1:1989), modification: test area of the samplas
10 000 mm instead of 50 000 mm3) Maximum pore size
mean value, pm (fluid displacement method was usbeére
the materials are exposed to a certain pressuexpel the
liquid from the pores). 4) Water vapour transmissié (BS
EN ISO 12572:2001), glass dishes were used. 5)nidler
resistance, m2-K/W, (BS 4745: 2005, 1SO 5085-1:198®
5085-2:1990), two-plate method was used: fixed gunes
procedure; 6) Thermal conductivity (k), W/(m-K), &R,
where d — the thickness, R — the thermal resistgBs 4745:

are connected by lignified pectins, the basis oime
processing lies in loosening and dissolving thisidbaising
different methods. Hydrothermal treating depolymesi the
hemicelluloses and pectins into lower molecularebidies
and phenolics [7], which are polymerized under high
temperatures. It is supposed that hydrothermal titigea
combined with mercerization using NaOH influencérdi
content and mechanical properties, as well.

Table 1 shows the comparative data of long andt $hwe
content without treatment and with two different Ot
solution concentrations during hydrothermal treatinéfter
treatment with 1% NaOH solution, long fibre content
decreased only by 1.9%, with the increase in canaton by
0.5% long fibre content decreased seriously by %0(Bable
1).

TABLE |
RESULTS OFFIBRE CONTENT OFVARIETY BIALOBRZESKIEBEFORE AND AFTERHYDROTHERMAL TREATMENT WITH NAOH SOLUTION
Untreated, Treated, combed
combed
NaOH 1 % NaOH 1,5 %
Fibres, grams Fibres, grams Fibres, grams
Dust, Dust, Dust,

Long Short | grams Long Short| grams| Long Short| grams

12.7 7.7 3.6 8.77 7.45 0.68 8.43 8.65 0.64
52.9% | 32.1%| 15.0% 51.9% 44.1% 4.00 47.6% 48/8% 3.6%

B. Hydroentangled Nonwoven Materials

A summary of test results of the hydroentangledmasm
of hemp varietyPurini andBialobrzeskieare given in Table
2.

TABLE Il
TESTSRESULTS OFPURINI AND BIALOBRZESKIE HEMP FIBRE NONWOVENS

No Test Purini nonwovens Bialobrzeskienonwovens
) Parameter | PH100| PH120| PH214( PH16Q BH100 BH1P0 BH140 BH160
1. | Thickness, 2.1 2.71 2.9 3.32 2.6¢8 2.71L 3.27 3.74
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[mm]

Mass per
unit area, 206 269 337 378 185 232 292 304
2. | [g/m’]

Pore size,

3. | [um]

Water
vapour
transmission,
4. | [%]

Thermal
resistance, 0.067 0.073 0.076 0.084 0.070 0.071 0.093 0.094
5. | [m’K/W]
Thermal
conductivity, | 0.031 0.037 0.038 0.040 0.038 0.038 0.085 0.940
6. | [WI(m-K)]
Web weight
7. | [g]

Density,

8. | [kg/m7

- 266.1 - 167.6 - 226.8 - 129.1

97 98.8 95.1 95.5 97.3 97.3 84.4 85.p

56.5 70 89 98.6 41.7 50.8 68.3 82.4

98.1 99.3 116.2 113.9 69.0 85.6 89.8 81/6

As seen from Table 2 and Fig. 3, the nonwoven ttask

Original fibre amounts used to produce the websadrgding for variety P was in the range of 2.1 till 3.32 nwhere for

were the same for both varieties: 100, 120, 140 &46@d variety B nonwovens it varied from 2.68-3.74 mmmBke

grams. However, web weight after carding was higlbe H120 thickness for both varieties are the samet g, but
variety Purini as there was higher weight loss during cardingn all other cases, P fabrics are thinner than Baowens.

process for varietBialobrzeskig23%). The web weight after

carding was in the range from 56.5 to 98.6 g f@n@ 41.7 to 4
82.4 for B (Table 2. and Fig.1). - ]
3 | ||
120 g
o0 B 2 — -
& 100 3
2 80 ] £ | i
° 60 ] g=
g 40 = 0 : : : :
o 20 A H100 H120 H140 H160
20 OPurini O Bialobzeskie
5 100 120 140 160 _ _
g Weight of fibers before carding, g Fig. 3. Nonwoven thickness, mm.
OPurini O Bialobzeskie The density of the nonwovens depends directly oteriza

Fig. 1. Weight of carded web, grams. weight, thickness and area, as density can be reutaby
dividing the nonwoven mass per unit area by theerrat
Also the fabric mass per unit area for webs afterolume. Density for samples of variety P variednir®8.1—
hydroentangling showed the same coherence betwaeaties 116.2 kg/mi, where for B samples it was from 69 to 89.3
— B samples were lighter than P samples. As sean Trable kg/m?® (see Table 2 and Fig. 4), and it was nonlinearbfath
2 and Fig. 2, fabric mass per unit area for P tsbwias in the varieties. The relationship between density andrntaé
range of 206-378 g/rin contrast to the B fabrics, where itproperties is not linear and it varies betweenedéfht studies

was from 185 to 305 gfm [8].
140,0

5 40 ] = 1200
2 300 ] Z 1000 T
2 E g
g% S 800

< 200 5 < 60,0 H
§ 2 z 2
g < g 40,0 T
S E 100 g 20,0 H
g5 Z 0,0
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. - - OPurini B Bialobzeskie
OPurini O Bialobzeskie

Fig. 4. Nonwoven density, kgfm
Fig. 1. Nonwoven mass per unit area, g/m
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The thermal conductivity of insulation made of bistes samples were from 0.035-0.040 W/(meK), which corimgar
is compatible with conventional insulation. Howevéhe to other commonly used insulation materials (se®. T)
variation between the conductivity values of intiola varies, showed good indicators.
for example, in relation to bulk density and tackmress. TABLE I

As seen from Table 2 and Flg 5’ the thermal resest of PROPERTIES OFSOME COMMONLY USED INSULATION MATERIALS

Purini nonwovens within the experiment change(_ll relativepy insulation Density, kg Thermal conauctvity,
slowly, increasing by 25.4%, because the nonwoki@kness
increased by 58.1%. The overall thermal resistante - type WH(mK)
: . o o : . Mineral wool 13-180 0.030-0.045 [10-11]
Bialobrzeskienonwovens was more sensitive to the increaseris
. ! s Polystyrene 18-80 0.025-0.041 [10]
nonwoven thickness than in the Purini — nonwovestrtial
. . . . : Cork 105-120 0.038-0.050 [12]
resistance increased by 34.3% with the increasethn Wood I 0 0.038 [12
nonwoven thickness only by 39.6%. 00d woo i [12]

It is apparent from Table 2 and Fig. 7 that watapour

0,100 L . . L .
transmission is nonlinear for both varieties. Diffiet
< 0,080
2
g > 0,060 - 100,0
§ 2 0,040 - 95,0 -
Té”e 0,020 : 90,0 -
Q
R
F

H100 HI120 H140 H160
‘ o Purini DBianbzeskie‘

85,0
80’0 7 E I

H100 H120 H140 H160
OPurini B Bialobzeskie |

Water vapour
transmission, %

~
wn
(=]

Fig.5. Nonwoven thermal resistance

Heat transfer through material is conduction. Thermal
conductivity, nonwoven bulk density, porosity armhwoven
architecture are material structural parametersctffg heat disposition of test results can be explained bfetihces in

transfer [9]. such properties of elementary fibre/ small fibrendies as
diameters, elasticity, flexibility: if B is a sowrcof highly

Fig.7. Nonwoven water vapour transmission, %

technical and hard fibres, P fibres are softer, anitexible,
2 and, as a result, are better at hydroentanglemetsere by
= creating a capillary structure, through which watapour
g moves quite well through the thicker layers, too.
.|
g
S 300
<
250
- == | Jl—
2 S 200
= H100 H120 H140 H160 ! 150
| OPurini OBialobzeskie | @
L 100
o
. - % 50
Fig.6. Nonwoven thermal conductivity
Thermal conductivity (k) was obtained from resutif 0 H120 H160
materials thickness (tf) and thermal resistance f{RM S Purin G Bialobzeskie
equation k = t/R. The thermal conductivity of the

hydroentangled nonwovens containiAgrini f|bre_s increased Fig.8. Nonwoven pore sizes, pm.
linearly, whereas no such trend was evident for the

Bialobrzeskie nonwovens (Fig. 6). FolPurini group, an  The porous structure of the bast fibres, small di@mand
overall increase of 29% in the thermal conductivityss the low bulk density, leading to trapping of a Emmount of
observed by increasing nonwoven thickness from23lmm,  aijr between the fibres in the material, makes tiseitable for
for Bialobrzeskie it increased only by 12% if thiglss was in  thermal insulation. Table 2 and Fig. 8 report therep
the range from 2.7-3.7 mm. However, for each tyfe @imensions of samples produced at H120 and H166.pbne
samples, the results were very similar or even shme. sizes ofPurini nonwoven samples were found to be up to 17%
Nonwoven samples of hemp variety P showed mearesaitl higher than those composed &falobzeskievariety. As
thermal conductivity in the range of 0.031-0.040(WK), expected, an increase in water pressure, whicleased the
but the mean values of thermal conductivity of Biwwoven specific energy consumed by the web, decreaseddieesize
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by up to 30% due to the increased compaction abrk fi opportunity to carry out only a few tests and cltaiall other

entanglement.

IV. CONCLUSIONS

indicators.
The obtained results have shown an opportunityetelbp
the local Latvian hemp genotygeurini into the fibre hemp

For both viewed varieties long fibre content redlicevariety for temperate climate zones suitable fovide range

significantly by increasing NaOH concentration
hydrothermal treatment process, which must be viahb in
selecting processing modes. After treatment with N&®OH
solution, long fibre content decreased only byA,.9vith the
increase in concentration by 0.5% long fibre contlatreased
seriously (10.3%).

The production of samples made by hydro-entanglém

technology has been studied in the present arfidle. mass
per unit area of nonwovens obtained frdfarini cultivar
increased linearly by 83% as the web weight afemdiog
increased by 75%. By contrast, the mass per uad af the
nonwovens obtained fronBialobrzeskie cultivar increased
nonlinearly by 65% when web weight increased by 98%e
B fibre losses during carding were 23% higher imparison
with cultivar B. The water vapour transmission dfet
nonwoven samples obtained frdPurini cultivar was up to
8.7% higher and pore sizes were found to be uy% higher
than those composed of the Bialobrzeskie varietffei2nces
between test results of cultivars can be explaiisd
distinctions in such properties of elementary fitmmall fibre
bundles as linear density (for cultivar P the agerés 23.4
Tex and for cultivar B 36.2 Tex), elasticity, flbkity: if B is
a source of highly technical and hard fibres, Pefbare softer,
more flexible, and, as a result, are better atdwaianglement
exposure by creating a capillary structure, throwghich
water vapour moves quite well through the thiclarels, as
well. Good water vapour permeability of a relatwédarge
thickness range (2.1-3.32 mm for cultivar P and323674
mm for cultivar B) allows including hydroentangldgtmp
fibore nonwovens in natural breathing packet forovatfor
household, industrial and construction applicatioihe
thermal resistance and conductivity results obthifoe these
nonwovens are promising for the intended end-usethey
have excellent insulation properties. Better
conductivity results were shown by cultivBurini, where

NP

thérma

inof potential applications that could be processet high

added value products not only by means of tradiitmit also
advanced high productivity technologies.
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Liga Freivalde, Silvija Kukle. Kanepju Skiedru saturs un neausto matesilu ipagbas

Saf rakst atspogiota kaepju %iedru apstide, izmantojot NaOHI&dumu, kas ietekmiedru saturu un to mehiskas ipagbas, l& af neausto matetiu
paraugu izgatavoSanu @padbu testSanu siltumizdicijas lietojumiem celtniabas nozat, kas veidoti ar &Sanas un caursiloSanas tehnofgju. Petijumos
tika izmantotas Latvij audZtas divu veidu kaepju ¥iedras un sadzinatas to gala produktipadbas - vietja divmaju Sirne ,Parini”, kas audztasVilanu
rajora, un ES réistréta viennaju rapniedabas &irne "Bialobrzeskie", audta Kraslavas rajoh. legitie cauradatotie keepju &iedru matedili testti, lai noteiktu
to izméru ipadbas (biezums, svars uz laukuma Wer), idenstvaiku caurlaitha, siltuma pretegta un siltuma vatspzja, lai &dgjadi nowertetu to piengrotibu
izmantoSanai alterrau siltumizokcijas mateidlu izgatavoSam Tika nowrtéta af kapepju &irnes ietekme uz matata ipagbam. Testto neausto mateaiu
iegutie siltumpretesbas un siltumvaitspsjas rezuliti ir daudzsoloSi attigba uz paredzajiem gala lietojumiem. Laba®denstvaiku caurlaibasipadbas
safdzinoSi liek biezuma diapozanjauj iedaut cauradatotos neaustogiégpju kiedru matedlus dahgi ,elpojoSu” pakeSu veidoSanai sages, fipniedbas un
celtniedbas vajadibam. legitie rezultti liecina, ka ir iespja attstt Latvijas vietjo kapepju genotipu ,RBrini” izolacijas lietojumiem ar augstu pievienoto
vertibu izmantoSanai celtnigias nozay.

Jlura ®peiiBaane, Cuiasust Kykie. Cogepkanue BOJJOKOH KOHOIUIM M CBOMCTBA HETKAHBIX MATEPUATIOB.

B cratbe oTpasken mporecc 00pabOTKH KOHOILUIIHOTO BOJIOKHA C ucronb3oBanueM NaOHu cozmaHus npu moMONIM YecaHus W THAPOCTPYHYATOH TeXHOIOTHU
HETKaHbIX MaTepHaJIOB, IIPUTOIHBIX IS TEIUIOM30JALUY B CTPOUTENbHOIN HHIycTpHHU. [IpoBeieHO nccneoBaHie i CPaBHCHUE CBOMCTB KOHEYHOTO TPOJYKTA,
HOJIy4CHHOTO C HCIOJIb30BAaHHEM JIBYX THIIOB KOHOIUISHOIO BOJOKHA - KOHOIUIM MecTHOro reHoruna «llypunm», Beipamennoi B Jlareum 2010 roxy, u
3aperucTpupoBaHHoro B EC IHOIBCKOTO CeNeKIHOHMPOBAHHOIO COpTAa IPOMBIINIICHHOH KoHommu “Buanmobpseckue”. Ilomydennsie oOpasmbl MaTepHanoB
HPOXOAMIN TECTHPOBAHHE JUISL OINPEIENCHUs WX (U3HYECKHX CBOMCTB (TONIIMHA, BEC HA CAMHHUIY IUIOLIA[M), NApONPOHULAEMOCTb, TEPMOCTOMKOCTb M
TEIUIONPOBOAHOCTh U T OLEHKH MX NPHTOJHOCTH JUIS HCIIONB30BAaHUS B MPOU3BOJCTBE AJIbTCPHATUBHBIX TEIIOM3OJIIMOHHBIX MaTepUaoB. BblIoO OleHeHO
BIUSHHE COPTOB KOHOIUIM Ha cBoiicTBa Martepuana. [lomydeHHbIe pe3ylIbTaThl TEPMHYECKOTO COHNPOTHBIICHHS U TEIUIONPOBONHOCTH JTHX TKaHEH
CBHJETENBCTBYIOT O MEPCICKTHBHOCTH HCIIONB30BAHUS MIPEUIaraeMoro MpoayKTa. Xopomiasi IapoIpOHUIAeMOCTh II03BOJSIET BKIIOYUTH HETKAHbIE MaTepUalbl,
ClleTaHHBIC W3 BOJIOKHA KOHOIUIM, B MaTepHalbl Ul ECTECTBEHHOro 00pa30BaHHs BO3MYXOINPOHHIAEMOrO MaKeTa JUI OBITOBBIX, IPOMBIIUICHHBIX H
CTPOHTENBHBIX HyX . [loyueHHbIe pe3yIbTaThl HOKa3hIBAIOT BO3MOXKHOCTD PAa3BHBATh TEILIOM30JIIIMOHHBIE TEXHOJIOTUH C BBICOKOH 100aBICHHONH CTOMMOCTBIO
IIPU UCIOJIb30BAHHUH JTATBUHCKOTO TeHOTHIIA KOHOILTH «[lypHHI» B CTPOHTEILHON OTPACIIH.
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