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Abstract - This article presents development of nonwoven
fabrics of hemp fibres for insulation applications in building
industry, created with carding and needle-punchingechnologies.
Two types of retted hemp fibres harvested in 2010 a local
dioecious variety “Purini” and the EU registered moroecious
industrial hemp variety “Bialobrzeskie” grown in the Vilani
district of Latvia — have been used and compared whttheir end-
product properties. The resulting needle-punched hap fabrics
are characterised to determine their dimensional poperties
(thickness, weight per unit area), water vapour trasmission)
porosity, thermal resistance and thermal conductitty to assess
their suitability as alternative insulation materials. The influence
of hemp variety on fabric properties has also beeastimated.

Keywords — needle-punching, nonwoven insulation matials,
hemp fibres.

|.INTRODUCTION

Worldwide, it is observed that attention has insiegly
focused on the acquisition of renewable resourdeistware
further used in the development of new sustainadie
environmentally friendly materials and products.tiMally
derived fibres occupy an
renewable resources, replacing man-made fibres mide
range of technical applications, including nonwopeaducts.
For now the most important hemp fibre applicatians bio-
based composites (natural fibre reinforced plastas well as
construction and thermal insulation materials fhere the
latter is the subject of this article. Nowadays sinwuses are
better insulated than in the old days when, assaltref poor
insulation, a lot of heat was lost. But the insilequality was
in many cases better than now, because of theyabfliwalls
to breathe [2]. Environmental and human healthaathges
of natural fibres, in this case hemp, in insulatiare the
following: thermal insulation materials composed f@mp
fibres are hygroscopic; low density and generatdtdid toxic
substances during combustion;
biodegradable and disposable. Hemp
environmentally-friendly natural fibre in processesf
cultivation, processing, hemp product exploitaticand
liquidation. Hemp is also vital to maintaining &iy removing
carbon dioxide and returning oxygen. But there also
disadvantages like flammability [2]. The bast layphloem)
of the hemp stalk contains the valuable textileefih

is classified

Tow of hemp fibredraditionally has been used in insulationdioeciously genotype

they are also eas

produced annually in the EU. Because of the radtinigh
price compared to mineral fibre insulation matesia is hard

to achieve bigger sales. The most important growers
manufacturers and users are China and the EU — &wgrm
France and Great Britain respectively [4].

The area of hemp grown in the world decreases lsecafl
high grain prices. Overall in the year 2010 in e there
were 22 000 ha of hemp, from which in France — Q0 Ba
and only 6 000 ha in the year 2011[5].

European flax and hemp short fibres, unlike mineiaand
ploypropylene, after a long period of price stapjlhave only
recently experienced insignificant increase in @riand at
present the price is stable — a price rise oftleas 10% over
seven years, respectively from 2003 till 2010slexpected in
the future that natural fibre prices will definigedtay below 1
€/kg [1]. However, when comparing prices, it musttaken
into account that hemp fibre prices vary accordmgupply,
demand and quality [6]. With adequate frameworkdions,
European hemp has a considerable growth poteftiial [

Nowadays, bast fibres insulation forms a small pérthe

increasing proportion a‘Hnoninsulation market throughout Europe, e.g. in Genynbelow

0.5 %. One reason for the relatively small volummewo-to-
threefold higher price of bast fibre insulationsngared, for
example, to the price of mineral wool. On the othand,
typical positive arguments for these insulationg dheir
ecological properties, like a low energy demangdrimduction,
potential for recycling, and positive effect on aad [3].

In Latvia hemp in the historical perspective waswn
mainly for food needs, as well as other crop pitidecagainst
pests. Revival of hemp cultivation for obtainindrés in
Latvia dates from 2008 [7]. In Latvian climate higiemp
straw yields are obtainable, fibre proportion resc22-25%
[8], and the acquired fibres have good physical
mechanical properties [9] — [12]. This study is cemed with
m)e development of nonwoven insulation materialagifocal
hemp varieties based on appropriate specificatians
comparative analysis with the EU introduced vaemtiarmed
in climatic and soil conditions found in Latvia.

and

[I.M ATERIALS AND METHODS

Raw materials — hemp fibres used for this studyewe
obtained from hemp stems harvested from a trigl-pla local
“Purini” and the EU registered

tapes between timbers [3] but since 1990s, whenpheas monoecious industrial hemp variety “Bialobrzeskia” the
rediscovered throughout the world as an importaatv r Vilani district of Latvia. The harvested hemp steofsboth
material for bio-based products [1], several typEsats and varieties were left for dew retting on the field foiological
loose fill insulations of different thickness fasramon houses degradation. Field retting is a natural process fitare
have been developed into commercial products [8bout production from hemp, which depending on weather
3,000 up to 4,000 tonnes of hemp insulation mdterae conditions, results in fibres of variable qualiuring this
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process fungi and yeasts colonise the hemp andupeod has been calculated by dividing the fabric massunér area
polysaccharide-degrading enzymes, which maceratd aby the material volume.
disrupt the parenchyma cells [13]. Water vapoutransmission (%) has been obtained according

In preparation for carding, fibres were pre-cut6taill 10 to BS 7209:1990, by using the water method. Metsheb
mm in length. Parallel-laid webs were prepared byding containing distilled water have been used, andpégodic
wherein fibres were disentangled and mixed to eremt weighings determine the rate of water vapour moveme
homogeneous web. Nonwoven specimens were made frémough the sample [16].
these webs by means of needle-punching, whicteiptbcess Thermal resistancém?®K/W) has been measured according
where fibres are engaged by the needle barbs Nd&édle- to BS 4745: 2005, ISO 5085-1:1989, ISO 5085-2:1890
punching was performed on 30cm wide sample needlm| using the two-plate method: fixed pressure proaedur
with 36 g regular 3 barb needles made by Fostez.idedles Samples of the fabric to be tested were 330 mniaimeiter.
are arranged in offset lines like a chess boarde $hank Thermal conductivity (W/ (m-K)) — K, has been cddted
gauge of the needle is 15 — 18 — 42. Penetratignthdef from K=d/R, where d — thickness, R — thermal resise, (BS
needles — 6.4 mm on both sides. Punch density puibhes/ 4745: 2005, ISO 5085-1:1989, ISO 5085-2:1990).
cnt. Porosity has been obtained from the ratio of therida

Average web dimensions used for needle-punchinge wedensity and the fibre density which is expressegdrcentage
0.6 x 0.4 m. The single-layered fabrics were combio [16], where density of hemp fibre is 1,48 gfcmespectively
produce the multi-layered nonwovens. The aim ofetteping 1480 kg/ni [3], [6].
multi-layered needle-punched structures was to ilmbtiae
desired thickness with a limited number of fibras.a result, [I.RESULTS AND DISCUSSION

it must be taken into account that fabric densityréases by — a summary of the test data for each fabric is giirefable

increasing web weight and depth of penetration. ifbeease 1, which compares values for both types of hempetar
in needle penetration depth results in a deeper-latking

and entanglement of fibres, as a higher number avbd TABLE |
penetrates the web and, therefore, a higher compact the PHYSICAL PROPERTIES OF NEEDLEPUNCHED FABRICS
web and a reduction in thickness occur, which caube Variety Purini Variety Bialobrzeskie
increase in fabric density [15]. It follows thatethmaterial Test ot 1 ene | g et | Bz BN3
properties may vary depending on the type of fabrig
preparation web — either being used by one or fayers in ;??liirfess ol 65 17,7 45,7 4,4 10,6| 32,7
order to obtain a uniform thickness. —

In this article an abbreviation system has beerd use ;F,Z?ﬂﬁi{"aﬁi 153 | acs | 1385 | o1 o8 | 908
describe the samples. Three needle-punched (N)lsarfgr gim? ’
each variety are used to produce the fabrics quorefing Fabric

respectively to different thicknesses: N1, N2 &8 Samples
have also been denoted according to the origin hef t
constituent hemp fibre, i.e. Purini (P) or Bialokskie (B). Porosity, % | 985 | 982 | 980 | 986| 983 981

Wherever possible, standard test methods have heseal Water vapour
for the measurement of fabric mechanical and physic g;oansmssmn,
properties, such as thickness, fabric mass peraned, fabric - |
density, porosity, water vapourtransmission, —thermal :es‘?;gf]ce’ 024 | 04s | 123 | o16| oz2| 115
resistance and thermal conductivity. All fabric gd@s have m2KIW
been conditioned under standard atmospheric condithich Thermal
has a relative humidity of 65 + 2 % and a tempeeatf 20 + conductivity, | 0,028 | 0,040 | 0,037 0,028 0,033 0,028
2 °C for at least 24 hours before testing (BS EN3201992; Wi/m K
ISO 139:1973 Textiles— Standard atmospheres for Fabric weight, thickness and density are intereelat
conditioning and testing). physical parameters of needle-punched nonwovenictabr

Fabric thickness (mm) of the nonwoven fabrics otgdi produced by using carding. The needling action esus
have been measured according to BS EN ISO 90732;19 simultaneous changes in both density and thickfi&gs
where the method B has been adopted with slight Relationships between fabric mass per unit area and
modifications: uniform pressure 0.02 kPa, i.e. 2@rg 100 thickness for both varieties are very similar arsh cbe
cnt. described as non-linear relationships (equatior?y, which

Samples have been weighted using a balance wéh tban be seen iffable 1 and Figure 1. By increasing fabric
accuracy of 18 g in order to determine the mass per unit aremass, thickness is growing nonlinear. If comparingth
g/n? according to BS EN 29073-1:1992, I1SO 9073-1:198%arieties, fabric mass per unit area and matehniakness for
modification: test area of the sample has been0D0@nf  all samples are higher for the variety Purini. Ehdiferences
instead of 50 000 mMThe density of the nonwoven fabricsbetween varieties are due to the fact that by ngakiebs with

a carding machine the same number of fibres has bsed,

. 3 | 21,9 26,5 30,3 20,7 24,5 27,8
density, g/m

69,2 57,1 28,0 74,3 54,4 26,8
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but after carding the web weight has been higher tlie
variety Purini. For the variety B more fibres wewasted in

the middle of carding process.

e
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Fig. 1. Fabric mass per unit area as functiomickhess.

Yeu= 0,114 %+25,496 x-17,543 (1)
Yeu = 0,0784 %+25,956 x-24,557 (2)

Heat transfer through material is conduction. Thermal
conductivity, fabric bulk density, porosity and fab
architecture are material structural parametersctffg heat
transfer [16].

From Table 1 and Fig.2., it is apparent that therrttal
conductivity Yoc and Ysc multiplied by 100 for both hemp
varieties is described by nonlinear functions (¢igua 3-4) of
needle-punched fabric thickness within following rders
0.028 — 0.04 W/(m:K) for the variety Purini andZ80- 0.033
W/(m:-K) for the variety Bialobrzeskie. Thermal coctvity
is affected by the fabric thickness for both vaeetYpc and
Ygc, but the trends are not consistent: the thermadiactivity
in the PN group has remained abouyt¥ 35% despite a large
change in the fabric thickness of over 39 mm. Therrhal
conductivity of the BN samples,g¥ was found to be more
than a half lower than that of PN samplesd¥17%), where
changes in the fabric thickness are over 28 mm.

The thermal resistance of both varieties of nepdieched
fabrics shows the tendency to follow the growth falbric
thickness.

%
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Fig. 2. Thermal conductivity, W/(m-K) as a functiohthickness.

Ypc = -0,003%+0,188 x+1,675 (3)
Ygc = -0,004 %+0,1308 x+2,307 (4)

38

By carrying out a water vapour tests, the specimesealed
over the open mouth of a test dish which contaiistilied
water. At specific time, weighings of the assembdésh are
made and the rate of water vapour permeation thrahg
specimen is determined as the mass of water losh the
dish. The water vapour permeability index is calted by
expressing the water vapour permeability of theri€abs a
percentage of the water vapour permeability of faremce
woven fabric which is tested in a similar mannenaurrently
and alongside the test specimen. [17].
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Fig. 3. Water vapour transmission as a functiodenfsity.

Ypw = -0,596 %+26,233 x-219,45 (5)
Yew = -0,431%+14,176 x-34,516 (6)

Relationship among fabric density and water vapisur
nonlinear which is described as a second-degregpuiial
(equations 5 and 6). As shown in Fig.3, water vapou
decreases faster for the variety Bialobrzeckie.ifi@yeasing
material density, the water vapour decreases mapitflater
vapour changes significantly if comparing the res@br the
lowest and highest density. For the variety P diffice in
density is 39% and in water vapour is 147 %. Fer\tariety
B, when difference in fabric density is 34%, watepour
changes within 177%. By comparing both varietiefiaB 4%
higher average density and 30% lower water vaploan the
variety B.

The relationships between density and porosity othb
varieties are linear (equations 7-8).
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Fig. 4. Porosity as function of fabric density fearieties Purini and
Bialobrzeskie.
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Y pp=-0,0007x+1 (7) highest — 30.3 kg/m3, change in the pore quargignly 0.3
Ygp =-0,0007x+1 (8) %. For the variety B, where density, in generalpiger than

for the variety P, namely between 20.7 kg/m3 and 27
As it is seen from Table 1 and Fig.4, fabric pasosi kg/m3, and porosity is slightly higher — it varieghin 0.5
decreases by increasing material density. But textuds %. This could be explained by the fact that therefib
not large if comparing borders for both varietiefor the hardness of the variety B is higher and therefbesprocess
variety P where the lowest density is 23.5 kg/m8 #me of needle-punching is complicated.

Type of insulation Fibre raw material Bulk density (kg/m”) k (or k) (W/mEK)

— Flax —_ 0.040- 0,046

Mat Flax 5-50 0.038-0.075
Flax 20100 0.035-0.045

— Flax and hemp 25-40 0.050

Mat Flax and hemp 39 0.033

Mat Flax and hemp 19 0,060

Mat Hemp, retted 5-50 0.040-0.082

Mat Hemp. green 5-50 0.044-0.004

Loose-fill Hemp. frost-retied 25-100 0.040-0.049

— Hemp 2045 0.040-0.060
Glass wool 20-50 =< 0.040

— Glass wool 1850 0.050

Mat Stone wool (mineral wool) 5-50 0.035-0071

- Stone wool (muneral wool) 15300 0.037-0.050

Stone wool 3060 0.050

— Cellulose 30-45 0.041-0.050

Loose-fill Cellulose (recycled paper) 30 0.041

— Cellulose (wood fibre) 3060 0.050

—, not provided.

Fig.5. Thermal conductivity of traditional and p@estive insulation materials [18].

The thermal conductivity in the range of 0.028 -040. if its thermal conductivity is less than 0.065 VWA typical
W/(m-K) of insulation materials made of hemp fibreg mineral wool has thermal conductivity in range di3b-0.040
needle-punching technology is compatible with tlet W/mK, wood 0.21 W/mK, air 0.026 W/mK. The developed
conventional insulation materials. However, theiateon hemp fibre needle-punched materials have excelsntation
between the K values of all insulation materialdes e.g. in performance due to optimal thermal insulation proes,
relation to bulk density (Fig.5). The relationshijgtween where) is 0.028 — 0.040 W/mK for the tested variety P and
density and K is not linear and it varies betwedffetnt 0.028 — 0.033 for the variety B, which leads tocrdase in

studies [18]. energy needed to heat the building. This resuttoissistent
with the requirements related to the natural insuja
IV.CONCLUSIONS materials, where thermal conductivity is equal 140 - 0.045

It has been an exploratory study intended forizinid W/m: K o . o
hemp fibres for developing thermal insulation farltings,  AS fibres of fabric Bialobrzeskie are coarser, magd,
particularly for walls and roofs. with less elasticity than P fibres, there is highaight loss

A thermal insulation is defined as a material wittv heat during carding process; as a result, fabric thisknend mass
conductivity whose main function is to minimize heansfer. Per unit area are lower for the variety Bialobraesk
Bast fibres can fulfil this function because ofithporous ~ G00d water vapour permeability of a large thicknesge
structure, small diameter, and a low fibre bulk sign— for ~@llows including needle-punched non-woven hemp efibr
hemp it is 1.48 g/cm3 comparing with glass fibrekere it is materials for natural breathing packet formationr fo

2.6 g/lcm3, which leads to a lot of air betweenfthees in the household, industrial and construction use.
insulation. Hemp nonwoven insulation can be used as an alteenat

The production of multi-layered samples by comignin material for glass wool or mineral wool insulatioraterials in
nonwoven fabrics through the needle-punching peodess enviroqmental prgtection aspect, as well as innemitity
been explored. The thermal resistance and condiyctasults ~ régulation in buildings.

obtained for these fabrics are promising for titerided end- N addition: natural fibres are combustible yvithpeﬁ;idges
use. while glass fibres are not. In consequence, inatn@n with

For construction purposes a material is definethaslating ©€nergy recovery is a favourable end-of-life optiaa an
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Liga Freivalde, Silvija Kukle, Guntis Strazds. Neausé kanpepju Skiedru siltumizolacijas materiali

Saj raksh atspogipta kaepju &iedru neausto matétu paraugu aisba siltumizoiicijas lietojumiem celtnigbas noza, kas veidoti ar #&Sanas un
cauradatoSanas tehngiioi. Petijumos tika izmantotas Lat@jaudztas divu veidu keepju &iedras un sadzinatas to gala produktipa3bas - vietja divmaju
Skirne ,Parini”, kas aud2tasVianu rajora, un ES rgistréta vienmaju ripniedbas £irne "Bialobrzeskie", audta Kraslavas rajoa. legitie cauradatotie keepju
Skiedru mateidli tiek tesEti, lai noteiktu to iznéru ipadbas (biezums, svars uz laukuma Wer), ddenstvaiku caurlaibas, siltuma pretesas un siltuma
vaditspgjas, lai fidgjadi nowertetu to piengrotibu izmanto3Sanai altermat siltumizokcijas mateiilu izgatavoSam Tika norteta af kapepju ¥irnes ietekme uz
materkla ipadbam. TesEto neausto mateaiu iegitie siltumpretesbas un siltumvatsgejas rezuldti ir daudzsoloSi attiaba uz paredztajiem gala lietojumiem.
Labastadenstvaiku caurlaibasipasbas sabzinosi liek biezuma diapozanlauj iedaut cauradatotos neaustosiépju &iedru matefilus dabgi ,elpojoSu”
pakeSu veidoSanai sades, fipniedbas un celtnigbas vajadibam. leditie rezulgti liecina, ka ir iespja atistit Latvijas vietjo kapepju genotipu ,Brini”
izolacijas lietojumiem ar augstu pievienotertzbu izmantoSanai celtnidias nozar.

Jlura ®peiiBaane, Cunsus Kykiae,I'ynrue Crpasziac. KoHomiisiHoe BOJIOKHO /11 H30/IALHOHHBIX HETKAHBIX MATEPHAJIOB

OTa cTaThsi OTPAKAET PA3BUTHE HETKAHBIX MATEPUAJIOB, CMIETAHHBIX M3 KOHOIUISHOTO BOJIOKHA, TPUMEHSEMBIX JUTs TEIIOM30JIAUU B CTPOMTEIHLHOM UHITYCTPUH,
CO3/IaHHBIX MPU MOMOIIU YECAHUSI U UIIIONPOOMBHOM TEXHOJOTHIl. J[Ba THUMAa KOHOILUITHOTO BOJIOKHA - MECTHBINA COPT, BhipamenHoii B JlarBuu 2010 romy,
KOHOIUTH MECTHOro reHotuna «lypuHm» M KoMMepueckd AocTymHelil, B EC 3apeructpupoBanHsiii 1 B [lonbie ceneKMOHMPOBAHHBIN COPT, OJHOIOMHOM
MPOMBIIUIEHHONH KOHOMM “bBuanobOp3eckue” OBUTM MCHOIB30BAHBI B HCCIEAOBAHUM M CPAaBHEHMH KOHEYHBIX CBOMCTB mMpoiaykra. [lomyueHHble oOpasiil
MaTepHalioB KOHOIUITHOTO BOJIOKHA TMPOXOMIJIM TECTUPOBAHHE I OMpeNeieHuss UX (U3MYECKUX CBOMCTB (TONIIMHA, BEC HA EIUHUILY IUIOINAH),
MapONPOHULIAEMOCTh, TEPMOCTONKOCTD U TEIIONPOBOIHOCTH JUISl TOTO, YTOOBI OLEHUTH UX MPUTOJHOCTH TS MCHOIb30BaHUS B MMPOU3BOJICTBE ATbTEPHATHBHBIX
TETUION30JILMOHHBIX MaTepUasioB. BBUTH OLEHEHBI pa3nuuHbIe 2 (EeKTs COPTOB KOHOIIM Ha CBOWCTBAa Marepuana. [loaydeHHble pe3yiabTaThl TEPMUUECKOTO
CONPOTUBJICHUsST M TEIUIONPOBOJHOCTH ISl JTHX TKAHEH SIBJISIIOTCA TMEPCIEKTUBHBIMU JUIS TPEAINONIAraeMoro KOHEYHOrO HCIOJB30BaHus. XOpolas
MapoNpOHUIIAEMOCTH 03BOJISIET BKJIOUUTh HETKAHBIE MaTepUallbl, CACJIaHHbIE U3 BOJOKHA KOHOIUIM, /Il €CTECTBEHHOI0 00pa30BaHUS BO3/1yXOINPOHHUILIAEMOTO
makeTa /s OBITOBBIX, TMPOMBIIUICHHBIX M CTPOMTENBHBIX HYXI. [lomydeHHble pe3ynbTaThl MOKA3bIBAIOT BO3MOJKHOCTh Pa3BUBATH TEIIOM3OJISLIMOHHBIE
TEXHOJIOTHH C BBICOKOI 100aBJIEHHOI CTOMMOCTBIO TIPH UCTIOJIb30BAHUM JIATBUICKOTO I€HOTUIA KOHOTUIN «I IypUHU» B CTPOUTENILHOM OTpaCiIy.
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