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IEVADS

Energijas un izejvielu izmaksu, vides piesarnojuma palielinasanas, siltumnicas
efektu izraisoSo gazu emisija, globala sasilSana, fosilo izejmaterialu izsikSana stimulé
mekl&t un pétit citas alternativas maksligo Skiedru un no tam izgatavoto produktu pilnigai
vai dalgjai aizvietoSanai. Atjaunojamas izejvielas, t.sk. dabiskas Skiedras ir nakotnes
resursu kratuve ar daudzpusigu pozitivu ietekmi gan uz planétas ekosist€mu, gan dzives un
darba vidi, gan energijas patéripu nodro$inot nepiecieSsamo funkcionalitati. Viens no
butiskiem energijas taupiSanas veidiem ir samazinat energijas patérinu €kas tas siltinot.

2012. gada pasaules Skiedru razoSana pieaugusi I1dz 88.5 miljoniem tonnu, kas ir par
1.9 % vairak neka 2011. gada. No tam 32.5 miljoni tonnas bija dabiskas un 56 miljoni
tonnas maksligas Skiedras. Savukart, izmantoto Skiedru apjoms sasniedza 85.8 miljonus
tonnu, kas ir par 4.5% vairak neka iepriekséja gada. Tas uzskatdms par ieverojamu
izaugsmes paatrinajumu, salidzinot ar 1.7% pieaugumu 2011. gada. [1] Saskana ar Global
Industry Analysts, kas tiek pozicionéta ka viena no pasaules liclakajam un pazistamakajam
tirgus izpetes firmam, pétijjumu datiem paredzams, ka pasaules tekstilSkiedru tirgus uz
2015. gadu sasniegs 93 miljonus tonnu. [2] Tiek prognozéts, ka pasaules iedzivotaju skaits
turpinas pieaugt no pasreiz€jiem 7 miljardiem cilvéku Iidz aptuveni 9 miljardiem 2050.
gada. [3] 2012. gada pie skiedru patérina 85.8 miljoni tonnu, pasaulé katrs iedzivotajs
patér&ja vidgji 12.2 kg tekstilskiedru. [1] Pieaugot iedzivotaju skaitam paredzams, ka
globalais skiedru pieprasijums pieaugs vidgji par 3 % gada. [4] Lidz ar to arT pieprasijums
péc tehniskiem tekstilizstradajumiem, t.sk., neaustajiem materialiem siltumizolacijas
lietojumiem ir un bils pieaugoss.

Patlaban lielako pasaules atjaunojamo Skiedru tirgus dalu ar aptuveni 85 % sastada
kokvilna; no tas izgatavo aptuveni 40 1idz 50% no visiem tekstilizstradajumiem. [2] Tacu
kokvilnas $kiedru razoSana saistita ar lielu energijas patérinu un vides piesarnojumu ar
audzesana lietotiem pesticidiem un herbicidiem. Bez tam kokvilnas audz&Sanai piemeéroto
zemju platibas sartik Indija, Kina un Pakistana, kas dominé pasaules kokvilnas raZzoSana.
[2] Pakapeniski attistas citas dabigo Skiedru alternativas. Celulozes Skiedru (iznemot
kokvilnu) raZoSanas apjomi 2012. gada par 10.2 % parsniedza 2011. gadu, un sasniedza 5.2
miljonus tonnu. Kopuma S§is ir desmitgades visdinamiskakais Skiedru segments, kura
vidgjais gada pieauguma temps kops 2000. gada ir 5.4%. [1]

Latvijas apstakliem piemérotas Skiedraugu kulttiras ir vesturiski audzetie Skiedru

lini un kanepes. Darba ietvaros veiktajos pé€tijumos izmantotas Skiedru kanepes, kas



salidzinajuma ar liniem mazak slimo un tas maz boja kaitekli, tapéc kanepju audzesana
praktiski nav jalieto pesticidi un herbicidi, [5] kas samazina apdraudéjumu ekosistémai.
Viena no biezak min&tajam rupniecisko kanepju izejmaterialu pozitivajam ipasSibam ir to
loti plasais lietojums, praktiski visu augu var parstradat un ta parstrades produktus
izmantot razoSana. Liksnes Skiedras parstrada tekstilriipnieciba, papira razoSana,
bluvmaterialu, kimiskaja ripnieciba, autobiivé. Visu stiebru ka zalo masu lieto energétika,
kimiskaja riipnieciba, spalus var parstradat buvmaterialu, kimiskaja riipnieciba, energétika,
lauksaimnieciba. No séklam iegiist ellu, ko izmanto partikai, farmacija, energétika,
kimiskaja rupnieciba, lauksaimnieciba.

Kanepju skiedras tradicionali parstradatas galvenokart austos tekstilizstradajumos,
bet pedejo desmitgazu laika pastiprinata interese ir versta uz to parstradi neaustos tehniskos
tekstilizstradajumos. Luksnes Skiedru siltumizolacijas materiali tiek wuzskatiti par
ekologiski labvéligiem materialiem, kas ir viena no to svarigakajam prieksrocibam.

Art Latvijai ir svarigi meklét veidus ka no viet§jam dabigajam Skiedram razot
ilgtsp&jigus produktus. ST darba ietvaros pétitas iespgjas Latvija audzétu kanepaju kiedras
parstradat neaustos materialos siltumizolacijas lietojumiem.

Starp pozitivajiem ieguvumiem no kanepju Skiedru izmantosanas €ku siltinasanas
materialos jamin zems energijas patérin$ un augsta oglekla dioksida piesaiste visa dzives
cikla, laba izolacijas materialu gaisa un tidens tvaiku caurlaidiba lauj uzturét veseligu telpu
mikroklimatu, ekspluatacija un degot neizdalas toksiski savienojumi, veidoti no ikgadgji
atjaunojamam izejvielam, nodroSina ar citiem tirgll piedavatiem izolacijas materialiem
salidzinamu siltumizolacijas sniegumu. Tadgjadi kanepes ir uzskatamas par vertigu

kultiru, kas paver iesp&jas attistibai gan lauksaimnieciba, gan raZoSana.

Zinatniska darba meérkis:
Veikt kompleksus pétijumus izvertgjot neausto materialu tehnologiju ietekmi uz
kanepju Skiedru siltumizolacijas materialu Ipasibam un izstradat siltumizolacijas materialu

prototipus uz vietjo ikgad@ji atjaunojamu resursu bazes.

Lai 1stenotu izvirzito merki, tika definéti sekojosi darba uzdevumi:

1. Apzinat un analiz€t siltumizolacijas materialu izgatavoSanai piemerotas neausto
materialu izgatavoSanas metodes un tehnologijas, veikt to salidzinoSu analizi;

2. Veikt neausto materialu eksperimentalu paraugu izstradi laboratorijas apstaklos no divu
kanepaju skirpu skiedram ar trim augstas produktivitates tehnologijam;

3. Testét un novertet izstradato paraugu siltumizolacijas materialus raksturojosas fizikalas

pasibas;



4. Apzinat un sistematiz€t citu globalaja tirgt esoSu siltumizolacijas materialu 1pasibas un
salidzinat ar pétijumu rezultata izgatavotajiem paraugiem;
5. Veikt piedavato neausto siltumizolacijas materialu ekonomisko novert€§jumu un

salidzinat ar globalaja tirgt esoSo kanepju Skiedru izolacijas materialu cenam.

Temas aktualitate:

Latvija kopS 2008.gada noveérojama augoSa interese par industrialo kanepju
audzesanu. Pieprasijumam péc kanepju tehniskajam Skiedram globalaja tirgt ir tendence
picaugt. Ta ka nozare Latvija ir jauna un p&dg&jo divdesmit gadu gaita zaudéta pieredze un
neausto tehnisko tekstiliju razosanas tradicijas, ir kluvusi aktuala nepiecieSamiba veikt
kompleksus zinatniskos pétijumus verstus uz Latvija audzétu kanepju Skiedru parstrades
iesp&ju izpeti un ilgtsp&jiga izstradajumu sortimenta veidoSanu ar augstu pievienoto
vertibu.

Lai atjaunotu s€klu un Skiedru kanepju audz&Sanu Latvija, balstoties uz viet&jiem
kloniem tiek veidota seklu kanepju Skirne ,,Piirini”, tas Skiedras bis blakus produkts. Pilna
risingjuma veidoSanas procesa javeic atbilstoSi pétijumi, kuru rezultatd var nodroSinat
zemniekiem un uznémgéjiem iesp&jas ne tikai ieglt un parstradat seklas, bet ar1 stiebrus
produktos ar iesp&jami augstu pievienoto vertibu. Viens no iespgjamiem problému loka
risinaSanas virzieniem - siltumizolacijas materialu izveidoSana balstoties uz viet&jam, atri
atjaunojamam izejvielam piedava ari ieguvumus ekologijas joma, paverot iesp&ju uzlabot
dzives un darba vidi, ka arT aizvietot fosilo izejvielu bazes siltumizolacijas materialus.

No tautsaimniecibas attistibas veicinaSanas skata punkta promocijas darba veiktie
petijumi, salidzinot Latvijas klimatiskajiem apstakliem atbilstoSas s€klu kanepju ,,Piirini”
Skiedru tehnologiskas 1pasibas ar Eiropa rajonizétas industrialas Skiedru S$kirnes
,Bialobrzeskie” Skiedru 1pasibam un piedavatie izolacijas materialu prototipi, kas iegiiti
piem@rojot neausto materialu tekstiltehnologijas, un to ekspluatacija svarigu ipasibu
salidzinoSas analizes rezultati dod biitisku ieguldijumu problému kédes ,,zemnieks-sekla-
lauks-produkts-lietojums” risinajumos.

Izstradato tehnisko tekstiliju - siltumizolacijas materialu prototipi motive
zemniekus paplaSinat kanepaju audzésanu, uznémeéjus atjaunot neausto materialu razoSanas
tradicijas Latvija, tadg€jadi sekméjot gan lauksaimniecibas, gan riipniecisko attistibu, ka art

razoto produktu eksportu.

Promocijas darba praktiska nozime:
Promocijas darbs sniedz priekSstatu par kanepju Skiedru neausto siltumizolacijas
materialu izgatavoSanas tehnologiju lietojumiem. P&tfjuma rezultati ir izmantojami
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tehnisko tekstiliju raZzoSanas un sortimenta planoSana, ipasi noderigi kanepju Skiedru
neausto materialu razoSanas uzsacgjiem vinu praktiskaja darba. Darbs pamato un
nostiprina kapepju audzéSanu un parstradi ka svarigu jomu Latvijas tautsaimnieciba,
piedava integrétu pieeju lauksaimniecibas un parstrades sinhronai attistibai, ka arT neausto
siltumizolacijas materialu prototipus, to Ipasibu salidzinoSas analizes rezultatus un
test€Sanas metozu aprakstus potencialajiem investoriem un uzpéméjiem. Dazadie darba

apskatitie aspekti izmantojams profesionalas izglitibas sist€éma.

Promocijas darba novitate:

Latvija lidz S8im veikti dazi fragmentari petijjumi par kanepju Skiedru
siltumizolacijas materialu sastavu iesp&jamiem variantiem, paraugus izgatavojot ar loti
amatnieciskam tehnologijam, nosakot tikai dazas to ipaSibas. Promocijas darba veiktie
kompleksie petfjumi, saistot Skiedru izcelsmi un neausto materialu riipnieciskas
izgatavoSanas tehnologijas (termoliedéSanas, cauradato$anas un caurstrikloSanas) ar
neaustu siltumizolacijas materialu lietojumiem atbilstosam ipasibam un to salidzinoSa
analize, ka ar1 piedavatie izolacijas materialu prototipi, t.sk. no Latvijas genotipa ,,Plrini”
Skiedram, ir témas novitates veérstas uz aktualu tautsaimniecibas un ekologijas problému
risindjumu mekl&jumiem gan Latvija, gan arl citas ES valstis. Darba pieradits: lai ar1
kanepju genotips ,,Purini” ir izteikta s€klu Skirne, tas Skiedras ir lidzvertigi izmantojamas
izolacijas materialos nodroSinot nepiecieSamas funkcijas un kompensé zemaku stiebru
masu ar bagatu seklu razu, kas ir vertiga izejviela partikas un tehnisku produktu

izgatavoSanai, ka ar1 var nodroSinat nakosas sezonas s€jplatibas ar seklu.
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1. SITUACIJAS ANALIZE

Uzmaniba, kas vérsta uz klimata parmainam, vides un veselibas veicinasanas
jautajumu aktualiz€Sanas, efektivaku resursu izmantoSana, ir radijusi pastiprinatu tendenci
pieversties dabiskam, atjaunojamam, biologiski noardamam izejvielam, t.sk., liksnes
Skiedrai. Eiropas Ekonomikas un socialo lietu komiteja rosina veicinat dabas skiedru, t.sk.,
linu, kanepju, vilnas, celulozes Skiedru un biopoliméru razoSanu, lai nodroSinatu ar
vietgjam izejvielam daudzveidigas tautsaimniecibas jomas. Potencialu turpmakai dabisko
Skiedru, iznemot kokvilnu, izplatibai un izmantoSanai dazadu produktu, t.sk., €ku
siltumizolacijas materialu razoSana veicina art strauji pieaugosais iedzivotaju skaits, kur uz
vienu iedzivotaju gada vidgji tiek patéréti aptuveni 12.2 kg Skiedru. Sintetisko Skiedru
pieaugosas izmaksas arT ir palielinajusas pieprasijumu péc dabas skiedram.

Ka viens no efektiviem resursu izmantoSanas virzieniem ir energijas izlietojuma
samazinasana, kur bitisks potencials ietaupfjumam ir €ku sektora, kas izlieto 40 % no ES
kopgja energijas patérina. Ka zipots Eiropas Parlamenta un Padomes direktiva
,»2010/31/ES par &ku energoefektivitati”’, ES lidz 2020. gadam energijas patérins
jasamazina par 20 %. Uz samazinajumu, ko var panakt €kas labak izolgjot, vérstas ar1 LR
un ES normativajos dokumentos sniegtas norades. Neausto materialu izgatavosana
izmantojamo neatjaunojamo resursu pilniga vai vismaz dalgja aizvietoSana ar
atjaunojamiem izejvielu resursiem, piemérojot esosas tehnologijas, rada iesp&ju izmantot
kanepju Skiedras siltumizolacijas materialu razoSana. Péc EIHA datiem uz 2009./
2010.gadu ES sarazoja 35’000 tonnas kanepju Skiedru, no kuram 25.9 % tika parstradatas
siltumizolacijas materialos.

Pozitivie argumenti kanepju Skiedru izmantoSanai izolacijas materialos ir to siltuma
un skanas izolacijas 1paSibas, pozitiva ietekme uz iekStelpu mikroklimatu, Gdens tvaiku
caurlaidiba (,,elpojosi), kondensata kontrole, pietiekoSa noturiba pret mikroorganismiem,
iesp€ja uzstadit bez aizsargtérpu un respiratoru izmantoSanas. Ka svarigs aspekts ir ari to
ekologiskas ipasibas, t.i., zems energijas patérin$ un siltumnicas efektu veidojoso gazu
ietaupijums visa produktu dzives cikla laika, otrreiz€jas parstrades iesp&jas, degot tie
nerada toksiskas vielas. Bez tam kanepju ieklauSana augu seka uzlabo augsnes struktiiru un
tas var audzet bez vai ar nelielu méslojuma devu, bez augu aizsarglidzeklu lietojuma.
Pieaugosa interese par kapepeém dal€ji radusies arT sakara ar to, ka visa pasaulé strauji

pieaug mezu izcirSana; bez tam no kanepju hektara var iegiit Cetras reizes vairak
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Skiedrvielu neka no kokaudzém, viens ha kanepju augSanas laika absorbé lidz 18t COy,
viena tonna zavetu kanepju tiek uzglabati 325 kg CO..

Pie ierobezojosiem faktoriem pieskaitamas biezakas sienu konstrukcijas, ka ari
papildapstrades, lai nodrosinatu ugunsdrosibas normativiem atbilstoSas degSanas ipasibas.
Bez tam kapepaju meércéSana rasa aiznpem lielas platibas, savukart merc€Sana udens
baseinos piesarno tdeni, radot papildizmaksas attiriSanai. Pirmreiz€jas apstrades procesos
rodas daudz puteklu, tomér tie salidzinosi lielo izmé&ru d€] neieklist dzili organisma, lidz ar
to ir mazak kaitigi.

Lai gan sintétisko Skiedru neaustajiem materialiem ir vairakas pozitivas Tpasibas,
tomer atSkiriba no atjaunojamo resursu Skiedru materialiem, tie degot izdala kaitigas gazes,
ka art ieklasanas un lietoSanas laika izdala kaitigus puteklus, vairums gadijumos nav
biodegradéjami un tvaiku caurlaidigi vai relativam mitrumam paaugstinoties un
samazinoties, materials nespgj absorb& mitrumu no atmosfeéras un to atbrivot, kas
nenovers kondensata un peléjuma draudus.

Neskatoties uz atjaunojamo un neatjaunojamo izejvielu plusu un minusu attiecibas,
Sobrid vairak neka 80 % no Skiedram, ko izmanto tehnisko neausto materialu razosana, ir
sintétiskas Skiedras. Pieejami dazadi patenti ari uz dabisko S$kiedru, t.sk., kanepju
siltumizolacijas materialiem un to izgatavoSanas metodém. CauradatoSanas un
caurstriiklosanas tehnologijas sniedz iesp&ju razot neaustos materialus bez sintétiskam
saistvielam, izmantojot vien dabiskas Skiedras. CauradatoSana ir popularaka neausto
materialu tehnologija, ar to izgatavo 30 % no pasaules neaustajiem materialiem, t.sk.,
siltumizolacijas lietojumiem. Process notiek caurSujot ar paSa materiala Skiedram.
Caurstriklosana, ka ]oti augstraziga tehnologija Skiedru sasaistei ar augsta spiediena tidens
striklam ir visstraujak augos$a neausto materialu tehnologija, paredz iegit loti planus un
blivus neaustos materialus, bet pret€ji cauradatosanas un termoliedéSanas tehnologijam,
nedod iesp€u ieglt biezus neaustos materialus. Patenti apraksta dazadus ar
caurstriklo$anas tehnologiju ieglistamus neausto materialu lietojumus €ku siltinasanas
joma, kur ka izejvielas izmantotas kanepju Skiedras, piem., sienu apSuvumi, sist€émas
elements caurlaidiga izolacijas materiala razoSanai u.c. Savukart, izmantojot
termoliedéSanas tehnologiju, skiedram, kas iegiitas no atjaunojamiem resursiem, pievieno
vismaz 5 % saisto§as $kiedras (tas var biit gan sintGtiskas, gan dabiskas). So tehnologiju
siltumizolacijas materialu izgatavosana lieto tadas firmas ka Hemp Technology Ltd
(Lielbritanija), Biofib'lsolation (Francija), Steico (Polija), HempFlax Deutschland GmbH
(Vacija), Nature Pro (Lielbritanija), Black Mountain Insulation Ltd (Lielbritanija) u.c.
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Liuksnes Skiedru izolacijas materialu kalpoSanas laiks ir pusgadsimts. Luksnes
Skiedras var pildit siltumizolacijas materialu galveno funkciju, t.i., samazinat siltuma
parnesi, jo tam ir poraina struktiira, mazs diametrs, un zems Skiedru blivums. Celulozes
bazes neausto materialu siltumizolacijas Tpasibas ietekme gan Skiedru IpaSibas, gan neausta
materiala fizikalas un strukturalas ipaSibas. Pieradits, ka pat viena tipa kultiras (piem,
kanepju) ietvaros, $kirnes ietekme var izpausties ka izmainas siltuma parnesé. Skiedru
siltumvadamibai, diametram, garumam un Skiedru orientacijai ir svariga loma neausta
materiala siltumvadamiba: smalkakas Skiedras ar mazaku diametru palielina absorbcijas
platibu, Iidz ar to izolacijas sp&ju. Tapec izstradajot materialus, svarigi zinat ne vien
neausto materialu, bet arT kanepju $kiedru Tpasibas. Skiedru Tpasibas ietekmé gan $kirne,
gan augSanas apstakli, gan klimats u.c. Sameéra ne tik ilgstosa kanepju audzeSanas pieredze
rada, ka Latvijas klimatiskajos apstaklos labi iedzivojas Polija izveidota tehnisko Skiedru
vienmajas kanepju Skirne “B”, tomér problémas rada tas salidzino$i garais vegetacijas
periods, kas Latvijas klimatiskajos apstaklos rada virkni risku: nenobriest seklas nakosajai
s€jai, sakoties lietus periodam nav iesp&jams novakt stiebrus un tie jaatstaj uz lauka lidz
pavasarim, aizkav€jot lauka apstradi, ka ar1 pazeminot pavasari novakto stiebru kvalitati.
Mingto risku mazinasanai vélams izveidot/ atrast klimatiskajiem apstakliem atbilstosu
kanepju Skirni balstoties uz kloniem, kas piemérojusies klimata specifikai. Spriezot pec
l1dz8ingjiem pétijumiem, no 25 potencialiem kandidatkloniem Latgales Lauksaimniecibas
zinatnes centra izdalitais lokalais divmaju genotips “Piirini” vért€§jams ka daudzsoloSs
Latvijas Kklimatiskajiem apstakliem atbilstosas s€klu Skirnes prototips, kas atkartotas
selekcijas procesa varétu kluit arT par seklu-skiedru Skirni, ta ka gan “Bialobrzeskie”, gan
“Parinu” THC saturs neparsniedz 0.05% (noteikts 2010. un 2011. gada razai), kas pilniba
atbilst ES pielaujamajam normam. Pagaidam genotips ,,P”” vél nav ieklauts kanepju Skirnu
saraksta, kam ir tiesibas uz atbalsta maksajumiem. Lai to attistitu par Skirni, kas ieklauta
ES industrialo Skirpu saraksta, ka arT noteiktu un attistitu iespgjamos tas lietojumus, javeic

vispusigi pétijumi un salidzinoSas analizes.
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2. MATERIALI UN METODES

SalidzinoSiem pétijumiem darba ietvaros paklauti 2 Skirnu Latvijas klimatiskajos
apstaklos Latgales Lauksaimniecibas zinatnes centra izmé&ginajuma laucinos 2009. un
2010. gada vegetacijas perioda [6-8] audzéti kanepaji: 1) vietgjais divmaju genotips
LPurini” (P); 2) Polija selekcionéta, ES registréta vienmaju Skiedru kanepju Skirne
,Bialobrzeskie” (B). Neausto materialu paraugi izgatavoti no 2010. gada audz€tiem
kanepajiem un to fizikalas 1pasibas test€tas Leeds universitates Tehnisko Tekstiliju centra
laboratorijas un RTU TTDI tekstilmaterialu laboratorijas. Skiedru testiem paklautas 2009.
gada vakuma kanepju Skiedras.

Karsto Skiedru fliss izgatavots uz mazgabarita nestandarta karSamas masinas
Tatham. Pirms karSanas no tehnisko skiedru gristém kemmgéjot atdaliti spali ar sekojosu
sagrieSanu 5- 10 cm garos saiSkos (roku darbs). No P un B varietaSu Skiedru flisa
termolied€Sanas, cauradatoSanas un caurstritkloSanas tehnologiskaja procesa iegiiti neausto
materialu paraugi. Eksperimentu gaita katras tehnologijas ietvaros izgatavotas 3 dazada
biezuma paraugu grupas (caurstriiklo$anas tehnologijas gadijuma 4), lai novértétu to
paredzamajam lietojumam svarigas ipasibas, ipasibu atskiribas tehnologijas ictvaros, ka ari
analiz&tu tehnologiju ietekmi uz ieglito materialu ipasibam. Katram variantam pieskirts 3-
zimju kods: koda pirma zime - P vai B norada kanepju Skirni, otra koda zime identificé
izgatavosanas  tehnologiju: T- termoliedétajiem, N- cauradatotajiem un H-
caurstriiklotajiem paraugiem, bet tresas koda zimes cipari 1, 2, 3 vai 4 tiek pievienoti ka
flisa masas raksturojums.

Flisa forméSanas procesa termoliedéSanai uz karSanas masinas ieejas
transportgalda viena virs otras kartotas kapepju un divu komponensu PE-PP Skiedras
attiectba 92:8 %. Sagataves pirms ievietoSanas zaveSanas kamera parvieto speciali
eksperimentam izgatavota biezumu ierobezojosa metala rezgu paligiericé, lai iegitu
vienmeérigu biezumu visa parauga platuma un kopa ar to transporte uz ZaveSanas iekartu
»Spooner”. Tur sagatavi apstrada no augSas ar karsta gaisa plismu (145°C), apstrades
ilgumu nosaka atbilsto§i parauga biezumam (1 min. uz katru materiala biezuma
centimetru). Procesu atkarto parauga otrai pusei. Rezultata T1 paraugu apstrade ilga 2
mintites, T2 - 4 min., biezako T3 paraugu termoliedeSanas process ilgst 20 miniites (10
min. no katras puses). Cauradatosana veikta uz 30 cm platas cauradatosanas iekartas
“Foster” ar pamiSus sakartotam 36 izméra regularam 3-zobu adatam (kata gabariti: 15- 18 -
42); adatu iespieSanas dzilums 6.4 mm no katras sagataves puses, diirienu blivums 75cm™.

Katra karsta sagatave cauradatota atseviski ar sekojoSu savietoSanu slanos. legiitos
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vairakslanu paraugus papildus necauradato. Sada laboratorijas tehnologija piemérota ar
mérki iegit vélamo biezumu no ierobezota Skiedru apjoma. CaurstriikloSana veikta uz
0.5 metrus platas septinu inzektoru iekartas. Sakotn€jai samitrinasanai paklautas sagataves
nonak uz caurstrukloSanas darba zonu, kura caur 150 mikronu diametra sprauslam tiek
padots tidens zem 100 baru (10 MPa) spiediena parmaingus no augsas un apaksas profiliem.
Konveijers darbojas ar atrumu 5 m/min. Tilit péc caurstruklosanas lielu dalu gatava
materiala idens satura aizvada atstikn&jot, atlikuSo zave iekarta ,,Spooner”.

Pirms neausto materialu fizikalo paSibu test€Sanas materialu paraugi vismaz 24
stundas izturéti klimatiskaja kamera atbilsto$i standarta EN 20139:1992, ISO 139:1973 [9]
nosactjumiem. legiitie rezultati apstradati matematiskas statistikas metodeém, sakaribas
att€lotas grafikos, aprakstitas ar matematiskiem modeliem.

Neausta materiala biezums noteikts saskana ar standartu EN ISO 9073-2:1997.
[10] Datu savstarpgjas savietojamibas noliika visu biezumu materialiem lietota standarta
metode ,,C” ar nelielam modifikacijam. Caurstriikloto paraugu meérjjumi veikti uz iekartas
»Shirlay”, kur iekartas platne iedarbojas ar 0.02 kPa lielu spiedienu uz paraugu, t.i., ar 10
gramu lielu masu uz 50.2 cm? lielu caurstriklota materidla parauga laukumu. Novirzes no
standarta procediras: 1) eksperimentd test§jamo paraugu izmé&ri 100x100 mm (p&c
standarta 200x200 mm); 2) stikla mériSanas plaksne (200mm +/- 0.2 mm) x (200mm +/-
0.2 mm) ar masu 82 +/-2 g aizvietota ar 100x100 mm kartona plaksni. Virsmas blivums
(g/m?) noteikts atbilstodi standartam LVS EN 29073-1:2001, [11] izgatavojot 10 000 mm?
lielus paraugus standarta noradito 50 000 mm? paraugu vieta. 5 katra varianta paraugi
svérti uz elektroniskajiem svariem ar precizitati 0.001. Neausto paraugu blivums (kg/m°)
aprékinats, virsmas blivumu (materiala masu uz laukuma vienibu) izdalot ar materiala
tilpumu. Siltumpretestiba (m*-K/W) noteikta atbilstosi standartam BS 4745:2005 [12] p&c
divu platnu metodes ar fiks€tu spiedienu. Gaisa caurlaidiba (mm/s) saskana ar standartu
LVS EN ISO 9237:2001 [13] veikta uz aparata ,,SDL ATLAS Textile Testing solutions”.
No katras causrstriikloto paraugu grupas testéti 10 paraugi (100 mm x 100 mm) pie gaisa
spiediena starpibas 50 Pa un testéSanas laukuma 5 cm? No iegitajiem mérfjumiem
aprekinata gaisa caurlaidibas vidgja aritmétiska vertiba (I/ min) un gaisa caurlaidibas
koeficients. [13] Udens tvaiku caurlaidiba noteikta saskana ar standartu BS 7209:1990.
[14] Testesanas procesa paraugus rot€ 1 h, lai panaktu fidens tvaiku vienmérigu sadalijumu
parauga tilpuma, pec tam tos sver ar precizitati 11dz 0.001 g, fiks€jot datus salidzinaSanai ar
gala datiem, kas iegiiti turpinot diska rot€Sanu kontroléta atmosfera vel 16 h. Periodiski

sverot traukus, tiek izsekota tidens tvaiku kustiba un izsiik§anas temps cauri paraugam. Lai
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piemé&rotu metodiku biezakajiem neaustajiem materialiem, trauka malas parklaj ar planu,
atri ciet§joSas limes slani un uz ta uzmanigi novieto paraugu; ta argjas malas aizklaj ar
gaisu un mitrumu necaurlaidigu materialu, lai izvairitos no gaisa un mitruma iek]iiSanas un
izklGiSanas caur parauga malam. Caurstriklotos paraugus nelimé, bet nostiprina ar gumijas
gredzenu. Neausto materialu vidéjo poru izméri noteikti ar Skidruma izspieSanas metodi,
ko parasti pieméro, ja poru aptuvenais diametrs ir robezas no 0.05 pm lidz 50 um. Paraugu
test€Sana veikta péc Leeds universitaté (Lielbritanija) izstradatas metodikas uz iekartas
“Perm Porometer”, izmantojot skidrumu “Galwick” ar virsmas spraigumu 15.9 dini/ cm.
TestéSanai paklauti abu Skiedru caurstrikloto materialu H2 un H4 paraugi, ka ari
termolied&to materialu planakie paraugi T1. Izgatavoti pieci 400 mm? laukuma (20 mm x
20 mm) paraugi no katra varianta. Pirms eksperimenta uzsaks$anas datorprogramma ievada
parauga biezumu un $kidruma veidu. Starp metala rezgiem fiks€to paraugu ievieto speciala
trauka, lej uz ta Galwic Skidrumu lidz paraugs samirkst. Trauku noslédz un ievieto iekarta.
Rezultatus iegiits Excel programmas datn€, kur katram paraugam uzradits vid€jais poru
diametrs mikronos. Neausto materialu porainiba P (%), kas raksturo gaisa spraugas
neaustaja materiala, noteikta saskana ar vienadojumu: P = 100 — &/ p x 100, [15; 16] kur
P- neausta materiala porainiba, %; p Skiedras blivums, kg/m3; 0 neausta materiala blivums,

kg/m®. Neausto materialu ugunsreakcijas parbaudes veiktas ar konisko kalorimetru 50

kW-m siltuma starojuma atbilstosi standarta LVS 1SO 5660-1 [17] metodikai. Testgjamo

paraugu izméri: 100x100 mm. Pirms ievietoSanas koniskaja kalorimetra katru paraugu no
piecam pusém ietin aluminija folija augsejo virsmu atstajot neaizsegtu, tadéjadi netraucgjot
uguns iedarbibai. Parauga neaizsegta virsma ir nepartraukti paklauta vienmeérigam siltuma
starojumam. Testu partrauc péc liesmu nodziSanas. Katrai paraugkopai testti standarta
noteiktie 3 paraugi. Datu apstrade veikta ar iekartai speciali izstradatu Cone CAL
programmas nodroSinajumu, kas analizé tadus datus ka aizdegSanas laiks, degSanas jauda,
kopgjais izdalitais siltuma daudzums u.c. parametrus, kas raksturo degSanas procesa norisi.
Kanepju Skiedru stipribas testi veikti uz skiedru rauSanas iekartas ,,PM-3-1" atbilstosi
iespiléSanas garumiem 3 mm, 10 mm un 20 mm. Test€Sanai paklauti 40 mm gari Skiedru
kili$i (masa 2 grami). Kapepju Skiedru kiliSu ilgizturibas testi daudzkarteja stiepe
veikti uz pulsatora ,,UB-5" piemérojot sekojosus test€sanas parametrus: stiepes ciklu skaits
250 min™, Skiedru iespiléSanas garums 20 un 30 mm, Skiedru kuliSu diametrs 0.04 mm,
amplitida 0.2 mm un 0.3 mm; slodzi 0.5 g vai 1 grams nodroSina katram paraugam
piestiprinot atbilstosu atsvaru. Skiedru kiiliu ilgizturiba noteikta paklaujot Skiedru kiilisus

pulsg€josas slodzes iedarbibai Iidz 1000 un 2000 cikliem, jo ir svarigi, lai Skiedras sp&tu
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pretoties atkartotam deformacijam, ko rada darba organi tehnologiskajos procesos,

savukart ekspluatacijas gaita izolacijas materiali S$adam iedarbibam netiek paklauti.
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3. REZULTATI

Eksperimentu gaita izgatavoti siltumizolacijas materialu paraugi no kanepju skirnu
Parigi (P) un Bialobrzeskie (B) Skiedram ar termoliedeSanas (T), cauradatosanas (N) un
caurstritkloSanas (H) tekstiltehnologiju. Katras tehnologijas ietvaros izgatavotas tris dazada
biezuma paraugu grupas un novertétas to &ku siltumizolacijas lietojumos svarigakas
ipaSibas, analizéta tehnologiju ictekme uz ieglito materialu paSibam, ka ari veikta
ekspluatacijas 1pasibu un izmaksu salidzinosa analize.

Eksperimenta ietvaros pétitas kanepju Skirnu Purini (P) un Bialobrzeskie (B) skiedru
puscikla un daudzciklu mehaniskas 1pasibas, salidzinot Skiedru stipribas raditajus un
Skiedru izturibas ciklu skaitu daudzkart€ja stiepe.

Termoliedeto siltumizolacijas materialu biezumam robezas no 10- 40 mm atbilstosais P
Skiedru materialu blivums ir par 4 lidz 5 kg/m® mazaks (3.1. un 3.2.att.), Gdens tvaiku
caurlaidiba par 7 lidz 8 % mazaka (3.3. un 3.4.att.), un vidgjie poru izméeri par 15 %
zemaki neka B Skiedru materialiem. Eksperimenta ietvaros P Skiedru materialu
siltumvadamiba (3.5. un 3.6.att.), varié diapazona no 0.031- Iidz 0.036 W/(m-K) (25.7 Iidz
41.7 kg/m® un no 0.029- 0.031 W/(m-K) B skiedru materidliem (29.6- 43.8 kg/m°), P
Skirnes paraugi aizdegas par 56% atrak, izdala par 26% lielaku siltuma daudzumu un

uzrada par 28% mazaku maksimalo degSanas jaudu neka B Skiedru paraugi.
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Biezums, mm Biezums, mm
3.1.att. Blivums ka biezuma f-ja (P) Yy = 3.2.att. Blivums ka biezuma f-ja (B) Yys =
10.168 + 8.0285In(Xpip) 18.262 + 6.9291In(Xpis)

kur:  Ypp. Ypg — termoliedéto paraugu blivums (kg/ m3),
Xpip: Xpig — termolied&to paraugu biezums (mm).
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kur: Yap, Y — termoliedéto materialu tidens tvaika caurlaidiba (%),
Xpip: Xpig — termoliedeto materialu biezums (cm).
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kur: Y. Yes — termoliedéto materialu siltumvadamiba (W/(m-K)),
Xpp: Xpg — termolied&to materialu blivums (kg/m°).

Cauradatoto siltumizolacijas materialu biezumam robezas no 6.5 lidz 32.7 mm
atbilstosais B skiedru materialu blivums ir vid&ji par 4.5 % mazaks (3.7. un 3.8.att.), un
tdens tvaiku caurlaidiba ir 1.3 reizes zemaka neka P Skiedru materialiem (3.9.att.). B
Skiedru materialu siltumvadamiba varié robezas no 0.028 lidz 0.033 W/(m-K) un no 0.028
1idz 0.040 W/(m-K) P Skiedru materialiem (3.10.att.). P Skiedru paraugu aizdegSanas laiks

ir par 50 % mazaks, bet par 17% mazak siltumu degot izdala B Skiedru materiali.
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3.7.att. Blivums ka biezuma f-ja (P)
Yip = 21.56 + 0.328Xyip - 0.003Xp;p>

3.8.att. Blivums ka biezuma f-ja (B) Yyg
= 15.497 + 3.565In (Xuis)

kur: Yyp. Y — cauradatoto materialu blivums (kg/mg),
Xpip: Xpig — cauradatoto materialu biezums (mm)
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3.9.att. Udens tvaiku caurlaidiba, mainoties
materiala biezumam
Y= 75.87 - 1.0488 Xpip
Ygae = 109.79 - 23.72In (Xyig)

3.10.att. Siltumvadamibas izmainas atkariba
no materiala biezuma
Yqp = 0.0167 + 0.0189 Xpip — 0.0032 Xpip”
Yqe =0.0232 + 0.0131 X,z — 0.0035 Xbi82

kur: Ygp, Ygs— cauradatoto materialu tidens tvaiku caurlaidiba (%),
Ysp: Y — cauradatoto materialu siltumvadamiba W/(m-K),
Xpip: Xpig — cauradatoto materialu biezums (mm)

Caurstritkloto P Skirnes skiedru materialu vidgjais blivums par 35%, vidgja tidens

tvaiku caurlaidiba (3.11. un 3.12.att.) par 5% parsniedz B skiedru materialu attiecigos

raditajus, ka ar to vid€jie poru izméri ir par 28% mazaki un vidgja porainiba par 1.9 %

zemaka (3.13. un 3.14.att.). P Skiedru materialu gaisa caurlaidiba ir par 20% mazaka (3.15.

un 3.16.att.), bet vidgja siltumvadamiba par 6% zemaka neka B $kirnes paraugiem (3.17.

un 3.18.att.); savukart B skiedru paraugi aizdegas par 32% lénak, degot izdala par 10%

mazak siltuma un sasniedz par 11% lielaku maksimalo degSanas jaudu neka P paraugi.
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3.11.att. Udens tvaiku caurlaidiba ka
biezuma f-ja (P)
Yp = 50.495 + 38.93xp;p- 7.9583Xpip

3.12.att. Udens tvaiku caurlaidiba ka
biezuma f-ja (B)

Yas = 330.88 - 140.81xyis + 20.111Xpis”

kur: Ygp. Y — caurstriklota materiala tidens tvaiku caurlaidiba (%),
Xpip: Xpig — caurstriklota materiala biezums (mm).
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3.13.att. Porainiba ka blivuma f-ja (P)
Ye = 100.26 - 0.0699%pp

3.14.att. Porainiba ka blivuma f-ja (B)
Yps = 100.18 - 0.0699x%,g

kur: Ypp. Ypg — caurstriiklota materiala porainiba (%),
Xpp: Xpg — caurstriklota materiala blivums (kg/ m3)
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3.15.att.Gaisa caurlaidiba ka biezuma f-ja,P
Ygp = 373.63 - 80.605Xpip

3.16.att.Gaisa caurlaidiba ka biezuma f-ja, B
YgB =872.37 - 160.1Xbi5

kur: Ygp. Ygg — caurstriiklota materiala gaisa caurlaidiba (m/s),
Xpip: Xpig — caurstriiklota materiala biezums (mm).
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3.17.att. Siltumvadamiba ka biezuma f-ja 3.18.att. Siltumvadamiba ka biezuma f-ja

(P) (B)
Yaup = - 0.015 + 0.0319%4p-0.0047Xpp” Y s = 0.0352 + 0.001xyp

kur: Ysp: Y - caurstriiklota materiala siltumvadamiba (W/(m-K)),
Xbip: Xpig — caurstriiklota materiala biezums (mm).

Caurstrukloto materialu vidéja tidens tvaiku caurlaidiba ir augstaka, poru izméri,
porainiba un siltumpretestiba zemaka neka attiecigie termolied&to un cauradatoto materialu
raditaji. Siltumvadamiba visa eksperimenta ietvaros vari€ no 0.028 Iidz 0.040 W/(m-K),
kas ir Iidzvertiga tadiem celtnieciba lietojamiem siltumizolacijas materialiem, ka
mineralvate (0.030 Iidz 0.045 W/(m'K). Termoliedétie materiali aizdegas visatrak,
caurstriiklotie vislénak.

Visu tris tehnologiju B skirnes $kiedru paraugi uzrada mazaku kopgjo izdalito siltumu
(THR), tai pat laika to maksimala degSanas jauda (HRRmax) ir augstaka neka P Skirnes

paraugiem (3.19.att. un 3.20.att.)., kas veicinas straujaku ugunsgréeka izplatibu.

10 o5 400
9 7382 T . 350 — 336
b= 573 6.5 B E 300 _— 284
S 6 - > — = 250 227
s . [ 52 ] X 00 1179 £4
X 4 —1 [ £ 150 -
I 3 1 0
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2 1 [ T

1 I 50 -
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BH4, PH4, BT2, BN2, PT2, PN2, PN2, PT2, BN2, BT2, PH4, BH4,
p=82 p=115 p=35 p=24 p=30 p=26 p=26 p=30 p=24 p=35 p=115 p=82

3.19.att. Kopgjais izdalitais siltums 3.20.att. Maksimala degSanas jauda

Varigjot kanepju Skiedru kiilisa iespiléSanas garumu robezas no 3 lidz 15 mm
konstatéts, ka lielakas parrausanas slodzes veértibas atbilst iespiléSanas garumam 3 mm, jo
Sis iespiléSanas attalums atspogulo elementarskiedru summaro pretestibu parrausanai

(3.21.att.). Palielinot iespiléSanas garumu tiek mérita garako elementarSkiedru parrauSanas
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pretestiba un 1so Skiedru pretestiba izvilkSanai no kompleksa, lidz ar to konstatéta

parrausanas slodze ir zemaka.

H Bialobrzeskie OParini
z
G 25
Rel 18,2 20
5 20 6
= 16,7 14,6154
® 15
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= 10 1
X
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g o . .
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7 3 10 20
Skiedru iespilésanas garums, mm

3.21.att. Purinu un Bialobrzeskie skiedru kuliSu vid€ja parrausanas stipriba

Izturibas ciklu skaitu daudzciklu stiepe galvenokart ietekm@ amplitiida, pie tam vairak
reagé Purinu Skiedras: palielinot amplitiidu no 0.2 lidz 0.3 mm, B Skiedru kaliu vidgjais
izturibas ciklu skaits samazinas par 19%, bet P - par 31%.

Iesp&jamo izmaksu analize rada, ka iegadajoties lietotas tehnologiskas linijas, 50 mm
bieza kanepju $kiedru izolacijas materidla (blivums 40 kg/m®, virsmas blivums 2000 g/m?)
pilnas izmaksas ir:

1) termolied&Sanas procesa 2.67 EUR/m? (viena maina) vai 2.37 EUR/m? (divas

mainas), skattt 3.22.att.un 3.23.att.;

2) cauradatofanas procesa 2.90 EUR/m? (viena maipa) vai 2.54 EUR/m? (divas

mainas), skatit 3.24.att.un 3.25.att.;

m PardoSanas un
administracijas
izmaksas

Materiali Materiali
0 13% )
19% m Darbaspéks 0% ® Darbaspéeks
4% _
1% Energija 5% \ Energija
7% o
. Kapitals 5 /°> Kapitals
4% / 64% 73%
5% = Telpu noma m Telpu noma

® PardoSanas un
administracijas
izmaksas

3.22.att. Termolied&to siltumizolacijas
materialu izmaksu strukttra, 1 maina

3.23.att. Termolied&to siltumizolacijas
materialu izmaksu struktiira, 2 mainas
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2% Energija
52%
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1%
E Telpu noma

m Pardo$anas un
administracijas
izmaksas

Materiali

13%

1% m Darbaspéks
40/\ »
Energija
2%
59% Kapitals

mTelpu noma

m PardoSanas un
administracijas
izmaksas

3.24.att. Cauradatoto siltumizolacijas
materialu izmaksu struktira, 1 maina

3.25.att. Cauradatoto siltumizolacijas
materialu izmaksu struktiira, 2 mainas

Neskatoties uz to, ka termoliedéto materialu izmaksas palielina sastava ietilpstosas PE-
PP saistSkiedras un 10 reizes lielaks elektroenergijas patérins, aprékina izmantota
termoliedéSanas tehnologiska linija ir 4 reizes razigaka neka cauradato$anas linija,
rezultata termolied@to materialu pasizmaksa ir zemaka.

Caurstruklosanas tehnologiskas linijas iegades izmaksas ir Joti augstas, jo ta ir jauna un
komplicéta tehnologija, lietotas iekartas nav pieejamas; ar elektroenergijas patérin$ ir
stipri lieclaks. Neskatoties uz tas augstajam kapitala izmaksam un lielu energoietilpibu, ko
kompens€ iekartu produktivitate, caurstriiklo$anas tehnologiska linija lauj iegit 3 mm
biezu izolacijas materialu ar blivumu 60 kg/m3 un virsmas blivumu 180 g/m2
neparsniedzot 0.45 EUR/m? (viena maina) vai 0.31 EUR/m? (divas mainas), skatit
3.26.att.un 3.27.att.

Materiali
m Darbaspéks

30% Energija

m Udens patéring
TSN 1% = Kapitals
47,1% \_
| 3% mTelpu noma

0,003% ® Pardo$anas un

admin.izmaksas

Materiali
m Darbaspéks

Energija

45% 4 gdens patéring

35% Kapitals
® Telpu noma

0,005% | 2% ® Pardo$anas un
4% admin.izmaksas

3.26.att. Caurstriikloto siltumizolacijas
materialu izmaksu strukttira, 1 maina

3.27 .att. Caurstriikloto siltumizolacijas
materialu izmaksu struktiira, 2 mainas
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SECINAJUMI

Pirmo reizi veikti kompleksi pétijumi, analiz€jot Latvija audzetu kapepju Skiedru
(Skirnes ~ Purini, Bialobrzeskie) un neausto materialu  tekstiltehnologiju
(termolied€sanas, cauradatoSanas un caurstriikloSanas) piemeérotibu izolacijas materialu
izgatavoSanai un to ietekmi uz siltumizolacijas materialu 1pasibam.

Izstradati neausto siltumizolacijas materialu prototipi, pétitas to ipasibas un veiktas
ipasibu salidzinoSas analizes, kas sekmé kanepju Skiedru izmantoSanas un neausto
materialu nozares attistibu Latvijas tautsaimniecibas un ekologijas problému
risinajumu mekl&jumu konteksta gan Latvija, gan ari citas ES valstis.

Analizes razultata noskaidrots, ka neausto materialu tekstiltehnologijas lauj izgatavot
neaustos materialus no Latvijas klimatiskajos apstaklos audzetu kanepju Skiedram €ku
siltumizolacijas lietojumiem, kas ir konkurétsp&jigi ar lidzigu, uz dabigo materialu
bazes izgatavotu, tirgll pieejamu materialu siltumtehniskajam Ipasibam.

Petijums ir nozimigs solis kanepju Skirnu, to augSanas apstaklu un gala produkta
(siltumizolacijas materials) Tpasibu saiknes veidosana.

Darba pieradits, ka, lai arT Latvija selekciongts kanepju genotips Purini ir izteikta s€klu
Skirne, tomér Skiedras to atbilstoSo 1paSibu d€] ka blakusprodukts izmantojams &ku
siltumizolacijas materialu razoSana, kas lauj uzlabot uznémeéjdarbibas rentabilitati. To
var attistit ka Latvijas klimata Tpatnibam un vegetacijas perioda garumam atbilstosu
jauktu - seklu/ Skiedru rapniecisku skirni.

Veiktie siltumizolacijas materialu ekonomisko aprékinu rezultati liecina, ka patlaban
Latvijas tautsaimniecibai izmaksu =zina vairak piemérota ir cauradatoSanas
tekstiltehnologija, jo ta patéré mazak elektroenergiju, nav vajadzigas sintetiskas
saistSkiedras, pie patreiz&jiem kanepju audzeéSanas apjomiem Latvija ir nodroSinata ar
pietiekamu Skiedru daudzumu; iegiito kapepju Skiedru izolacijas materialu izmaksas
lauj noteikt konkur€tsp€jigu cenu salidzinajuma ar tirgii pieejamu augu izcelsmes un
kokskiedru skiedru materialu cenam.

Petijuma rezultati ir noderigs materials kanepju Skiedru neausto materialu raZoSanas
uzsacgjiem vinu praktiskaja darba, var tikt izmantoti ar1 profesionalas izglitibas
sisttma. Rezultati jau izraisjjuSi uzpe€méju interesi, kas plano esoSo kanepju
pirmapstrades Iiniju papildinat ar tehnisko tekstiliju razoSanas Iinijju. Tadgadi
uznémuma sarazotas Skiedras var@s realizét produkta ar pievienotu vertibu

izgatavosana.
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Petijumus iesp&jams attistit, meklgjot piemérotakas blivuma, biezuma,
siltumvadamibas attiecibas, varigjot saistvielu daudzumu, meklgjot ekologiskas un
ekonomiski izdevigas saistvielu alternativas, integréjot tehnologijas apstrades

ugunsdrosibas uzlabosanai.
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INTRODUCTION

Energy and raw material costs, an increase in environmental pollution, greenhouse
gas emissions, global warming, depletion of fossil raw materials stimulate to seek and
study alternative synthetic fibers and products made from them for full or partial
replacement. Renewable raw materials, including natural fibers, is the future storage of
resources with a variety of positive effects on both the planet ecosystem and the living and
working environment, and the energy consumption of delivering the required functionality.
One of the most important energy-saving types is to reduce energy consumption in
buildings by insulating them.

In 2012th the world fiber production increased to 88.5 million tonnes, it is increase
of 1.9 % over the year 2011. Of these, 32.5 million tons were natural and 56 million tons
synthetic fibers. On the other hand , the fiber volume reached 85.8 million tons, an increase
of 45 % over the previous year. This constitutes a significant growth acceleration
compared to the 1.7 % increase in the year 2011. [1] According to Global Industry
Analysts research data, which is positioned as one of the world's largest and most well-
known market research companies, it is expected that global textile market will reach 93
million tons until year 2015. [2] It is expected that the world population will continue to
increase from the current 7 billion people to about 9 billion in the year 2050. [3] In the year
2012 with fiber consumption of 85.8 million tons, worldwide each citizen consumed an
average of 12.2 kg of textile. [1] With the increase in population it is expected that the
global fiber demand will grow by an average of 3 % per year. [4] Consequently, the
demand for technical textiles including nonwoven insulation applications is and will be
growing.

Currently, the world's largest renewable fiber market part with a share of around
85% covers cotton. Of cotton is made about 40 to 50% of the textiles. [2] However, the
cotton fibers associated with high energy consumption and environmental pollution caused
by farming pesticides and herbicides used. Besides cotton suitable lands is declining in
India, China and Pakistan, which dominate the global cotton production. [2] Gradually,
evolve other natural fiber alternatives. Cellulose fibers (except cotton) production volumes
in the year 2012 was 10.2% higher than in the 2011, and reached 5.2 million tons. Overall,
this is the most dynamic fiber segment of the decade as the average annual growth rate
since year 2000 is 5.4%. [1]
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For Latvian conditions suitable fiber crops are historically grown fiber flax and
hemp. Within the framework of the studies hemp fibers are being used. Hemp compared
with flax less suffers of diseases and are less damaged by pests, so hemp cultivation is
practically free from use of chemical pesticides and herbicides. [5] This in turn reduces the
risk to the ecosystem. One of the most frequently mentioned industrial hemp raw materials
positive qualities is their very wide use, practically all plant can be used in manufacture of
products. Bast fibers are processed in the textile, paper, building materials, chemical,
automotive industries. All straw is used as a green mass in power sector, chemical
industry, shives are processed in building materials, in the power sector, chemical industry,
agriculture. From seed is produced oil for food, pharmacy, power sector, chemical
industry, agriculture.

Hemp fiber is traditionally processed mainly into woven textile applications, but in
recent decades increased interest has focused on the processing of non-woven technical
textile applications. Bast fibers insulation materials are considered to be eco-friendly
materials, which is one of the most important benefits.

Also for Latvia is important to look for ways how to produce sustainable products
by using local natural fibers. Current research explores the possibilities how to process in
the Latvia grown hemp into the non-woven materials for insulation applications.

Among the positive features of the hemp fibers use in the buildings insulation must
be mentioned low energy consumption, high carbon dioxide absorption throughout the life
cycle, made from renewable raw materials, good permeability properties of the material
which allows to maintain a positive indoor climate for health; good thermal performance
comparable to other in market existing insulation materials. Thus, hemp is considered as a
valuable culture that opens up opportunities for the development of both agriculture and

manufacturing.
The aim of the research work:

To perform complex research by evaluating the impact of non-woven technologies on the
hemp fiber insulation materials properties and to develop thermal insulation materials

prototypes of the local annual renewable resource base.
In order to implement the aim following tasks were defined:

1. To identify and analyze for the thermal insulation materials production suitable non-

woven materials development methods and technologies; to make comparative analysis;
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2. To undertake nonwovens experimental samples development under laboratory
conditions by using two varieties of the hemp fibers with three high-efficiency
technologies;

3. To test and evaluate physical properties of the developed samples;

4. To identify and systematize other in the global market existing insulation materials
properties and compare wiht results of the samples manufactured within research.

5. To carry out developed non-woven insulation materials economic assessment and

compare with in the global market existing hemp fiber insulation material prices.
Actuality of theme:

In Latvia a growing interest in industrial hemp cultivation has been observed since year
2008. The demand for technical hemp fibers in the global market tend to grow. As the
industry in Latvia is young and non-woven technical textile production experience in the
last twenty years has been lost, there is an urgent need for a multi-oriented scientific
research targeting on Latvian grown hemp fiber processing opportunities study and
sustainable final product assortment, with high added value, development.

To restore the seed and fiber hemp cultivation in Latvia, seed/ fiber hemp variety
Purini based on local clones is in ongoing creation process. Fibers will be a byproduct.
Full- solution making process requires to perform appropriate studies in the result of which
for farmers and businessmen can be offered opportunities to recycle not only the seeds, but
also the straws into the products with the highest possible added value. Research carried
out within these thesis makes an important contribution in chain of problems "farmer -
seed - field - product- application™ solutions. It includes for Latvian climatic conditions
suitable hemp seed "Purini" fiber technical characteristics comparison with European
variety "Bialobrzeskie" fiber properties, as well as development of insulation materials
prototypes by applying non-woven material textile technologies, and developed materials
properties comparative analysis results.

By developing technical textiles - insulation materials prototypes, and restoring
hemp cultivation and non-woven materials production traditions in Latvia, would ensure an
opportunity to promote both agricultural and industrial development, as well as
manufactured products export.

Selected theme topicality is also associated with fossil-based raw materials thermal
insulation materials harmful effects on human and environmental health reduction,
environmental condition improvement. One of the problem solving capabilities is
insulation materials creation based on the local, rapidly renewable raw materials.
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The practical importance of the thesis:

The thesis gives an overview of hemp fibers non-woven insulation materials
manufacturing technologies applications. The research results can be used in technical
textiles manufacturing and assortment planning. It is a useful material for hemp fiber
nonwovens manufacturing start-ups in their practical work. Study substantiates and
strengthens hemp cultivation and processing as an important field in the Latvian economy.
It offers an integrated approach to synchronous agricultural and hemp processing
development as well as non-woven insulation material prototypes, physical properties tests
comparative analysis results and the testing methods descriptions for potential investors
and businessmen. The various of considered aspects can be used in the field of the

professional education system.
The novelty of the thesis:

In Latvia so far have been undertaken few fragmentary studies on hemp fiber
insulation material compositions possible variants, where samples have been developed
with handicraft technologies and identifyed only some of their properties. Within these
thesis complex research studies were caried out by linking the origin of fibers and
nonwovens manufacturing production technologies (thermal-bonding, needle-punching,
hydro-entanglement) with non-woven heat insulation materials properties and their
comparative analysis, as well as proposed insulation materials prototypes, including those
made from Latvian genotype "Purini" fibers, are topic novelties. The direction is economic
and ecological problems solutions findings for both Latvia and other EU countries. The
paper demonstrates that although hemp genotype "Purini” is typical variety of seeds, the
fibers can be equivalently used in the insulation materials by providing the required
functions and offset the lower stem mass with abundant seed yield, which is a valuable raw
material for food and technical products production. Genotype "Purini* can also provide

seeds for the next sowing season.
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4. ANALYSIS OF THE SITUATION

Attention which is focused on climate changes, the environment and health
promotion issues concerns, a more efficient use of resources, has led to enhanced tendency
to focus on natural, renewable, biodegradable materials, including bast fibers. European
Economic and Social Committee encourages the promotion of natural fibers, including
flax, hemp, wool, cellulose fibers and biopolymers production to provide a manifold
economic sectors with local raw materials. The rapid growth in population also contribute
the potential for future of natural fibers, other than cotton, spread and use in various
products, including the insulation materials of buildings industries. In average is consumed
approximately 12.2 kg fibers per capita per year. Synthetic fibers rising costs have
increased the demand for natural fibers as well.

As one of the most effective resources use areas is the reduction of energy use,
where the potential for significant savings is in the buildings sector; it uses 40% of total
EU energy consumption. As reported in the European Parliament and Council Directive
"2010/31/EU about energy performance of buildings”, the EU has to reduce energy
consumption by 20% until year 2020. In the guidance provided of the Republic of Latvia
and EU regulatory documents it is also pointed out that reduction can be achieved by
insulating buildings. Non-renewable resources full or at least partial substitution with
renewable resources, by applying existing technologies, make it possible to use hemp
fibers in the non-woven insulation materials production. European Industrial Hemp
Association provided data of the years 2009/ 2010 shows that the EU produced 35'000 tons
of hemp fibers, 25.9 % of them were used in the insulation materials production.

Positive arguments of hemp fibers use in the insulation materials are their thermal
and sound insulation properties, the positive impact on the indoor microclimate, water
vapor permeability (“breathable™), condensation control, sufficient resistance to
microorganisms, ablility to install without the use of protective clothing and respirators. As
an important aspect is also their environmental performance, i.e., low energy consumption
and greenhouse forming gas savings across the whole life cycle, recycling options, they do
not cause toxic substances while burning. In addition, the hemp inclusion into the crop
rotation improves soil structure, and can be grown without or with a small amount of
fertilizers, no plant protection needed. The increasing interest in hemp has arise partly due

to the fact that in the world is rapidly increasing deforestation; in addition from hectare of
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hemp can obtain four times more fibers than from the trees and one hectare of hemp while
growing absorbes up to 18t of CO,, in one tonne of dried hemp is stored 325 kg of CO..

The restrictions include the need for thicker walls as well as to ensure fire
characteristics, adequate to fire safety regulations, additional treatment is required. Dew
retting of hemp occupy large areas, while soaking in water basins pollute the water, and it
purification is an additional expenses. Pretreatment processes produce a lot of dust, but
because they are relatively large, don't penetrate deep in the body, so are less harmful.

Although synthetic fiber non-wovens own a number of positive features, however
unlike the renewable resource fiber materials, by combusting they pass out harmful gases,
as well as, in the installation and period of the use, emits harmful dust. In the most cases
they are not biodegradable and vapor-permeable or by increase and decrease of relative
humidity, material can not absorb moisture from the atmosphere and release it. It does not
prevent condensation and mold threat.

In spite of renewable and non-renewable raw materials ratio of the pluses and
minuses, currently more than 80% of the fibers used in the manufacture of technical non-
woven materials are synthetic fibers. Various patents on natural fibers are also available,
including hemp insulation materials and manufacturing techniques. Needle-punching and
hydro-entangling technologies allow to produce non-woven materials with no synthetic
binders, using only natural fibers. Needle-punching is the most popular non-woven
material technology - 30% of the world's non-woven materials, including for insulation
applications, are produced with it. Process takes place by needle-punching with the own
material fibres. Hydro-entangling as a very high-performance technology with high-
pressure water jets is the fastest growing non-wovens technology. It is possible to produce
very thin and dense non-woven materials, but unlike needle-punching and thermal-bonding
technologies it does not allow to get thick non-woven materials. Patents describe a variety
by hydro-entangling technology obtainable non-woven applications in the field of thermal
insulation, where as a raw material are used hemp fibers. For example, wall facings
element, system element of permeable insulating material production, etc. On the other
hand, by using thermal-bonding technology, to fibers derived from renewable resources is
added at least 5% of binding fibers (may be both - synthetic and natural). This technology
is used in the manufacture of insulation materials by such companies as Hemp Technology
Ltd (UK), Biofib'lsolation (France), Steico (Poland) HempFlax Deutschland GmbH
(Germany), Nature Pro (UK), Black Mountain Insulation Ltd (UK), etc.
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Bast fibers insulation material lifetime is half a century. Bast fibers can fulfill the
main function of insulation materials, i.e., to reduce the transmission of heat, because they
have a porous structure, low diameter and low fiber density. Cellulosic non-woven thermal
insulation properties affect both - fiber properties and non-woven material physical as well
as structural properties. There is an evidence that even within one type of culture (e.g.,
hemp), effects of a variety can be manifested as changes in heat transfer. The thermal
conductivity, diameter, length and orientation of the fiber plays an important role of non-
woven material thermal conductivity: the finer fibers with smaller diameter increase the
absorption area, thereby insulating ability. Therefore, by developing materials, it is
important to know not only the non-woven material, but also the properties of hemp fibers.
The fiber properties are affected by the variety, growing conditions, climate etc. Relatively
not so long hemp growing experience has shown that in the Latvian climatic conditions
inhabits well in Poland established technical fibers monoecious hemp variety
Bialobrzeskie. However the problem is relatively long growing season. In Latvian climate
it creates a number of risks: seeds are not ripening for the next sowing season; with the
onset of rain period it is not possible to remove the straw and it should be left on the field
until the spring, delaying the processing of the field, as well as lowering the quality of the
straws harvested in the spring. To reduce these risks it is desirable to create/ find, for the
climatic conditions suitable, variety of hemp based on the clones which are adapted to the
specific climate of the nature. Based on existing studies, of 25 potential candidate clones,
the dioecious local genotype "Purini" released by the Latgales Agricultural Science center,
is eveluated as a promising for Latvian climatic conditions suitable seed variety prototype.
In the re-breeding process it could become the seed-fiber variety, as both "Bialobrzeskie"
and "Purini" THC content are not exceeding 0.05% (determined for yields 2010 and
2011), which fully comply with the EU permissible standards. The genotype Purini is not
yet included in the list of the hemp varieties who are entitled for support payments. To
develop it into the variety which is included in the EU list of the industrial varieties, as
well as identify and develop the potential of it applications, comprehensively research and

comparative analysis should be carried out.
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5. MATERIALS AND METHODES

Hemp fibres used in this study were obtained from hemp stems harvested from a
trial plot of Latgalian Agriculture Research Centre of Latvia; vegetation period 2009 and
2010 year: [6-8] 1) a local dioeciously genotype “Purini” (P); 2) in Poland breeded EU
registered monoecious industrial hemp variety “Bialobrzeskie” (B). The non-woven
samples made from the hemp of year 2010 and their physical properties were tested in the
Centre for Technical Textiles laboratories at University of Leeds and in the RTU textile
materials laboratories. Fiber tests were subjected of hemp obtained in year 20009.

To obtain non-wovens, P and B varieties fibers web's are produced by needle-
punching, thermal-bonding and hydro-entangling technologies. Parallel-laid webs were
prepared on laboratory type carding machine Tatham. Before fibers carding shives have
been separated, followed by fibres pre-cut to 5 till 20 cm in length (hand made). Through
experiments, within each technology 3 different thicknesses sample groups have been
made (for hydro-entanling technology - 4) to evaluate important properties of the intended
use, differences in the properties within the technology, and to analyze the impact of
technology on the resulting material properties. Each variant granted with a 3- digit code. P
or B added in the beginning of the code- indicates a variety of hemp, the second code mark
identifys the used technology: T- for thermal-bonded, N- for needle-punched and H- for
hydro-entangled samples, and the third mark code numbers 1, 2, 3 or 4 are added as the
web mass characteristic.

Within web formation process for thermal-bonding, on the carding machine's
transport table one above the other are arranged hemp and PE-PP bicomponent fibers with
respect of 92:8% to ensure equal PE-PP distribution in web. Before insertion in the drying
chamber webs are moved into the thickness restrictive metal wire device to get a steady
thickness across the width of the sample, and with it transported to the drying oven
"Spooner". Web has been processed from the top with hot air at 145°C, duration of
treatment is determined according to the thickness of the sample (1 min. per each material
centimeter). The process was repeated to the other side of the sample. As a result, the T1
sample treatment lasted for 2 minutes, T2 - 4 min., the thickest T3 samples thermal-
bonding process took 20 minutes (10 min. on each side). Non-woven specimens were
made from carded webs by means of needle-punching. Needle-punching was performed
on 30 cm wide sample needle loom with 36 gauge regular 3 barb needles. The needles
were arranged in the offset lines like a chess board. The shank gauge of the needle is 15 —
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18 — 42. Penetration depth of the needles — 6.4 mm on both sides. Punch density — 75
punches/ cm?. Average web dimensions used for needle-punching were 0.6 x 0.4 m. The
single-layered fabrics were combined to produce the multi-layered nonwovens. The
resulting multi- lyered samples were not additionally needle-punched. The aim of
developing multi-layered needle-punched structures was to obtain the desired thickness
with a limited number of fibres. Hydro-entangling was performed on a seven injector, 0.5
meters wide machine. Webs were pre-wetted and hydro-entangled using jet strips with a
nozzle diameter of 150 pm at 100 bar (10 MPa) applied in an alternating face and back
profile. The conveyor speed was fixed at 5 m/min. After hydro-entanglement a large part
of the non-woven samples water content was removed by pumping, the remaining was
dried in drying oven "Spooner".

Before the non-woven materials physical properties testing, all nonwoven samples
were conditioned under standard atmospheric condition EN 20139:1992, 1SO 139:1973.
[9] Obtained results processed with mathematical statistics methods, the relationship

illustrated in graphs, described by mathematical models.

Nonwoven thickness was measured according to the standard EN ISO 9073-2:1997
[10] where method "C" with slight modifications was adopted to all thicknesses materials.
Hydro-entangled samples tests were carried out on the machine "Shirlay” with uniform
pressure 0.02 kPa, i.e., 10 grams on 50.2 cm? big material sample area. Deviations from the
standard procedure: 1) test sample size of 100 x 100 mm (according to the standard should
be 200 x 200 mm), 2) measuring glass plate (200 mm +/- 0.2 mm) x (200 mm +/- 0.2 mm)
weighing 82 +/- grams substituted to 100 x 100 mm cardboard plate. Fabric mass per unit
area (g/m?) determined in accordance with standard LVS EN 29073-1:2001, [11] with
following modification: test area of the sample was 10 000 mm? instead of 50 000 mm?.
Five samples of each variant have been weighted using a balance with an accuracy of
0.001 grams. The density of the nonwovens (kg/m®) has been calculated by dividing the
nonwoven mass per unit area by the material volume. Thermal resistance (m?-K/W) was
measured according to standart BS 4745:2005 [12] by using two-plate method with fixed
pressure procedure. Air permeability (mm/s) tests in accordance with standard LVS EN
ISO 9237:2001 [13] performed on the machine "SDL Atlas Textile Testing solutions".
From each hydro-entangled samples group were tested 10 samples (100 mm x 100 mm) at
an air pressure differential of 50 Pa and a test area of 5 cm?. From obtained measurements
the arithmetic mean of air permeability (I/ min) and air permeability coefficient was

calculated. [13] Water vapour permeability was determined in accordance with BS
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7209:1990. [14] Within the test process samples were rotated for 1 h to ensure uniform
distribution of the water vapour, and are weighed to an accuracy of 0.001 g for comparison
with the final data obtained from further disk rotation in a controlled atmosphere for 16 h.
In order to apply the method to bulky non-wovens, sides of the dish were covered with a
thin, fast-drying adhesive layer and carefully placed a sample on it. Outer edges of the
samples were covered with the air and moisture-proof material to prevent air and moisture
penetration and escape through the edges of the sample. Hydro-entangled samples were
secured with a rubber ring instead of gluing. The non-woven mean pore size values
determined by liquid extrusion method, which usually applies when an approximate pore
diameter is in the range from 0.05 up to 50 pum. Testing of samples undertaken with
methodology developed at the University of Leeds (UK) on equipment "Perm Porometer"
using liquid "Galwick™ with the surface tension of 15.9 dyne/cm. Hydroentangled samples
H2 and H4 and thermobonded samples T1 of both varieties fibers were tested. Five
samples of 400 mm? area (20 mm x 20 mm) from each samples group were made. Before
beginning the experiment in a computer program was given the sample thickness and the
nature of the liquid. Sample fixed among the metal bars was placed in a special container
and poured with Galwic fluid to make it wet. The container is closed and placed in the
machine. Resultsc were derived from an Excel program file in which each sample
represents the mean pore diameter in microns. Porosity has been determined in accordance
with the following equation: P =100 - 6 / p x 100 [15; 16] where P = nonwoven material
porosity, %; p - fiber density, kg/m®; & - nonwoven material density, kg/m®. Reaction to
fire tests performed with conical calorimeter in thermal radiation of 50 kWem™ according
to standard LVS ISO 5660-1 [17] methodology. The test sample dimensions were 100 X
100 mm. Samples were tested in delimiting frame which covers a sample from five sides.
Prior to insertion into the Cone Calorimeter, sample had been put in the foil so that the
upper surface is opened and doesn't interfere to fire effects. The test was terminated after
the flame goes out. Data processing was performed with equipment specially designed for
Cone CAL software that analyzes data such as ignition time, Maximum heat release rate,

Total heat release and other parameters that characterize the combustion process.
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6. RESULTS

Insulation material samples have been made using hemp varieties Purini (P) and
Bialobrzeskie (B) by thermal-bonding (T) needle-punching (N) and hydro-entangling (H)
textile technologies. Within each technology the three groups of different thickness
samples (in case of hydro-enatangling technology - 4) were made and evaluated their most
important properties for building insulation applications, analyzed the impact of the
technology on the resulting material properties, as well as performed exploitation
characteristics and comparative cost analysis.

Research on hemp varieties Purini (P) and Bialobrzeskie (B) fibers half a cycle and
multi-cycle mechanical properties were carried out, by comparing the fiber characteristics
of strength and fiber durability cycles number in multiple tension.

Thermal-bonded insulation materials thickness in the range of 10 up to 40 mm,
corresponding P fibrous materials density is 4 to 5 kg/m® lower (Fig.6.1. and Fig.6.2.),
water vapor permeability is 7 to 8% lower (Fig.3.3. and Fig.3.4.) and the average pore size
is 15% lower than for B fiber materials. Within experiment P fibers materials thermal
conductivity (Fig.6.5. and Fig.6.6.) varies in the range of 0.031 up to 0.036 W/(m*K) (25.7
till 41.7 kg/m®) and 0.029 up to 0.031 W/(m+K) of B fiber materials (29.6 till 43.8 kg/m?).
Samples of variety P ignite 56% faster, shows 26% higher Total Heat Release (THR) rate

and produce 28% less Maximum Heat Release rate (HRRmax) than samples of variety B

fibers.
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Fig.6.1. Density as a function of thickness | Fig.6.2. Density as a function of thickness
(P) (B)
Y = 10.168 + 8.0285In(Xp) Yee = 18.262 + 6.9291In(x;s)

where: Ygp. Yqg — thermal-bonded samples density (kg/m®),
Xip: Xig — thermal-bonded samples thickness (mm).
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Fig.6.3. Water vapor permeability as a
function of thickness (P)
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Fig.6.4. Water vapor permeability as a
function of thickness (B)
Y s = 99.798-0.3645x5 + 0.0005x5>

where: Yyp. Yws — thermal-bonded samples water vapor permeability (%),
Xpip: Xpig — thermal-bonded samples thickness (cm).
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Fig.6.5. Thermal conductivity as a function
of the density (P)
Y = 0.0892- 3.6227X¢p + 56.358X¢p’

Fig.6.6. Thermal conductivity as a function
of the density (B)
Y = - 0.0062 + 1.9867Xy-26.452X45°

where: Yip: Yig — thermal-bonded samples thermal conductivity (W/(m-K)),
Xqp: Xgg — thermal-bonded samples density (kg/m®).

For needle-punched insulation materials thickness, in the range of 6.5 mm up to

32.7 mm, corresponding B fibrous material density in average is 4.5% lower (Fig.6.7. and

Fig.6.8.) and the water vapor permeability is 1.3 times lower than for P fiber materials

(Fig.6.9.). B fibrous material thermal conductivity vary in the range of 0.028 up to 0.033
W/(m-K), and from 0.028 up to 0.040 W/(m-K) for P fiber materials (Fig.6.10.). Samples P

ignition time is 50% shorter, and while burning 17% less Total heat releases B fibrous

materials.
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where: Ygp. Yqg — needle-punched samples density (kg/m®),
Xip: Xig — Needle-punched samples thickness (mm).
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Fig.6.9. Water vapor permeability changes Fig.6.10. Thermal conductivity changes

depending on the material thickness depending on the material thickness
Yup = 75.87 - 1.0488 xp Yep = 0.0167 + 0.0189 Xp — 0.0032 Xy
Ywe = 109.79 - 23.72In (X5) Yo = 0.0232 + 0.0131 X - 0.0035 X;5°

where: Ywp. Yus — needle-punched samples water vapor permeability (%),
Yiep: Yicg — Needle-punched samples thermal conductivity W/(m-K),
Xip: Xig — Needle-punched samples thickness (mm).

Hydro-entangled, P variety fibers materials avarage density is 35%, an average
water vapor permeability (Fig.6.11. and Fig.6.12.) is 5% higher than the B fibers materials
relevant indicators, as well as the average pore size is 28% less and the average porosity is
1.9 % lower (Fig.6.13., Fig.6.14.). P fibers materials air permeability is 20% lower
(Fig.6.15., Fig.6.16.), an average thermal conductivity is 6% lower compared to B variety
samples properties (Fig.6.17., Fig.6.18.). The B fibers samples ignite 32% slower, while
burning release 10% less total heat amount and reaches 11% greater Maximum heat release

rate than samples of variety P fibers.
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Fig.6.11. Water vapor permeability as a
function of thickness (P)
Yywe = 50.495 + 38.93Xp- 7.9583xp°

Fig.6.12.Water vapor permeability as a
function of thickness (B)
Yys = 330.88 - 140.81x + 20.111x.5°

where: Ywp: Yus — hydro-entangled samples water vapor permeability (%),
Xip: Xig — hydro-entangled samples thickness (mm).
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Fig.6.13. Porosity as a function of the
density (P)
Ype = 100.26 - 0.0699Xgp
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density (B)
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kur: Y. Yps — hydro-entangled samples porosity (%),
Xqp: Xg — hydro-entangled samples density (kg/m°)

450
W
2 400
=
£ 350
£ 300
9 250
(3]
E 200 *
L 150 Ty
< 100 e
50
2,0 2,5 3,0 35 4,0
Thickness, mm

450 A
0 8\
£ 400
E 380
)
£ 1300 %4
e
© <
© 250
£ 200
@
2 150
<< 100

50

2 25 3 35 4
Thickness, mm

Fig.6.15. .Air permeability as a function of
thickness (P)
Yqp = 373.63 - 80.605%p

Fig.6.16. Air permeability as a function
of thickness (B)
Yas = 872.37 - 160.1xg

kur: Ygap: Y — hydro-entangled samples air permeability (m/s),
Xip: X — hydro-entangled samples thickness (mm).
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kur: Yiep: Yieg - hydro-entangled samples thermal conductivity (W/(m-K)),
Xip: Xt — hydro-entangled samples thickness (mm).

Hydro-entangled materials average water vapor permeability is higher, pore size,
porosity and thermal resistance is lower than the corresponding thermal-bonded and
needle-punched materials parameters. Thermal conductivity throughout the experiment is
in the range from 0.028 to 0.040 W/(m-K), it is equivalent to such in the construction used
insulation materials as mineral wool (0.030 to 0.045 W/(m-K). Thermal-bonded materials
ignites the fastest, hydro-entangled the slowest.

Samples of variety B fibers made by all three technologies show a smaller total heat
release (THR), while the maximum heat release rate (HRRmax) is higher than the samples
of variety P fibers (Fig.6.19., Fig.6.20.), that will contribute to a more rapid spread of fire.
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Fig.6.19. Total heat release Fig.6.20. Maximum heat release rate

By varying the hemp fiber bundle clamping length between 3 and 15 mm was found
that the major breaking load values correspond to a clamping length of 3 mm, since this

clamping length reflects the combined resistance to breakage of the elementary fibers
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(Fig.6.21.). By increasing the clamping length was measured the longest elementary fibers

breaking resistance and short fiber pullout resistance of the complex, thus found breaking

load is lower.
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Fig.6.21. The average breaking strength of Purini and Bialobrzeskie fiber
bundles

Durability cycles are mainly dependent from amplituda value, in addition the more
sensitive reacted P fibers: with the amplitude increasing from 0.2 till 0.3 mm average
durability cycles of the fiber bundle decreases by ~ 19 % for the variety B and by 31 % for
the variety P.

The potential cost analysis shows that by purchasing used technology lines, 50 mm
thick hemp fiber insulation material (density 40 kg/m®, mass per unit area of 2000 g/m?)
full cost is:

1) in the thermal-bonding process 2.67 EUR/m? (one shift) or 2.37 EUR/m? (two
shifts), see Fig.3.22. and Fig.3.23;

2) in the needle-punching process 2.90 EUR/m? (one shift) or 2.54 EUR/m? (two
shifts), see Fig.3.24. and Fig.3.25.;
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Fig.6.22. Thermal-bonded insulation material  Fig.6.23. Thermal-bonded insulation material
cost structure, one work shift cost structure, 2 work shifts
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Fig.6.24. Needle-punched insulation material Fig.6.25. Needle-punched insulation
cost structure, one work shift material cost structure, 2 work shifts

Despite the fact that the thermal-bonded material costs increase PE-PP fibers and 10
times higher power consumption, for calculation used thermal-bonded technological line is
4 times more productive than needle-punched line, resulting in lower thermal-bonded
material costs.

Hydro-entangled technological line acquisition cost is very high, because it is a new
and complex technology, used machines are not available; the power consumption is much
higher as well. Despite high capital costs and high energy consumption compensate by
productivity, hydro-entangled technological line allows to obtain 3 mm thick insulation
material with a density of 60 kg/m® and mass per unit area of 180 g/m? not exceeding 0.45

EUR/m? (one shift) or 0.31 EUR / m? (two shifts), see Fig.6.26. and Fig. 6.27.
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Fig. 6.26. Hydro-entangled insulation
material cost structure, one work shift

Fig. 6.27. Hydro-entangled insulation
material cost structure, 2 work shifts
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CONCLUSIONS

For the first time a complex research was carried out by analysing Latvian grown hemp
fibers (a variety Purini and Bialobrzeskie) and non-woven materials textiletechnologies
(thermal-bonding, needle-punching and hydro-entangling) suitability for the
manufacture of the insulation materials and influence on their properties.

Non-woven insulation materials prototypes were developed, their properties were
explored and comparative analysis of the properties performed. It promotes the use of
the hemp fibers and non-wovens sector development in the context of the Latvian
economy as well as of the ecological problem solution searches both Latvian and in
other EU countries.

Analysis has shown that the non-woven textile technologies enables to make non-
woven materials from hemp fibre grown in the climatic conditions of Latvia for
buildings insulation uses which are competitive with similar, natural material based,
on the market available materials thermal properties.

This research is an important step in the link creation of the hemp varieties, growing
conditions and the final product (insulation material) properties.

The research demonstrates that, although Latvian breeding hemp genotype Purini is
typical seed variety, fibers due to their suitable characteristics can be used in the
production of thermal insulation materials for buildings as a by-product. It would allow
to improve business profitability. It can be developed as mixed - seeds/ fibres industrial
variety appropriate for the climate and vegetation period of Latvia.

The insulation materials economic calculation results indicate that, at the moment, for
the Latvian economy in terms of costs, more suitable is needle-punching textile
technology, because it consumes less electricity, synthetic binding fibres are not
required, with preset Latvian hemp production volumes shall be provided with a
sufficient quantity of hemp. Obtained hemp fibre insulation material costs enables to
determine competitive price compared to in the market available plant origin and wood
fibre material prices.

Results of the research is a useful material for hemp fibre non-woven materials
manufacturing startups in their practical work, can be used also in the vocational
education system. The results already have led to the interest of entrepreneurs who are

planning the hemp pretreatment line supplement with the technical textiles production
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line. Thus, the company will be able to realize produced fibers in the products with
added value production.

The research can be developed by looking for suitable density, thickness, thermal
conductivity relations; by varying amount of binders; by searching of a green and cost-

effective binder alternatives; by integrating technological treatments to improve the

handling of fire.
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