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MDF
UF
PF
PP

NaOH

FDH

PDH

Apziméjumi / Abbreviations

Leibniz-Instituts fiir Agrartechnik Potsdam-Bornim e.V.
Leibniz Institute for Agricultural Engineering Potsdam-Bornim
vidgja blivuma kokskiedru platne / Medium-density fibreboard
karbamid- formaldehida sveki / urea-formaldehyde resin
fenolformaldehida sveki / phenol-formaldehyde resin
polipropiléns / polypropylene
natrija hidroksids / sodium hydroxide
14 dienu konservéta un sausa kanepju auga maisijums /
Mixture of 14 days wet - preserved and dry hemp
365 dienu konservéta un sausa kanepju auga maisijums /
Mixture of 365 days wet - preserved and dry hemp
8 mm bieza FDH materiala platne / 8 mm thick FDH material board
16 mm bieza FDH materiala platne / 16 mm thick FDH material board
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stiepes relativais pagarinajums / elongation, %
platnes blivums / board density, kg/m®
Skiedru mitrums / fibre moisture, %
platnes uzbriesana / board swelling, %
stiepe perpendikulari plaknei / tensile strength perpendicular of plate,
lieces pretestiba / bending strength, MPa
elastibas modulis / modulus of elasticity, MPa
platnes tidens uzsuktspgja / board water absorption , %

siltumvaditsp€jas koeficients / thermal conductivity, W/mK



1. DARBA VISPAREJS RAKSTUROJUMS

Neskatoties uz strauji augoSu pétijumu apjomu un arvien jaunu produktu piedavajumu,
tai skaita platnu materialu joma, joprojam ir daudz neatrisinatu vai dal&ji atrisinatu problému,
ko rada netradicionalu dabas materialu integréSana platn€s, tai skaita nepiecieSamiba
nodroS§inat vienmeérigu izejmaterialu plismu ar noturigam fizikalam un mehaniskam ipasibam
visa gada garuma, saisinat tehnologiskos procesus, nodroSinat lietojumam atbilstoSas gala
produkta Tpasibas, minimiz&t energijas patérinu, atmosféras un vides piesarnojumu
izgatavosanas, lietoSanas un likvid€Sanas procesos, aizvietot pilnigi vai dalgji neatjaunojamus,
ilgstosi audz€jamus resursus ar atraudzigiem un razigiem.

Sobrid viens no Visvairak pétitajiem un dazadas riipniecibas jomas pieprasitajiem
atjaunojamiem resursiem ir lignocelulozes skiedru materiali, ko globali iegiist ~4 miljardus
tonnas ikgadg@ji; no tam apmé&ram 40 % nodro$ina lauksaimniecibas augi, 60 % mezi. Tai pat
laika mezu platibas sartk, atseviskas pasaules dalas to samazinajums jau parsniedz 80 %.
Neskatoties uz to, lidztekus arvien augo$am pieprasijumam péc platnu materialiem, aug
kokmaterialu patérins. Lai samazinatu Slodzi uz ekosisttmam un tai pasa laika nodrosSinatu
augoSo pieprasijumu péc videi draudzigiem produktiem, zinatnieku un praktiku uzmaniba
vérsta uz jaunu materialu izstradi, to sastdva ka komponentes ieklaujot tadas ikgadgji
atjaunojamas augu valsts izejvielas ka kanpepes, lini, cukurniedres, labibas salmi u.c. vai to
parstrades atlikumi.

Sai aspekta kanepes ir loti cerigs, tautsaimnieciski perspektivs kultiiraugs, kas ari
Latvijas augsné un klimatiskajos apstaklos lauj ieglit augstas stiebru razas un reizé€ ir vidi
atveselojos$s augs. Lai sekmigi risinatu kagepju reintrodukcijas problémas, nepiecieSama
virkne kompleksu risinagjumu, tai skaita klimatiskajiem apstakliem atbilstoSu Skirpu un
agrotehnisko kompleksu izstrade, novakSanas un pirmreiz€jas apstrades metozu un
tehnologiju izstrade, kas lautu pilniba tautsaimnieciski lietderigi izmantot visas auga dalas,
izejvielu plusmas nodroSinasana ar talakai parstradei atbilstosam, stabilam Tpasibam, jaunu
sabiedriski nepiecieSamu gala produktu, to izgatavos$anas un lietoSanas tehnologiju izstrade.

Viena no iesp&€jam samazinat riska faktorus un stabiliz€t augu valsts izejvielu 1pasSibas
ir to paklausana konservacijas procesiem, kas Iidz §im sekmigi lietoti partikas un lopkopibas
nozarés. Riipnieciski parstradajamu izejvielu konservacija ir jauns virziens, ta attistiSana un
atbilstosu tehnologisko aprikojumu izstrade 90-to gadu beigas wuzsakta Leibnica
Lauksaimniecibas p&tnieciskaja institata (ATB) Potsdama - Tomas Hoffman, Ralf Pecenka,
Christine Idler, Hans-Jorg Gusovius, Ljubomir Radosavljevic p&tijumos. No 1997. lidz 2005.

gadam liels darbs ieguldits kanepju auga sagatavosanas un konservacijas tehnologijas izstradé
8



bezgaisa vide, ka ar1 veikti eksperimenti ar dazadam saistvielam, koksnes skaidu komponensu
integréSanu platnpu materialu mehanisko ipasibu uzlaboSanai, tai skaita veikti m&ginajumi
veidot polipropiléna saistvielu platnes un kompozitus. Veikto pétijumu rezultata institiita
izstradata tehnologija kanepju novakSanai un uzglabasanai, veikti eksperimenti
fermentizacijas procesa raduSos smaku samazinaSanai, izstradata un materiala realizéta
unikala eksperimentala konservétu kapepju parstrades tehnologiska linija, patlaban ta tiek
testéta, pétita parstrades operaciju tehnologisko iekartu parametru ictekme uz flisa un platnu
paraugu ipasibam. LidzSin€jos pétijumos iegiti 10 mm biezi platnu paraugi ar maksimalo
blivumu 1140 kg/m®, kas satur konservétu kapepju un priedes kokskiedru komponentes
attieciba 6:4, eksperiment€jot ar tadam saistvielam ka pulverveida un $kidinata ciete, celuloze,
rapSa izspaidas, PLA (Poly lactic acid) skidums, glikoze, fenolformaldehida sveku (PF) Iime,
kas deva iesp€ju veikt salidzinoSu lieces izturibas analizi, ka ar1 novertet saistvielas efektus.
Paraugi ar augstako lieces pretestibu 48 MPa iegiiti ar PF saistvielu. Saméra maza uzmaniba
minéto autoru darbos Iidz Sim vérsta uz platnpu materialu un siltumizolacijas platnu prototipu

izstradi no 100 % kanepju flisa un to 1pasibu spektra izpéti.

1.1. Témas aktualitate

Neskatoties uz to, ka jau daudz ir paveikts, joprojam nepiecieSami daudzpusigi
pétijumi gan lai noskaidrotu parmainu raksturu, kas notiek kanepju konservéSanas procesa,
gan jaunu materialu izstrade un to ipasibu spektra novertgjumi, iesp€ju apzinasana to

uzlaboSanai, ka arT iesp&jamo lietojumu jomas apzinasana ir joprojam aktuala.

1.2. Promocijas darba merkis un uzdevumi

Izveidot inovativus platpu materialu prototipus, integréjot to sastava kanepaju
komponentes, kas iegiitas, izmantojot saisinatas tehnologijas kanepju stiebru parstradei
Skiedru-spalu maistjjuma.

Izveidot inovativus kompozitmaterialu prototipus, aizstdjot energoietilpigas
komponentes pilniba vai daléji ar ikgadgji atjaunojamiem, biologiski degradéjamiem
izejmaterialiem.

Merka sasniegSanai izvirzitie uzdevumi:

* balstoties uz publicétas un nepublicétas informacijas analizi, izveidot apskatu par
sagatavoSanas tehnologijam kanepju komponenSu integracijai platnpu materialos un
biopoliméru struktiiras;

» veikt saisinatas kanepaju parstrades rezultata iegiito izejvielu granulometrisko analizi

un apzinat to izmantoSanas iesp€jas platnu materialos;
9



*izstradat kompozitu un platpu materialu kompoziciju risinajumus, noteikt
tehnologiskos parametrus un testéSanas metodes;

* izgatavot paraugus, sagatavot tos testéSanai atbilsto$i standartiem/ metodikam;

» veikt paraugu testéSanu, iegtito rezultatu matematisku apstradi un interpretaciju;

» veikt salidzinoSu variantu fizikalo un mehanisko pasibu analizi;

* noteikt iesp&jamas piedavato materialu lietojumu jomas, formulét rekomendacijas.

1.3. Promocijas darba zinatniska novitate

Izveidots jauns vid€ja blivuma un zema blivuma platnu materiala tips, kuru var klasificét
ka vispargja lietojuma platnes, bet finieréjot sasniedz konstrukciju materiala tpasibas; ka
izejmaterialus izmantojot uz lauka smalcinatus kanepju stiebrus ar sekojosu konservaciju,
kuriem mitruma izlidzinaSanai noteiktas proporcijas pievienoti vasara plauti, uz lauka
zaveti, rupji smalcinati gaissausi kanepju stiebri un karbamidsveku un fenolformaldehida
sveku saistviela;

Veikta izveidoto kanepju Skiedru-spalu maisjjuma platnpu ipasibu salidzinoSa analize.
leglitie matematiskiec modeli un to geometriskas interpretacijas lauj prognozét
konservacijas laika un pres€Sanas intensitates, ka ari limes tipa ietekmi uz platgu
fizikalajam un mehaniskam 1pasibam;

Izveidots jauns Skiedru - polipropiléna matricas kompozita tips, kd arm&umu izmantojot
garas tehniskas kanepju Skiedras, kas sagatavotas iestradei kompozita péc to pirmreizejas
apstrades (tillinaSana, dekortifikacija, rupja kemmeéSana);

Veikta izveidoto Skiedru plastikatu ipasibu salidzinoSa analize, iegiiti matematiski modeli
un to geometriskas interpretacijas, kas lauj prognozét Skiedru satura un preséSanas

temperatiras ietekmi uz kompozita fizikalajam un mehaniskajam 1pasibam.

1.4. Promocijas darba praktiska nozimiba

Promocijas darba risinatas problémas — jaunu produktu piedavajuma izstrade atbilstoSi
tehnologiskai platformai - ir dala no apjomiga starptautiska p&tniecisko darbu kopuma, kas
orientéts uz principiali jaunu pieeju - visa kagepju stiebra parstradi platnpu materialos,
atbilstoSas tehnologijas un tehnologisko iekartu prototipu izstradi tehnologiskajai kédei
»kanepju lauks-platnes”;

Izstradatie materialu paraugi ar saméra plasu fizikalo un mehanisko pasibu diapazonu un
ieglitie matematiskie modeli ir pamats riipnieciski razojamu platgu projektéSanas

uzsakSanai ar pasibam, kas atbilst paredzamajam lietojumam interjera, mébelu razoSana
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un blivnieciba, ka arT vér§ masinbiivétaju uzmanibu uz eksperimentalo tehnologisko Iiniju
un tas darba masinam, kas biitu transformé&jamas riipniecisku iekartu variantos;

 Saisinata kanepju parstrades tehnologija ir efektiva, jo tiek samazinati vairaki riska faktori
lauksaimnieciba, ievérojami samazinats tehnologisko pareju un operaciju skaits platpu
razotngs, iegits videi draudzigs jauns, viegli modific€jams produkts, ka arT rodas iespgja
veidot bezatlikumu razoSanu. No ikgad@ji atjaunojamiem resursiem izstradato platnu, kas
izgatavotas uz cksperimentalas tehnologiskas linijas, paredzama cena ir 3,54 Ls/m2. Ta
atbilst tirgli pieejamu augu bazes platnu vid€jai cenai, bet ir vidgji par 60 % augstaka ka
koksnes izejmateriala platném ( KSP, MDF, OSB);

 Sapemts apstiprinajums patenta pieteikumam Nr. P-12-196 ,,Islaicigi fermentéta kanepaju

maisTjuma platnu izejmateriala izgatavoSanas metode” par LR patenta pieskirSanu.

1.5. Darba struktiira

Darbs strukturéts ¢etras nodalas:
1. nodala ir literatiiras apskats un analize. Nodala iedalita Cetras apakSnodalas.
2. nodala ir metodiska dala, kura apskatita skiedru platnpu un kompozitu paraugu
izgatavoSanas metodika.
3. nodala apskatitas testu metodes un aprikojums.
4. nodala, pamatojoties uz ieprieks€jo nodalu, veikts ieghitas informacijas

apkopojums un interpretacija.

1.6. Darba aprobacija
Publikacijas

1. Kirilovs E., Kukle S., ,,Biopoliméru sadalfjuma un to ipasibu analize” Publicéts: RTU
51.starptautiski zinatniskas konferences, Materialzinatnes un lietiSkas kimijas fakultates
apaksSsekcija “Tekstilmaterialu tehnologija un dizains”, Riga, Latvija, 15. Oktobris, 2010,
RTU zinatniskie raksti, Materialzinatne, 9. Sérija 5. S€ums, Riga, 2010, 77.-81.lpp.
(www.ortus.lv)
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2. SITUACIJAS ANALIZE

Apliikoto patentu un literatiiras avotu analizes rezultata konstatéts, ka:

pasaulé ir salidzinosi liels koksnes patérin$ skiedru platnu izgatavoSanai, kas ir iemesls
aizvien intensivakai mezu izcirSanai; lai to samazinatu tiek mekl€tas iesp&jas dalgji vai
pilniba aizvietot koksni platpu materialos ar lauksaimniecibas piegadatam augu valsts
izejvielam un/vai to parstrades blakusproduktiem;

vairums pétijumos ka aizstajéjmateriali Skiedru un skaidu platnu izgatavosanai tiek
izmantotas lignocelulozes augu Skiedras vai augu atlikumi, tai skaita linu un kanepju
Skiedras un/vai spali, cukurniedru Skiedras, kvieSu, risu un sojas pupinu stiebri, kukuriizas
un kokvilnas stiebru Skiedras, dzutas un kenafa Skiedras vai stiebri, ka arT bambusa un
eikalipta koksnes Skiedras;

ka saistvielas dabas S$kiedru platpu izgatavoSanai vairums p@tljumos izmantotas
polikondensacijas limes, tas pievienojot no 1 % lidz 20 % no sausas masas, visbiezak 8-
12%; tam parasti tiek pievienots cietinatajs (parafina ella, amonija hlorids) ~ 1 %, ja
nepiecieSams tiek pievienots ar1 katalizators. AtseviSkos petijumos apstradajot sagatavoto
masu pirms pres€Sanas ar 35 % tidenraza peroksidu un paaugstinot preséSanas temperatiiru
lidz 190 °C iegati platypu paraugi bez limes ar lieces robeZstipribu 7-47 MPa un blivumu
870-1110 kg/m®. Augu bazes platném bez Itmes raksturiga 2 Iidz 6 reizes intensivaka
brieSana mitruma ictekmge;

lai veidotu gludakas, izturigakas, parklajumiem un mehaniskai apstradei padevigakas
platnes, flisa dalinu izméri un sastavs viena vai abas virsmas tiek mainits, ka arT Itmes
saturs viena vai abas virsmas tiek palielinats: vid€jais sveku limes saturs ir 10 %, attiecigi
centralaja slant 6-8 % un argjos slanos 8-12 %j;

petijumos augu bazes platnu paraugi izgatavoti gan piemérojot, gan nepiemérojot pirms
preséSanu, kas savukart var tikt veikta zem spiediena lidz 3 MPa vai pat pie 0,05 MPa; var
ar1 piemerot ,,auksto” pirmreizgjo preséSanu. Pirmreiz€jas preséSanas laiku izvelas atkariba
no flisa biezuma, rékinot 5 s uz vienu biezuma mm;;

spalu meércéSana karsta tideni ar sekojoSu zavésanu un malSanu lauj iegitit fenola sveku
panelus ar 2 reizes lielaku stiepes izturibu un par 35 % mazaku uzbrieSanu mitra vidé neka
attiecigas panelu paraugu 1pasSibas no nemércétiem spaliem;

preséSanas rezimi varié: temperatiira no 140 °C lidz 190 °C, presésanas spiediens no 1,5
lidz 6,1 MPa, izturéSanas laiks no 4 lidz 11 min; preséSanu veic viena vai divos

panemienos karsta presé vari€jot biezumu. Sastopami ari vairakpakapju presé€Sanas
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varianti: divpakapju (auksta un pec tam karsta pres€), tris pakapju karsta presésana varigjot

biezumu. Pres€sana tiek veikta no vienas puses;

ieglito garo Skiedru plastmasas kompozitu ipasibas: ar epoksida matricu- robezstipriba

stiep€ 67,3- 230 MPa, stiepes elastibas modulis 5,7- 36 GPa; ar polipropiléna filmas

matricu- robezstipriba stiepé 50,88 MPa; ar polipienskabes matricu robezstipriba stiepé

40,3 MPa. Skiedru daudzums kompozita varie no 10 — 65 % , vairuma gadijumu

maksimalais Skiedru daudzums ir 40 %.

iegiito kiedru platnu Tpasibas: a) ar UF Iimi: blivums 600-800 kg/m®, robezstipriba liecg

4,77- 33 MPa, elastibas modulis 1535-2935 MPa, robezstipriba stiepe perpendikulari

plaknei 0,415-0,8 MPa, robeZstipriba stiepé paraléli plaknei 9,48- 31,38 MPa, uzbriesana

24- 41 %, udens absorbcija 77- 108 %; b) ar PF limi: blivums 580-1000 kg/m®,

robezstipriba liec€ 12- 35,1 MPa, elastibas modulis 1800- 3290 MPa, robezstipriba stiepe

perpendikulari plaknei 0,33-0,62 MPa, robezstipriba stiepé paraleli plaknei 3,65 MPa,
uzbrieSana 13,46- 15 %, udens sorbcija 96 %;

Augu bazes platgu 1pasibu uzlabosana:

a) pievieno visa apjoma kokaksnes zagskaidas (priede);

b) ja ir vairaki slani, pa slaniem orienté skaidas/spalus, mainot izvietojumu ass virziena
viena slani uz izvietojumu perpendikulari asij nakosaja;

C) sagatavojot noteikta izméra flisa dalinas, piem., garums ne mazaks par 20 mm, garuma
un platuma attieciba 3:1.

Ripnieciski razo platnes pilniba vai dal€ji no augu valsts izejvielam:

d) vacu uznémuma ,,Kosche” vieglas mébelu platnes no kapepju spaliem; to blivums
atkariba no biezuma varié robezas 300 — 320 kg/m?, platnu lieces robezstipriba ~ SMPa,

e) vacu uznémuma ,,Steico” izgatavo siltumizolacijas platnes no kanepju skiedram. Platnu
blivums ir ~40 kg/m® un siltumvaditspgjas koeficients A=0,040 W/m'K. Biezums varié
no 40 Iidz 200 mm;

f) ,,TorZo” (ASV) izgatavo platnes no kanepju Skiedram, kas piesticinatas ar poliakrilu.
Uzpémums Holand€ jau no 1956.gada izgatavo termo un akustikas izolacijas platnes ar
blivumu no 320 — 560 kg/m?;

g) belgu uznémuma ,,Unilin” izgatavo mébelu platnes ,,UniFlax” no liniem ar irdenaku
centralo slani, argjos slagus padarot blivakus ar koka skaidam un bagatinot ar
saistvielu. Platpu blivums 350 — 500 kg/m®, tas ir ugunsdrosas un ar labu skanas

absorbcijas sp&ju.
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e gan eksperimentalajos paraugos, gan riipnieciski razotas platn€s ka pildviela tiek lietota vai
nu Skiedras vai koksnainas dalas skaidas (spali);

e pie biodegradéjamam matricam pieskaitamas - Polikaprolaktons (PCL - Polycaprolactone),
Polibutilsukcinats (PBS - Poly butylenes succinate), Poligtera sulfons (PES - Poly ether
sulfones), Polihidroksibutirata (PHB - Polyhydroxybutyrate), Ciete (Starch), Polipienskabe
(PLA - Poly lactic acid). So matricu tilitgjus lictojumus ierobezo zemie stipribas raditaji,
zema triecienizturiba, liela mitruma sorbcijas sp€ja, augsta cena;

e no dal&ji biodegradéjamam matricam savienojuma ar dabas Skiedram plasak izmantotas—
Polipropiléns (PP - Polypropylene), Polietilens (PE -Polyethylene), Neilons (NY11 -
Nylon 11), Acetilceluloze (AcC - Acetyl cellulose).
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3. PARAUGU IZGATAVOSANAS METODIKA

Izejmateriali kompozita izgatavoSanai:

o tradicionalas parstrades rezultata iegttas kanepju Skirnes ‘Bialobrzeskie’ Skiedras;

e polipropiléns (PP) skiedru forma.

Kompozitmateriala Skiedru komponensu sagatavosana:

e Skiedru kimiska apstrade ar NaOH skidumu;

e Skiedru manuala kemmesana, klajuma - polipropiléna Skiedras / garas kanepju Skiedras /
polipropiléna Skiedras izveide; test€Sanai sagatavotas 4 paraugu grupas, vari€jot ar
proporcijam (50 % un 70 % Skiedras) un preséSanas temperatiiru (170 °C un 190 °C).

Kompozitmaterialu paraugu testésana:

e EN ISO 527-1:1993 ,,Plastmasas stiepes Ipasibu noteikSanas standarta metode”;

e LVSEN ISO 62:2008 ,, Plastikatu fidens absorbcijas noteikSana standarta metode”

Izejmateriali Skiedru platnu izgatavosSanai:

e [Leibnica Lauksaimniecibas Tehnikas instittita laukos audzeta kanepju Skirne ‘Santicha 27;

e Kka saistvielas tiek izmantotas fenolformaldehida (PF) un karbamida sveku (UF)
polikondensacijas limes.

Platnu paraugu sagatavoSana:

e saisinatas parstrades tehnologijas rezultata iegiits sasmalcinats kanepju auga maisijums; tas
satur Skiedras, koksnainas dalas skaidas (spalus), lapas un s€klas. Maisjjums paklauts
konservacijai bezgaisa vidé 14 dienas un 365 dienas;

e mitruma izlidzinasanai tiek izmantots ar giljotinu sasmalcinats sauss kanepju stiebrs;
konservéto komponensSu attieciba pret sauso ~ 2:1 (preciza attieciba tiek aprékinata
vadoties no mitruma satura);

e test€Sanai sagatavotas 8 paraugu grupas, varigjot konservésanas laiku, lietoto saistvielu un
platnes parauga biezumu saglabajot nemainigu flisa virsmas blivumu.

Platnu paraugu izgatavoSana:

e Konservetais skiedru spalu maisTjums sajaukts ar sauso kanepju sasmalcinatiem stiebriem;
divu skriivju ekstruder veikta pirmreiz€ja maisijuma sasmalcinasana un sajaukSana; diska
dzirnavas maisijumam tiek veikta gal€ja smalcinasana; Skiedru spalu maistjums tiek zavets
150 °C; materials tiek sajaukts ar PF un UF limi; tiek veidots 3 slanu flisa klajums, tas tiek
atbilstosi garinats; balstoties uz presé€sanas rezimiem platnes tiek presétas apsildama prese.

e Leibnica Lauksaimniecibas Tehnikas institita iegiiti 125 platpu paraugi katrai paraugu

grupai, kopa parbaudém sagatavoti 1000 platnu paraugi.
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4. PARAUGU TESTESANAS METODIKA
Kanepju skiedru-spalu maisijuma 1pasibu testéSanai veiktas parbaudes:

e komponensu mitruma saturs noteikts ar masas metodi, izmantojot zav&Sanas skapi
,Carbolite LHT4/60” un laboratorijas svarus ,,A&D GF-3000”, atbilstosi LSV EN
62:2008 standartam pirms un p&c sajaukSanas ar saistvielu;

e dalinu izméru sadalijums noteikts ar sijasanas metodi, izmantojot sijaSanas testa iekartu
ar seSiem sietiem, atbilsto$i LVS EN 933:2012 standartam,;

e Skiedru - spalu maisfjuma dalinu garums un platuma sadalfjums noteikts ar slidoSo
skeneri un att€lu analizes programmu ,,Fibre Shape”.

Kanepju augu bazes platnu paraugu ipasibu testeéSanai veiktas parbaudes:

e noteikts platpu blivums, izmantojot laboratorijas svarus ,,A&D GF-3000” un digitalo
bidméru ,, Topex PD 1517, atbilstosi LVS EN 323:2000 standartam,;

e robezstipriba liec€ un lieces elastibas modulis noteikts, izmantojot ,,Zwick/ Roell Z010”
test€Sanas iekartu ar paligierici, atbilstos$i LVS EN 310:2001 standartam;

e uzbrieSana un tdens sorbcija noteikta, izmantojot digitalo bidméru ,,Topex PD 151” un
laboratorijas svarus ,,A&D GF-30007, atbilstosi LVS EN 317:2000 standartam;

e robeZstipriba stiepé perpendikulari plaknei noteikta, izmantojot ,,Zwick/ Roell Z010”
testéSanas iekartu ar paligierici, atbilstoS§i LVS EN 319:2000 standartam;

e platnu paraugu siltumvaditspgja noteikta uz firmas Lasercomp siltuma vaditspgjas

méritaja FOX600 atbilstosi ISO 8301:1991 standartam.
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5. REZULTATI

5.1. Kompozitmateriala tehniskas ipasibas

P&c test€Sanas procesa iegiitajam Mmitruma satura, robezstipribas stiepé un elastibas
modula stiep€ veértibam aprékinati matematiskie modeli (1.tab.) nepilna otras pakapes
polinoma veida, kas adekvati apraksta mitruma saturu, robezstipribu stiepé un elastibas
moduli stiep€ atkariba no kanepju satura kompozita un izgatavoSanas temperatiiras.

1.tabula/ Table 1

Kanepju Skiedru kompozitmateriala matematiskie modeli un to interpretacija

Nosaukums Matematiskais modelis Geometriskas
Name Mathematical Model interpretacijas virsma
Geometrical

Mitruma saturs

Moisture content

Y11= 4.10- 0.41*x,+0.66*X,+0.23*X;*X,.
kur: Y 1- mitruma saturs, %;

X1- temperatiira, °C;

Xo- kanepju saturs, %;

were: Y| 1- moisture content, %;
X1- temperature, °C;
X»- fibre content, %;

Interpretation Area

Mitrwmna saturs, %

1;< P 50% &
75 180 50% &

185

Robezstipriba
stiepé

Tensile strength

Y ,=46.90-12.62*X;,+9.53*X,+3.59*X,*X,
kur: Y- robezstipriba stiepe, MPa;
X1- temperatiira, °C;

Xo- kanepju saturs, %;

were: Y »- tensile strength, MPa,;
X1- temperature, °C;
Xo- fibre content, %;

RobeZstipriba, MPa

180 185

Stiepes elastibas
modulis

Modulus of tension
elasticity

YL3=2962.93‘77.18*X1+762.73*X2+
+168.06*X,*X,

kur: Y s- elastibas modulis, MPa;
X1- temperatiira, °C;

Xo- kanepju saturs, %;

kur: Y 3- modulus of elasticity, MPa;
X1- temperature, °C;
X2- fibre content, %;
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5.1.1. Mitruma saturs

Udens absorbcijas pétijumi rada (1.tab. Y,;): jo augstaka ir preséSanas temperatiira un
mazaks Skiedru saturs kompozita, jo zemaka ir kompozita absorbcija (2,81 %, ja t= 190 °C un
kanepju Skiedru ipatsvars 50 %); samazinoties pres€Sanas temperatiirai un palielinoties
Skiedru saturam absorbcija pieaug 1,75 reizes (4,93%, ja t= 170 °C un kanepju Skiedru

patsvars 70 %).

5.1.2. Skiedru virsmas izmainu analize

Atkariba no paredzama lietojuma iesp&jams luksnes priekSapstrades procesa regulét
Skiedru sadalijuma pakapi, ka ari Skiedru kompleksu/elementarSkiedru virsmas tiribu.
Kompozitu tehnologijas loti svarigi nodrosinat labu Skiedru sasaisti ar matricas vielu, lidz ar
to apstrade ar 5 % (2.att.)- 8 % (3.att) natrija sarma Skidumu var ievérojami uzlabot

kompozita komponensu sasaisti.

1.att. Bez apstrades 2.att. P&c apstrades ar 5% 3.att. Pec apstrades ar 8%
Fig.1. Without treatment NaOH NaOH
Fig.2. After treatment with Fig.3. After treatment with
5% NaOH 8% NaOH

5.1.3. Stiepes pretestiba, elastibas modulis

Ka redzams 1. tabula Y, vienadojuma un no modela geometriskas interpretacijas
virsmas - gan preséSanas temperatiira, gan Skiedru ipatsvars, ka ari to mijiedarbiba, butiski
ietekmé robezstipribu stiep€, kas ir visaugstaka (65,5 MPa) pie maksimala aizpildijuma un
preséSanas temperatiiras 170 OC. Presesanas temperatiiras izmainas par 20 °C no 170°C uz
190°C izsauc robezstipribas samazinajumu no 53,6 MPa uz 21,2 MPa (par 60,4 %), ja skiedru
patsvars ir 50 %, un no 65,5 MPa uz 47,4 MPa (par 27,6 %), ja skiedru ipatsvars ir 70%.
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4.att. Elastibas modulis un stiepes pagarinajums paraugiem
Fig.4. Modulus of elasticity and elongation of samples
Temperatiiras ietekme uz elastibas modula veértibam ir stipri vajaka: preséSanas
temperatiiras izmaina no 170 °C uz 190 °C izsauc Junga modula samazinajumu par 20 %, ja
Skiedru proporcija kompozita ir 50 %; savukart tada pati temperatiiras diference kompozita

moduli ar 70 % aizpildijumu praktiski nemaina, jo atskiriba 5 % ir klidas robezas (4. att.).

5.2. Platnes tehniskas ipasibas

5.2.1. Komponen$u mitruma saturs

Kanepju Skiedru - spalu ilgstosi konservéeta (365 dienas) maisijuma (PDH) sakotngjais
mitrums ir par 2 % mazaks neka 14 dienas konservétas masas FDH mitrums. Abos gadijumos
mitruma saturs paaugstinas péc sajaukSanas ar 1imgjoso vielu PF: par 2 % (no 11,24 % uz
13,20 %) 14 dienas konservéta materiala un par 3 % PDH materiala (no 9,24 % uz 12,24 %).
Abu maisijumu mitrums péc sajauksanas ar PF 1imi ir zemaks neka tad, ja lietota UF lime un
mitrums praktiski neparsniedz 12 %, kas ir maksimala pielaujama robeza. Eksperimentu
rezultati apkopoti 5. att€éla. Kopuma, izveért€jot mitruma saturu Skiedru - spalu maisijuma
pirms un péc limes pievienoSanas un salidzinot izmainas divam eksperimenta lietotajam

Iimém, secinam, ka PF limes lictojums ir efektivaks no kompozita tehnologijas viedokla.
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5.att. Mitruma saturs pirms un péc sajauk$anas ar saistvielam

Fig.5. Moisture content before and after mixing with binders

5.2.2. Dalinu izméru analize
Sijasanai izmantotie septini sieti lava noteikt dalinu masas sadalijumu atbilstosi sieta

acu izmériem (6. att.).
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Particle size/ Sieves size

6.att. Frakciju masu sadalijums
Fig.6. Distribution of particle masses
Lielakais 1patsvars ir frakcijam ar izméru, kas parsniedz 2000 um, PDH materialam
tadas ir 37 % no kopapjoma, bet PDH materialam 43 %. Sajaucot divpadsmit méneSus
konservetu materialu ar sausam kanepém, tiek iegiits 17 % mazak lielo dalinu un 60 % vairak
mazo dalinu. FDH materialam So frakciju daudzums ir par 16 % lielaks salidzinajuma ar PDH
materialu. Turpretim frakcija ar dalinu izmériem robezas no 500 lidz 1000 um 12 méneSus
konservétajai komponentei (PDH) par 30 % parsniedz attiecigo 14 dienas konservétas
komponentes (FDH) raditaju. Puteklus ~12 % veido 0-90 um un 90-160 um izméru frakcijas,

kas negativi ietekm& platnes stiepes robezstipribu platnei perpendikulara virziena (8.att).
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Optimalu skiedru komponentes sastavu iegiist, ja sajauc divas nedélas konservétu materialu ar

sausu skiedru materialu, jo tad lielo dalinu ir vairak.

5.2.3. Dalinu granulometriska analize

FDH (14) dalinu garums
FDH (14) particle length

0.00

7.att. FDH materiala dalinu garumu sadalijums

Fig.7.

[m]

Distribution of length of the FDH
material particles

SUM
Platums, %
Width, %

FDH (14) dalinu platums
FDH (14) particle width
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9.att. FDH materiala dalinu platumu sadalijums

Fig.9. Distribution of width of the FDH

material particles
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8.att. PDH materiala dalinu garumu sadalijums
Fig.8. Distribution of length of the PDH

material particles
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10.att. PDH materiala dalinu platumu sadalijums

Fig.10. Distribution of width of the PDH

material particles

Ilgstosaka konservéSanas procesa dalinu garuma sadalijums transform&as no

multimodala uz vienmodalu ar viegli izteiktu labo asimetriju, kas iesp&ams nodroSina

vienmerigaku dalinu izkliedi platnes veidoSanas procesa. Art dalinu platuma sadalijums iegtst

vairak organizetu struktiiru, garaka konservéSanas perioda kliistot par vienmodalu ar izteiktu

kreiso asimetriju. Tas nozimé, ka lielakais 1patsvars ir mazaka biezuma dalinam lidz 40pum

(10. att.). Ka redzams 2. tabula, 50 % dalinu garums 14 dienas konservétaja masa ir lidz

562um. Palielinot konservésanas laiku 1idz 12 méneSiem, tas pieaug par 22 %, t.i. lidz 686um,

savukart platums pieaug no 42 um lidz 53 um, t.i. par 25 %. Attiecigi izmainas ari garuma

attieciba pret dalinu platumu, kas konservétai masai palielinas par 26 %.

23



) 2.tabula / Table 2
Skiedru-spalu maisTjuma statistiskie raksturojumi
Statistical description of fiber — shives mix

Skiedru-spaju material
SIeSi oAt e Garuma.un_platuma Xso- Garums, um Xso- Platums, um
Fiber — shives attieciba Yoo Length Xee Width
material Aspect ratio %0 gth, pm %0 i
FDH 3,68 561,58 41,98
PDH 4,63 686,19 52,52

P&c testSanas procesa iegiitajam blivuma, robezstipribas liecg, elastibas modula liecg,
robezstipriba stiep€ perpendikulari plaknei, siltumvaditsp&jas vertibam aprékinati
matematiskie modeli nepilna otras pakapes polinoma veida, kas adekvati apraksta rezultatus

atkariba no platnes biezuma un konservésanas laika (3.tabula).

3.tabula/ Table 3
Kanepju skiedru-spalu maisijuma platnes matematiskie modeli un to interpretacija
Mathematical models of boards of hemp fiber — shives mix and their interpretation

Nosaukums Matematiskais modelis Geometriskas interpretacijas virsma
Name Mathematical Model Geometrical Interpretation Area
PF Iimes platnes | Y4=619,00-205,50*X;-
blivums -11,00%X,+5,50%X;*X, S
kur: Y4 PF limes platnes 900 R
Density of the PF | blivums, kg/m?; 2] -
adhesive board | Xi- platnes biezums, mm; 2 o]
Xp-  konserveSanas  laiks, | £ . L.
dienas. " - /{90 .
were: Y4 density of the PF | =~ S £F
adhesive board, kg/m?; R “m/ v Sy

X1- board thickness, mm;
Xo- wet - preservation period,

days

UF Iimes platnes Y 5=545,25-191,75*X;- P

bltvums -2,75%%2-5,75*X1*X, ' I

kur: Yis- UF Iimes platnes

Density of the UF | blivums, kg/m*; .

adhesive board | x;- platnes biezums, mm; ]

Xo-  konservéSanas  laiks, g
dienas. 2

were: Y s- density of the UF
adhesive board, kg/m®;

X1- board thickness, mm;

Xo- Wet - preservation period,
days

S S
Biezums, mm 16 ¥
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Nosaukums

Matematiskais modelis

Geometriskas interpretacijas virsma

Name Mathematical Model Geometrical Interpretation Area
Robezstipriba Y16=6,81-5,78%x;- -—
liecé PF limes -1,16*x,+0,92*X1*X,

platném kur: Y- robezstipriba liecé PF

Bending strength
of the PF
adhesive boards

limes platném, MPa;

X1- platnes biezums, mm;
Xo- konservesanas
dienas.

laiks,

kur: Y ¢- bending strength of
the PF adhesive boards, MPa,;
X1- board thickness, mm;

X2- wet - preservation period,
days

Robezstiprib

Robezstipriba
liece UF Iimes
platném

Bending strength
of the UF
adhesive boards

Y 7=4,47-3,76*X-
-0,18*Xx,+0,11*X1*X>
kur:Y7- robezstipriba liecé UF

Iimes platném, MPa;
X1- platnes biezums, mm;
Xo- konservésanas laiks, dienas.

kur:Y 7- bending strength of
the UF adhesive boards, MPa;
X1- board thickness, mm;

Xo- Wet - preservation period,
days.

Robezstipriba, MPa

2
Biezums, mm 16

Lieces elastibas
modulis PF limes
platném

Modulus of
bending elasticity
of the PF
adhesive boards

Y\ g=748-570,27*X4-
-159,07*x,+125,63*X1*X,
kur:
Y s- elastibas modulis
ltmes platném, MPa,;
X1- platnes biezums, mm;
Xo- konservesanas laiks, dienas.

PF

were:

Y s- modulus of elasticity of
the PF adhesive boards, MPa;
X1- board thickness, mm;

Xo- Wet - preservation period,
days.

Elastibas modulis, MPa

Biezums, mm 16
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Nosaukums
Name

Matematiskais modelis
Mathematical Model

Geometriskas interpretacijas virsma
Geometrical Interpretation Area

Lieces elastibas
modulis UF Iimes
platném

Modulus of
bending elasticity
of the UF
adhesive boards

YL 9=565,96-489,53*X;-
-34,37*X,+17,66%*X1*X>
kur: Y o- elastibas modulis UF

Iimes platném, MPa;
X1- platnes biezums, mm;
Xo- konservésanas laiks, dienas.

were: Y- modulus of

elasticity of the UF adhesive

boards, MPa;

X1- board thickness, mm;

Xo- Wet - preservation period,
days.

a

Elastibas modulis, MP:

Robezstipriba
stiepe
perpendikulari
plaknei PF Iimes
platnei

Tensile strength
perpendicular to
the plane of the

Y 10=0,09-0,07*x,+0,01*X>
kur: Y 10- robezstipriba stiepé
perpendikulari  plaknei  PF
Iimes platnei, MPa,;

X1- platnes biezums, mm;
Xo- konservésanas laiks, dienas.

were: Y- tensile strength
perpendicular to the plane of

i=]

Robezstipriba, MPa

PF adhesive the PF adhesive board, MPa;
board X1- board thickness, mm;
Xo- Wet - preservation period,
days.
Siltumvaditspé&ja Y11= 0,097-0,022*X4-
-0,003*x, + 0,004*x1*x2
Thermal kur:

conductivity

Y L11- siltumvaditspgja, W/mK;
X1- platnes biezums, mm;
Xo- konservesanas laiks, dienas.

were:
Y-
WimK;
X1- board thickness, mm;
Xo- Wet - preservation period,
days.

thermalconductivity,

Siltumvaditspéja, W/mK

Biezums. mm 16

5.2.4. Platnu blivuma un mehanisko ipasibu salidzino$a analize

Salidzinot vienadojuma Y, linearo efektu koeficientus, redzams, ka platnes biezums ir

galvenais faktors, kas nosaka tas blivumu. Tas logiski seko no eksperimenta plana, kura

pildvielas kvadratmetra masa ir fikséts faktors. Tadgjadi, jo planaka slani viens un tas pats

apjoms tiek sapreséts, jo augstaka tilpuma aizpildijuma pakape ar Skiedru spalu maisijumu

tiek sasniegta un jo lielaks ir iegatas platnes blivums. Skiedru spalu konservacijas laika
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ietekme uz platnes blivumu ir neliela (Itmenlinijas Sk€luma praktiski paral€las); tikai pie liela
tilpuma aizpildijuma konservacijas laika palielinajums pievieno nelielu platnes blivuma
pieaugumu, par ko liecina atbalss virsma (3.tab.).

No vienadojuma Y5 un to interpretéjosas virsmas redzams, ka lietota Iime kopuma
maz maina platnes blivuma raksturu, mainoties tas biezuma un pildvielas konservacijas
laikam. Palielinot platnes biezumu divas reizes (no 8 mm uz 16 mm), praktiski divas reizes
samazinas tas blivums. Attieciba uz limes ietekmi, neparprotami PF limes lietojums palielina
platnes blivumu par 12 % 8 mm platnei, par 17 % 16 mm platnei.

Platnu paraugu variantiem, kas izgatavoti atbilstosi pilna faktoru eksperimenta darba
matricai, iegtitas vertibas platném attélotas 4. tabula. Augstakais blivums tiek ieglits 8 mm
platné€m, kas ir robezas no 734- 841 kg/m3. l16mm plates ir ar irdenaku struktiiru un zemaku
blivumu, Kas ir robezas no 345- 419 kg/m°.

4.tabula / Table 4

Platnu blivumi / Densities of Boards

Parauga Kanepju
apzirne'_:j ums P_arauga ko_nserv_écij as Blivums/
Abbreviations b!ezums/ laiks, dienas/ LIme_/ Density + )
of sample Thicknes of | Hemp wet- Adhesive kg/m’ " | kg/m
sample, mm | preservation
period, days
16PDH-UF 16 365 UF 362 4,99
16FDH-UF 16 14 UF 345 6,45
8PDH-UF 8 365 UF 734 16,25
8FDH-UF 8 14 UF 740 37,15
16PDH-PF 16 365 PF 419 9,23
16FDH-PF 16 14 PF 408 20,24
8PDH-PF 8 365 PF 841 18,44
8FDH-PF 8 14 PF 808 26,62

5.2.5. Platpu paraugu uzbrie$ana un tidens uzsiicamiba
Biezuma izmainas platnes paraugiem no konservétam kanepe€m ar PF limi ir vid&ji par
16 % mazakas neka pargjiem paraugiem (11.att.). Tas skaidrojams ar to, ka PDH varianta no
kagepju Skiedru spalu maistjuma ilgstoSaka riigSanas procesa pienskabju ietekmé izdalas
mitrums. To sajaucot ar PF limi, konservacijas efekts nodro$ina labaku noturibu pret mitruma
ietekmi, ko vél pastiprina PF Iime. Ilgstosakas konservacijas efekts platné€s ar UF Iimi
izpauzas vaji- FDH-UF vidgji ir par 3 % mazaka tdens absorbcija neka PDH-UF.

Visstraujakas paraugu biezuma izmainas ir vérojamas pirmajas 15 minatgs.
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11.att. Parauga biezuma izmainas mitruma ietekmé&
Fig.11. Changes of thickness of a sample under the influence of moisture

12. attela grafika paradito paraugu masas izmainu raksturs lidzigs paraugu biezuma
izmainam tdens ietekm@. Arl masas izmainas ir mazakas paraugiem no konservétas kanepju
masas, kas sastiprinata ar PF Iimi: PDH-PF masa ir testa gaita vid&ji par 14 % mazaka neka
paraugiem no 14 dienas konservétas masas (FDH-PF). UF limes paraugu (FDH-UF un PDH-
UF) masas starpiba neparsniedz 4 %, kas ir kltidas robezas un tadgjadi atSkiribas uzskatamas

par nenozimigam.
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e 8FDH-UF == 8PDH-UF 8PDH-PF === 8FDH-PF

12.att. Parauga masas izmainas mitruma ietekmée
Fig.12. Mass changes of the sample impacted by moisture

5.2.6. RobeZstipriba liece un lieces elastibas modulis

Parbaudgs izmatotas 8mm platnes ar blivumu 740 — 790 kg/m* un 16 mm platnes ar

blivumu 360 — 419 kg/m3. Vienadojuma linearo loceklu koeficienti ir vienas kartas skaitli, kas
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liecina, ka gan palielinoties platnes biezumam, gan konservacijas laikam lieces pretestiba
samazinas (uz to norada negativas koeficientu zimes pie x1 UNn Xp). Ta ka arT mijiedarbibas
efekta koeficients ir nozimigs, atbilsto$as atbalss virsmas novietojums koordinatu telpa un tas
konfiguracija ir saméra sarezgita.

PF limes platpu paraugiem konservacijas laiks vairak ietekm& blivako paraugu
pretestibu liecei, turpretim maza blivuma paraugu lieces stipribu skiedru bazes komponensu
konservacijas laika izmainas eksperimenta robezas ietekmé stipri mazak absoliita izteiksme,
ko skaidri attélo Y g vienadojums un geometriskas interpretacijas virsma. Palielinoties
konservesanas laikam no 14 Iidz 365 dienam, 8 mm biezai platnei robezstipriba liece
palielinas no 10,51 lidz 14,66 MPa, tas ir palielinas par 39 %. Attiecigi 16mm platnei
robezstipriba liec€ palielinas no 0,79 uz 1,27 MPa, tas ir par 61 %, kaut gan absolutais
stipribas palielinajums 0,48 MPa ir gandriz par kartu mazaks. Tadgjadi, projekt&jot augsta
blivuma platnes lieces pretestibas paaugstinasanai, vélams izveleties ilgstosi konservetu
Skiedru un spalu maistjumu.

No Y7 vienadojuma un geometriskas interpretacijas virsmas redzams (3.tab.), ka,
mainoties konservés$anas laikam no 14 uz 365 dienam, 8mm biezas platnes robeZstipriba
samazinas no 8,52 lidz 7,95 MPa, tas ir par 7 %. 16 mm biezai platnei robezstipriba attiecigi
samazinas no 0,78 1idz 0,64 MPa, tas ir par 18 %. Eksperimenta robezas, mainoties biezumam
robezas no 8 mm lidz 16 mm, platnu paraugu lieces izturiba pieaug no 0,78 lidz 8,52 MPa. No
teikta secinam, ka 8mm biezas ar 365 dienas konservétu komponenti sastava UF Iimes platnes
lieces pretestiba ir labaka $1 eksperimenta robezas. Kopuma nemot, robezstipriba liece ir par

33% mazaka materialam ar UF Itmi neka ar PF Iimi (- 41 % PDH (365), -24 % FDH (14)).
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13.att. SalidzinoSa eksperimentalo kanepju un citu platnu robezstipriba liecé
Fig.13. Comparison of experimental hemp and other board bending strength
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Salidzinot eksperimentalo platnu robezstipribu liecé ar virkni tradicionalu platpu
materialu attiecigajam ipasibam (13.att.) redzams, ka PF limes platnu paraugu lieces
pretestiba parsniedz kokskaidu un hardilfex gipSa platnu robezstipribu liecé 1,22 reizes, koka
skaidu platnes attiecigo raditaju 1,13 reizes. Salidzinot ar citiem literatiira sastopamiem
pétfjumu rezultatiem, kanepju Skiedru platnes ar blivumu 880 kg/m® robezstipriba liece ir

robezas no 7,8 MPa — 20,8 MPa.
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14.att. 8 mm biezu UF un PF Iimes platnu robeZstipriba liec€ un elastibas moduli
Fig.14. Bending strength of the 8 mm thick UF and PF boards and modulus of
elasticity

14. attela redzams, ka gan lieces robeZstipriba, gan modulis ir augstaks paraugiem ar
365 dienas konservétu pildvielas komponenti un PF limes sasaisti. 14 dienas konservéta
pildviela ievérojami samazina gan lieces robezstipribu, gan moduli. UF limes paraugu lieces
stipriba ir zemaka neka PF limes paraugiem, savukart modula vértibas paraugiem ar 14 dienas

konservétam pildvielam ir [idzvertigas abu saistvielu paraugiem.

5.2.7. Stiepes stipribas noteik$ana perpendikulari platnes plaknei

Atbilstosi matematiskajam modelim Y9 un atbalss virsmai (3.tab) redzams, ka
mainoties parauga biezumam no 16 mm Iidz 8 mm, strauji palielinas pretestiba parauga
sagrauSanai perpendikulari plaknei. Palielinoties konservacijas laikam no 14 Iidz 365 dienam,
8 mm biezas platnes apskatama robezstipriba nedaudz samazinas no 0,15 1idz 0,14 MPa, tas ir
par 7 %. Palielinoties materiala biezumam no 8 mm Iidz 16 mm, robezstipriba perpendikulari
plaknei samazinas no 0,15 lidz 0,01 MPa, tas ir 15 reizes, ja pildvielas konservacijas laiks ir
14 dienas un no 0,14 lidz 0,01 MPa, tas ir 13 reizes, ja pildviela paklauta 365 dienu

konservacijai.
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5.2.8. Siltumvaditspéja

Ka redzams 3. tabula (Y 1; vienadojums un atbalss virsma), platpu paraugu
siltumvaditsp&ja mainas robezas no 0,074 lidz 0,125 W/m'K. Mazaka siltumvaditsp&ja ir
16mm paraugiem ar kapepju komponenSu konservacijas laiku 278-365 dienas.
Siltumvadamibu robezas 0,08-0,09 W/m'K var nodrosinat 14-16 mm biezi paraugi arT ar su
konservacijas laiku.

Palielinoties konservésanas laikam, 8mm biezai platnei siltumvaditsp€jas koeficients
palielinas robezas no A=0,112 lidz A=0,125 W/mK, tas ir par 12 %. l16mm platnei
siltumvaditsp&jas koeficients samazinas robezas no A=0,076 lidz A=0,074 W/m'K, tas ir par
3%. Samazinoties biezumam, siltumvaditsp&jas koeficients palielinas no A=0,076 lidz
2=0,112 W/m'K, ja pildviela atradusies konservacijas rezima 14 dienas un no A=0,074 lidz

2=0,125 W/m'K, ja pildviela atradusies konservacijas rezima 365 dienas
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15.att. Eksperimentalo un references platnu siltumvaditspgja
Fig.15. Thermal conductivity of experimental and reference boards

Salidzinajuma ar kokskiedru platni, gan 16 mm eksperimentalajai platnei ar 14 dienas
konservetu pildvielu, gan platnei ar 365 dienas ilgu pildvielas konservaciju siltumvaditspéja
un blivums ir krietni zemaks (15.att.), savukart to siltumvaditsp&ja ir salidzinama ar rapsa,
linu un niedru platpu attiecigiem raditajiem; tai pasa laika rapSa un niedru pildijuma platgu
blivums ir mazaks, bet linu pildijjuma platnei tas ir augstaks neka iepriek§ minéto
eksperimentalo 16mm biezo platpu blivumi. Ari 8 mm biezo platpu siltumvaditspgjas
koeficienti ir zemaki neka kokskiedru platnei, tomér to blivumi v&ra nemami parsniedz

kokskiedras platpu blivumu.
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5.2.9. Kapepaju maisijuma platnes orientéjoss ekonomiskais novértejums

Balstoties uz ATB eksperimentalas linijas orient€josu izmaksu sadalijumu, 5. tabula

paradits izmaksu sadalijums pa izmaksu posteniem attiecinats uz vienu platnes kvadratmetru.

5.tabula/ Table 5

Kanepaju platnes izmaksas, ja tas izgatavotas uz eksperimentalas iekartas
Hemp board costs, if the board is produced on experiemental line

Ieguldijums
kopgjas
Izmaksu postenis/ Cost position izmaksas/ Ls/m?
Contribution to
the total cost, %
Mainigas izmaksas/ Variable costs
Kapitala izmaksas/ Capital costs 5,6% 0,19
Iekartu darbinasanas izmaksas/
Production line maintenance costs 4,6% 0,15
Saistviela/ Adhesive 4,6% 0,15
Citas kimikalijas/ Other chemicals 3,5% 0,12
Izejmateriali/ Raw materials 8,2% 0,27
Energija/ Energy 23,9% 0,80
Darbaspéka izmaksas/ Labor costs 49,2% 1,65
Atkritumu apsaimniekoSana/ Waste
disposal 0,4% 0,01
100,0% 3,35
Fiksétas izmaksas
darbinot iekartu viena
maina/ Fixed costs
operating the
equipment in one shift
0,79  (Ls/m%)
Platpu izgatavoSanas izmaksa/
Board manufacturing cost 414  Ls/m?
Fiksetas izmaksas,
2 mainas/ Fixed costs
0,40 in 2 shift (Ls/m?)
Platpu izgatavoSanas izmaksa/
Board manufacturing costs 3,74  Ls/m?
Fikséetas izmaksas,
3 mainas/ Fixed costs
0,20 in 3 shift (Ls/m?)
Platpu izgatavoSanas izmaksa/
Board manufacturing cost 354  Ls/m?
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Nemot par pamatu fiks€tas un mainigas izmaksas, kas aprékinatas ATB izstradatajai
eksperimentalajai tehnologiskajai linijai, orient€josas platnes razoSanas izmaksas ir 3,54
Ls/m? Kas tuvojas tirgii jau pieejamu Iidzigu platpu cenai. Mainigas izmaksas platnu
izgatavoSanai sastada 3,35 Ls/m? bet fiksetas izmaksas, izgatavojot platnes tris mainas
sastada 0,20 Ls/m?,

Autors prognozg, ja platnes razotu masveida, platnes cena samazinatos vismaz par 15
— 20 %. Nemot vera, ka aprekini veikti balstoties uz eksperimentalam iekartam, kuru
darbinasanai bez operatora nepiecieSams piesaistit vairakus specialistus linijas reguléSanai uz
noteiktu sortimentu, parejot no eksperimentalam iekartam uz riipnieciski razotam modernam
lieljaudas iekartam, iesp&jams samazinat darbaspéka izmaksas. Loti iespgams, ka
samazinasies ari energijas izmaksas, jo rupnieciskas iekartas projekte energoefektivakas.

Kanepju augu platnes izmaksas ir augstakas par koksnes bazes platnu cenam. Cenu
starpiba butu skaidrojama ar to, ka kapepju augu platnpu izgatavoSanai tiek izmantota
eksperimentala iekarta un lielaks apkalpojosais personals, Iinijas jauda ir zema. Tai pasa laika
kanepju — Skiedru maisijuma platgu izejmateriala cena ir 17,15 Ls/m?; ta ir par 14% zemaka

neka koksnes skaidu cena, kas ir 20 Ls/m®.

5.2.10. Kapepaju maisijuma platnes ekologiskais novértéjums
Skiedru kanepes ka izejmaterials kompozitu un platnu razo$ana risina praktiski visas
ekologiskas problémas, kas apdraud cilvéces nakotni, ka ari ir augstraZiga, mazprasiga, augu
rotacijai labveliga lauksaimniecibas kultiira. Prototipu esttiskas un mehaniska 1pasibas
iesp&jams uzlabot lamingjot, parklajot ar tekstilijam, pieméram, dazadu faktiiru linu/kanepju
audumiem. Lai iegiitu pilniba ekologisku platnu materialu, sintétiskas Iimes biitu jaaizvieto ar

dabas produktiem, piem&ram, kanepju frakcijas esoso ligninu, cieti utml.

5.2.11. Kanepaju maisijuma platnes paredzamais lietojums

Darba izstradatie platgu tipi varétu giit visai plasu lietojumu gan interjera dizaina, gan
blivnieciba. Ka 8mm, td 16mm biezas platnes iesp&jams izmantot ka pildinus ramja pildina
konstrukcijas- mébelu fasade€s, darbavietu atdalosas starpsienas. Aplimétas platnes iesp&jams
izmantot ka dekorativus sienu un griestu panelus, ka ar1 galda virsmas, ja zem tam tiek likts
pabiezinajums, piem&ram, ka SIA ,,KATE” Logo sérija. Materiala iesp&jas paplaSina ta labas
finieréSanas un lamin&Sanas iesp&jas. 16mm biezais platnu materials, pateicoties savai
irdenajai struktirai, ir labs siltuma un skanas izolacijas materials. To iesp&jams izmantot ari

ka pildijumu kartainas tehnologijas platnés.
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Augstaka robezstipriba liec€ ir SPDH-PF platgu paraugiem. Tos finiergjot ar 0,7 mm

oda koksnes drdzto finieri no abam pusém un saistot finierdjumu ar platni ar 120 g/m?

polivinilacetata D3 (PVA) Iimi, platnes robezZstipriba liecé palielinas par 52%, sasniedzot

vidgjo vertibu 30,7 MPa (6.tab.), kas ir piectickami, lai platni izmantotu ka konstrukciju

materialu, ta ka ar standartu EN 622 noteikta robezstipriba ir 25 MPa. Materialu var izmantot

tadas slodzi nesosas konstrukcijas ka mébelu korpusos, galda virsmas, plauktu sist€émas.

6.tabula/ Table 6

Kanepju Skiedru-spalu maisijuma platnes matematiskie modeli un to interpretacija

Hemp fiber-shive mixture boards’ mathematical models and interpretations

Parauga Robezstipriba Ticamibas Elastibas | Ticamibas Cietiba | Cietiba pec
apzim&jums liece/ intervals modulis/ intervals péc Sora
Abbreviations Bending robezstipribai | Modulus elastibas Brinela metodes/
of sample strength, MPa liec&/ of modulim/ | metodes/ Hardness
Credibility bending | Credibility | Hardness | according
interval of elasticity, | interval of | according to the
bending MPa modulus of to the Shore
strength, MPa elasticity, Brinell method,
MPa method, MPa
MPa
8PDHV-PF 30,70 30,7+ 3,31 3155,5 | 3155,5+ 70,44 56,18
407,00
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SECINAJUMI

1. Konservétu sasmalcinatu kanepju lietojums platnu izgatavosanai lauj pilniba izmantot visu
stiebru, tai skaita arT lapas un s€klas. Tas padara izejmateriala iegiiSanu neatkarigu no laika
apstakliem, materialu kompakti uzglabajamu, samazina ta 1pasibu mainibu, ieveérojami
saisina parstrades ciklus, samazina to energoietilpibu un vienkarSo tehnologiskos procesus,
bet reiz€ ar1 rada nepiecieSamibu izstradat jauna tipa produktus, testét to Tpasibas, noteikt
lietojumu jomas.

2. Lamingtu polipropiléna matricas kompozitu armé&Sanai lietotas garas tehniskas kanepju
Skirnes “Bialobrzeskie” Skiedras, kas apstradatas natrija sarma $kiduma, varigjot to apjomu
no 50 % lidz 70 % un pres€Sanas temperattru no 170 Iidz 190 oc, lauj iegtit kompozitus
ar mitruma absorbciju robezas no 2,8 % lidz 5 %, robezizturibu stiep€ robezas no 21 lidz
66 MPa un Junga moduli robezas no 1960 lidz 3800 MPa; tas paver iesp€jas veidot slodzi
nesoSas konstrukcijas, kas kalpoSanas laikam beidzoties ir biodegradéjamas.

3. Tradicionala kanepju parstrade ir darbietilpiga, atkariga no klimatiskajiem apstakliem un
parstrades procesos rodas liels procents atgaju ar ierobezotu lietojumu. Tadel aktuali ir
risingjumu mekl&jumi, ka pilnvertigak izmantot izaudz&tos resursus, saisinat tehnologiskos
procesus, nodro§inat izejvielu plismu ar stabilam tehnologiskajam ipasibam, veidot jaunus
gala produktus, uzlabot to Tpasibas. Lidz ar to tiek samazinatas izmaksas, ka arT apstrades
un likvidacijas procesos minimizets kait€jums dabai.

4. Balstoties uz aprékinos noteiktas kapepju Skirnes ‘Santhica 27’ Sausas un konservétas
komponentu masu attiecibas 1:2,2 uz Leibnica Lauksaimniecibas tehnikas pé&tnieciskaja
institita (Potsdama) izstradatas un 28 valstis patentétas eksperimentalas tehnologiskas
linijas, izveidots flisa klajums ar virsmas blivumu 6,7 kg/mz, kas pé&c piegrieSanas 1200 x
800 x 100mm izméra platés paklauts 7 etapu presésanai 180 °C temperatiird zem spiediena
10’ Pa, izveidojot Cetras 8 mm biezu un Cetras 16 mm biezu platnu paraugu sérijas ar divu
tipu saistvielam: fenolformaldehida svekiem (PF) vai karbamid-formaldehida svekiem
(UF).

5. PF saistvielas paraugu fizikalas un mehaniskas Ipasibas, mainoties izejvielas konservacijas
laikam no 14 1idz 365 dienam un paraugu biezumam no 8 lidz 16 mm, atrodas intervalos:

= 8 mm paraugam biezuma izmainas mitruma ietekmé ir 2 mm (mitruma 24 h), ja
konservacijas laiks ir 365 dienas;

= blivums 8 mm paraugiem vidgji 820 kg/m*, bet 16 mm paraugiem ~ 412 kg/m®

= 8 mm paraugam robeZzstipriba liec€ ir 14,66 MPa un elastibas modulis statiskaja liece

1603 MPa, ja konservacijas laiks ir 365 dienas;
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» 16 mm biezam paraugam siltumvadamibas koeficients A= 0,074 W/mK, ja
konservacijas laiks 365 dienas.

6. UF saistvielas paraugu fizikalas un mehaniskas Ipasibas, mainoties izejvielas konservacijas
laikam no 14 lidz 365 dienam un paraugu biezumam no 8 Iidz 16 mm, atrodas intervalos:

= 8 mm paraugiem biezuma izmainas mitruma ietekmé ir 5,3 mm (mitruma 24 h), ja
konservacijas laiks ir 14 dienas;

= blivums 8 mm paraugiem vidgji 737 kg/m*, bet 16mm paraugiem videji 355 kg/m?;

= 8 mm paraugam robezstipriba liece ir 8,52 MPa un elastibas modulis statiskaja liec€ ir
1107,6 MPa, ja konservacijas laiks 365 dienas.

7. PF saistvielas 8 mm biezas platnes no 365 dienas konservétam kanepju izejvielam ir ar
lielaku blivumu un augstakiem lieces izturibas raditajiem, bet art lielaku siltumvaditsp&ju,
kas tuvojas koksnes vid€jam raditdjam. Materials labi padodas aplim&Sanai. Virsmas
papildapstrade iegiitas platnes lietojamas visai plasi interjera apdares, ramja pildina
konstrukcijas, mébelu fasades, darba vietas atdalosas konstrukcijas.

8. PF un UF saistvielas 16 mm biezas platnes ar mazaku kanepju masas aizpildijumu ir
ieveérojami vieglakas, ar saméra zemu siltumvadamibu un lietojamas ka skanas un
siltumizolacijas materiali, vid€jie slani daudzslanu paketes, ja nepiecieSams palielinat
skanas un siltumizolacijas 1pasibas. Aplim&jot 8PDH-PF platni ar 0,7 mm drazto finieri,
platnes robezstipriba liecé sasniedz 30,7 MPa, kas ir pietieckami, lai platni izmantotu ka
konstrukciju materialu, ta ka ar standartu EN 622 noteikta robezstipriba ir 25 MPa tadas
slodzi neso$as konstrukcijas ka mébelu korpusos, galda virsmas, plauktu sist€mas.

9. Promocijas darba veikts p€tijums, kura pamatojoties uz 135 literatiiras avotu apskatu un
dzilu praktisku un teorétisku analizi pirmo reizi izgatavots kapepju Skiedru - spalu
maisTjuma platne (patenta pieteikums P-12-196), kur izejmaterials fermentizéts 14 dienas
un mitruma izlidzinasanai izmantots sauss kapepju augs. legltas platnes pirmo reizi
finierétas un parbauditas to fizikalas un mehaniskas ipasibas. Izgatavots kompozita
materials, kura ka arm&ums izmantotas kanepju garas Skiedras un ka matrica polipropiléns
Skiedru forma. Varigjot ar Skiedru orientaciju slanos, iegiistams laminata struktiiras
materials, kas biitu labi izmantojams ka kompozitmaterials slodzi nesosas konstrukcijas.

10. Uz eksperimentalas iekartas izgatavotas platnes orientgjosas izmaksas sastada 3,54 Ls/m?,

bet, ja platnes razotu masveida, platnes izmaksas samazinatos vismaz par 15 — 20%.

11. Iesp&ja uzlabot kagepju Skiedru spalu maisijuma platnes struktiiru:

* maisijjumam pievienojot koksnes Skiedras;

= variet smalcinasanas maisijuma parametrus;
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varigjot frakciju izmérus un saistvielas daudzumu kameras, veidojot vairakslanu
struktiiru;

vari€t mitruma saturu ar mérki atrast optimalo;

Optimiz€t presé€Sanas parametrus (temperatiira, spiediens, preséSanas rezimi);

precizét, pec cik ilga konservacijas laika stabiliz&jas dalinu izm&ru sadalijums;

pirms presésanas savienot divus flisa klajumus, nodrosinot simetriskus argjos slanus.
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1. GENERAL DESCRIPTION OF THESIS

Despite of constantly the increasing number of researches and offerings of new
products, including those in the field of boards, there are still many unsolved or partly solved
issues created by integration of non-traditional natural materials in boards, including the
necessity to provide a steady flow of raw materials with stable physical and mechanical
properties throughout a year, to shorten the technological processes, providing the
corresponding properties of an end product for its use, to minimize the energy consumption,
to substitute the completely or partly non-renewable resources to be cultivated for a long
period of time with some fast growing and productive resources.

Nowadays one of the most studied and demanded renewable resources of various
industry sectors are the fiber-based lignocellulose composite materials that are produced
globally in the quantity of ~ 4 billion tons per year, where of approximately 40 % of them are
provided by agricultural plants, and 60 % by forests. At the same time wood areas keep
shrinking, in some isolated parts of the world, their reduction already exceeds 80 %.
Nevertheless, along with the constantly increasing demand for board materials, the
consumption of timber grows. In order to reduce the load on ecosystems and to meet the
growing demand for the environmentally friendly products at the same time, the attention of
scientists and theoreticians is focused on development of new materials, including such
annually renewable raw materials of flora as hemp, flax, sugarcanes, cereal straw, etc. or their
processing residues in their composition as components.

In this aspect, hemp is a very promising, economically perspective cultivated plant,
which permits producing high harvests of hemp stems in the Latvian soil and climatic
conditions too and it is also a regenerating plant to the environment. In order to deal with the
issues of reintroduction of hemp, it requires a range of complex solutions, including
development of growths and agro technical complexes suitable for our climatic conditions,
development of procedures and technologies for harvesting and first time treatment,
permitting use of all parts of plants completely in the economically justified way, provision of
the raw material flow with suitable, stable properties for further processing, development of
new publicly needed end products, technologies of their production and use.

One of the possibilities to reduce the risk factors and to stabilize the properties of raw
materials of the flora is subjecting them to the wet - preservation processes, something that
has been practiced successfully in the food and live-stock farming sectors. Wet - preservation
of the raw materials to be processed industrially is a new direction, its development and

development of the suitable technological equipment has been started at the Leibniz Institute
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of Agricultural Engineering (ATB) in Potsdam at the end of the ninetieth in the researches
conducted by Tomas Hoffman, Ralf Pecenka, Christine Idler, Hans-Jorg Gusovius and
Ljubomir Radosaljevic. Between 1997 and 2005 much work has been done in development of
preparing and wet - preservation technologies of the hemp plants in the airless environment,
as well as some experiments conducted with various binding agents, integration of the wood
chips components for improvement of mechanical properties of board materials, including
some attempts to create some polypropylene binder boards and composites. As a result of the
conducted researches, the institute has developed a technology for harvesting and wet -
preservation of hemp, conducted several experiments on reduction of smells originating
during the process of fermentation, developed and produced a unique, experimental
technological line for processing of wet - preserved hemp, at the present moment it is in the
process of testing. It has also studied the impact of parameters of technological equipment of
processing operations on the properties of fleece and board samples. During the previous
researches some 10 mm thick samples of boards with the maximum density of 1140 kg/m®
were obtained, containing the components of some wet - preserved hemp and pine wood fibre
in the ratio of 6:4, experimenting with such binders as powdered and dissolved starch,
cellulose, marcs of rape, PLA (polyactic acid) solution, glucose, phenol-formaldehyde (PF)
adhesive, what enabled performing of the comparative bending resistance analysis, as well as
to assess the effects of the binding agent. Samples with the highest bending resistance of 48
MPa were obtained with the PF binder. Up to now there has been a relatively small attention
paid to development of prototypes of the board materials and heat insulation boards made of
100 % hemp fleece and studies of their spectrum of properties in the papers of previously

mentioned authors.

1.1. Topicality of theme

Despite the fact that so much has already been done, there are still some extensive
researches needed both to establish the nature of changes in the wet - preservation process of
hemp, and to develop some new materials and assess the spectrum of their properties,
studying possibilities of their improvement, as well as to gather information about the

potential fields of application are still topical.

1.2. Tasks and objectives of doctoral thesis

To develop some innovative prototypes of board materials, integrating the hemp
components obtained using the shortened technologies for processing of hemp stems into the

fiber — shives mix in their composition.
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To develop some innovative prototypes of composite materials, fully or partly

substituting the energy — intensive components with renewable, biologically degradable raw

materials.

The following tasks were set to achieve the objective:

= To create an overview on preparation technologies for integration of hemp
components in the board materials and biopolymer structures on the basis of
the published and unpublished information analysis;

= To perform the granulometric analysis of the raw materials obtained as a result
of the shortened hemp processing and to study the possibilities of their use in
the board materials;

= To develop solutions for compositions of composite and board materials, to
determine their technological parameters and testing methods;

= To develop samples, to prepare them for testing according to the standards/
methodologies;

= To perform testing of samples, to perform mathematical processing and
interpretation of the obtained results;

= To perform the analysis of physical and mechanical properties of the
comparative variants;

To establish the potential sectors of use of the offered materials, to define

recommendations.

1.3. Scientific novelty of doctoral thesis

there is created a new medium-density and low-density board material type that can be
classified as a general-purpose board material, but if the material is veneered it can
reach the properties of a structural material; as raw materials are used hemp straws
chopped on a field, then they are wet - preserved and for moisture equalize there are
added in a summer time harvested, on a field dried, chopped dry hemp stalks and
phenol-formaldehyde (PF) and urea-formaldehyde (UF);

there is done comparative analysis of a hemp fiber-shives mixture board properties.
The resulting mathematical models and their geometric interpretations allow to predict
the effect of wet - preservation time, extrusion intensity and adhesive type on the
physical and mechanical properties on the board material,

There is created a new fiber-polypropylene matrix composite type, and as
reinforcement there are used long technical hemp fibers that are prepared for
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incorporation in composite after its first-time processing (retting, decorticating, coarse
scutching);

= There has been done comparative analysis of fiber composite properties, there are
obtained mathematical models and their geometrical interpretation that allow to
predict the effect of fiber content and pressing temperature on composite’ s physical

and mechanical properties.

1.4. Practical importance of doctoral thesis

= The problems being solved in Doctoral thesis- development of a new product of
appropriate technological platform — it is a part of major international researches that
focus on a fundamentally new approach - the whole hemp straw is processed in board
materials, appropriate technology and technological equipment is created for
technological chain "Hemp field- boards”

= The developed material models with a relatively wide range of physical and
mechanical properties and the obtained mathematical models are the basis to start
designing the industrially produced materials according to the intended use in the
interior design and construction, as well as they draw attention of mechanical
engineers to the pilot equipment that can be transformed into variants of industrial
equipment.

= Shortened hemp processing technology is effective as there are reduced number of risk
factors in agriculture, significantly reduced number of technological paths and number
of operations to produce a board material; there is created environmentally friendly,
easily modifiable product, as well as an opportunity to build a non-waste production.
The expected price of board created from annually renewable resources developed on
experimental technological lines is 3.54 Ls/m?. It complies with the price of already
existing plant-based board average price, but it is on average 60% higher compared to
price of raw wood boards (MDF, OSB);

= There is received a confirmation of a patent application no. P-12-196 "Method to
produce raw material for boards from a short term wet - preserved hemp mixture"” for

granting of a patent in Latvian Republic.

1.5. Structure of thesis

The thesis is structured in four chapters:
The overview and analysis of literature is in Chapter 1. The chapter is divided into

four subchapters. The methodological part, where the production methods for samples of fiber
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boards and composites are viewed, is in Chapter 2. The test methods and equipment are
viewed in Chapter 3. On the basis of the previous chapters, generalization and interpretation

of the obtained information is done in Chapter 4.

2. SITUATION ANALYSIS

As a result of the viewed patents and the analysis of literature sources, it was established that:

e There is too large consumption of wood for production of fiber boards, which is a reason
for more and more intensive deforesting, in order to reduce it there are some options
sought for partial or complete substitution of wood in the board materials with the raw
materials supplied by the agricultural flora and/ or by-products of their processing;

¢ In the majority of researches the lignocellulose fibers of plants or plant residues, including
the fibers of flax and hemp and/ or shives, sugarcane fibers, wheat, rice and soy beans
stems, bamboo and eucalyptus fibers, fibers of maize and cotton fibers, jute and bamboo
fibers are used as substitution materials for production of fiber and chip boards;

¢ In the majority of researches the polycondensation adhesives are used as binders, adding
from 1 % to 20 % of the dry mass, most frequently 8-12 %; they are usually supplemented
by hardener (paraffin oil, ammonium chloride) ~ 1 %, adding a catalyst too if necessary. In
some researches, processing the prepared mass with 35 % hydrogen peroxide and
increasing the temperature up to 190 °C prior to pressing, the samples of boards were
obtained without any adhesive with the bending strength of 7-47 MPa and compactness of
870-1110kg/m®. The adhesive free boards of the plant origin are characteristic of 2 — 6
times more intensive swelling under the influence of moisture;

e In order to make smoother, more solid, and more compliant boards for coatings and
mechanical processing, the dimensions and composition of the fleece particles are changed
in one or both surfaces, as well as the content of adhesive is increased in one or both
surfaces: the average content of resin adhesive is 10 %, 6-8 % in the central layer and 8-
12% in the outer layers accordingly;

¢ In the researches the sample boards of the plant origin are made both with and without first
time pressing, which in its turn can be done under the pressure up to 3 MPa or even
0.05MPa,; it is also possible to apply the “cold” first time pressing. The period of first time
pressing is selected depending on the density of fleece, calculating 5 s per 1 density mm;

e Soaking of shives in hot water followed by drying and milling enables to obtain the

phenol-formaldehyde boards with 2 times higher tensile strength and up to 35% less
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swelling in the humid environment than the corresponding properties of the board samples
made of un soaked shives;

e The pressing modes vary: in the temperature range between 140 °C and 190 °C, the
pressure is from 1.5 up to 6 MPa, the holding period is from 4 to 11 min; pressing is done
in one or two attempts in a hot press varying density. There are also some multistage
pressing variants: two-stage (in the cold, followed by the hot press), three-stage hot
pressing varying density. Pressing is done from one side;

e acquired long-fiber plastic composite properties: epoxy-matrix tensile strength from 67.3
to 230 MPa and a tensile modulus of 5.7 to 36 GPa, with a polypropylene film-matrix
tensile strength of 50.88 MPa, a tensile strength of matrix polipienskabes 40.3 MPa. Fibers
in the composite varies from 10 - 65%, in most cases the maximum amount of fiber is
40%;

e Properties of the obtained fiberboard: a) with UF adhesive: compactness 600-800 kg/m®,
bending strength 4.77- 33 MPa, modulus of bending elasticity 1535-2935 MPa, tensile
strength perpendicular to the plane 0.415-0.8 MPa, tensile strength parallel to the plane
9.48- 31.38 MPa, swelling 24- 41 %, water absorption 77- 108 %; b) with PF adhesive:
compactness 580-1000 kg/m®, bending strength 12- 35.1 MPa, modulus of bending
elasticity 1800- 3290 MPa, tensile strength perpendicular to the plane 0.33-0.62 MPa,
tensile strength parallel to the plane 3.65 MPa, swelling 13.46- 15 %, water absorption
96%;

¢ Improvement of properties:

a) Add (pine) wood chips in the whole volume;

b) If there are several layers, orientate wood chips/ shives along the layers, changing their
arrangement in the direction of axis in one layer to the arrangement perpendicular to
the axis in the next;

c) Preparing fleece particles of a specific dimensions, for example, the length no less
than 20 mm, in the aspect ratio of 3:1;

¢ Industrially produce boards fully or partly made of raw materials of the plant origin:

d) German company “Kosche” produces the light furniture boards made of hemp shives;
their compactness depending on their thickness varies between 300 — 320 kg/m?,
bending strength of their boards ~ 5 MPa;

e) German company “Steico” produces heat insulation boards made of hemp fibers.
Compactness of boards is ~40 kg/m® and thermal conductivity ratio is A=0,040 W/m'K.
Their thickness varies from 40 to 200 mm.
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f) “TorZo” (US) produces boards made of hemp fibers impregnated with acrylic. Since
1956 the company in Holland manufactures thermo and acoustics insulation boards
with compactness ranging between 320 — 560 kg/m?®;

g) Belgian company “Unilin” manufactures furniture boards “UniFlax” made of flax with
looser central layer, making the outer layers more compact with wood chips enriched
with a binder. Compactness of the boards 350 — 500 kg/m®, they are fireproof and
sound absorbing;

e Both in the experimental samples and industrially manufactured boards fibers or chips
(shives) of the wooden portion are used as a raw material;

e PCL (Polycaprolactone); PBS (Poly butylenes succinate), PES (Poly ether sulfones), PHB
(Polyhydroxybutyrate), Starch, PLA (Poly lactic acid) are considered to be biodegradable
matrices. The poor strength indicators, the poor impact strength, the large ability of
moisture absorption, and the high price limit immediate use of these matrices.

e The most frequently used are PP (Polypropylene), PE (Polyethylene), NY11, AcC (Acetyl

cellulose) from the partly biodegradable matrices combined with natural fibers;

3. METHODS FOR PRODUCTION OF SAMPLES

Raw materials for production of composites:

o Fibers obtained as a result of traditional processing of the hemp growth ‘Bialobrezskie’;

e Polypropylene (PP) in the form of fibers.

Preparing of components of composite material fibers:

e Chemical processing of fibers with NaOH solution;

e Manual combing of fibers, making of planking — polypropylene fibers/ the long hemp
fibers/ polypropylene fibers; 4 groups of samples were prepared for testing, varying the
proportions (50 % and 70 % fibers) and pressing temperature (170 °C and 190 °C).

Testing of composite material samples:

e EN ISO 527-1:1993 “Plastics — Determination of tensile properties — Part 1: General
principles”;

e LVSEN ISO 62:2008 “Plastics — Determination of water absorption”

Raw materials for production of fiber boards:

e Hemp growth ‘Santicha 27’ cultivated in the test fields of Leibniz Institute for Agricultural

Engineering Potsdam- Bornim;
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e Polycondensation adhesives of phenol-formaldehyde (PF) and urea-formaldehyde (UF)
were used as binders.

Preparing of the board samples:

e Chopped mixture of hemp plants obtained as a result of the shortened processing
technology; it contains fibers, chops (shives) of the wood components, leaves and seeds.
The mixture was subjected to wet - preservation in the airless environment for 14 days and
365 days;

e In order to distribute moisture a dry hemp stem chopped with guillotine is used; wet -
preserved components ratio against the dry mass ~ 2:1 (an accurate ratio is calculated
based on the moisture content);

e 8 sample groups were prepared for testing, varying the wet - preservation period, keeping
the compactness of the fleece surface unaffected in the thickness of the used binders and
board sample.

Preparing of the board samples:

e The wet - preserved mixture of fibers and shive is mixed with chopped stems of dry hemp;
chopping and mixing of the first mixture is done in the twin screw extruder; the final
chopping of the mixture is done in the disc mill; the mixture of fibers and shive is dried in
the temperature of 150 °C; the material is mixed with the PF and UF adhesive; a 3-layer
fleece planking is made, it is cut accordingly; on the basis of the pressing modes, boards
are pressed in the heated press.

e In Leibniz Institute for Agricultural Engineering Potsdam-Bornim are obtained 125
board samples for every group of samples, there is a total of 1000 board samples prepared

for tests.

4. METHODS OF SAMPLE TESTING

The following tests were performed to test the properties of the hemp fiber — shives mix:

e Moisture content of components was determined with the mass method, using the
drying oven LHT4/60” and the laboratory scales “A&D GF-3000”, according to the
standard LSV EN 62:2008 prior and after mixing with binder;

¢ Distribution of fraction dimensions was determined with the sieving method, using the
sieving tower with six sieves, according to the standard LVS EN 933:2012,;

e Distribution of lengths and widths of the particles of the fiber — shives mix was

determined by the sliding scanner and the image analysis software “Fiber Shape”.
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The following tests were performed to test the properties of board samples of the hemp origin:

e Density of boards was determined, using the laboratory scales “A&D GF-3000” and the
digital sliding caliper “Topex PD 151, according to the standard LVS EN 323:2000;

e Bending strength and modulus of elasticity were determined, using the “Zwick/ Roell
7010~ testing equipment with an auxiliary device, according to the standard LVS EN
310:2001;

e Swelling and water absorption was determined, using the digital sliding caliper “Topex
PD 151” and the laboratory scales “A&D GF-3000”, according to the standard LVS EN
317:2000;

e Tensile strength perpendicular to the plane was determined using the “Zwick/ Roell
7010” testing equipment with an auxiliary device, according to the standard LVS EN
319:2000;

Thermal conductivity of the board samples was determined using the thermal
conductivity measuring equipment FOX600 by the company Lasercomp according to the
standard 1SO 8301:1991.

5. RESULTS

5.1. Technical properties of composite materials

The mathematical models (Tab. 1) in the form of an incomplete second degree
polynomial, which describes the moisture content, tensile strength and modulus of tension
elasticity depending on the content of hemp long fibre in the composite and the temperature of
production were calculated according to the values of the moisture content, tensile strength
and modulus of tension elasticity obtained in the testing process.

5.1.1. Moisture content

The water content studies show (Tab 1 Y;): the higher is pressing temperature and the
lower is the fiber content in the composite, the lower is content of the composite (2.81 %, if t=
190 °C and the specific weight of hemp fibers is 50 %): when the pressing temperature drops
and the fiber content increases, absorption increases 1.75 times (4.93%, if t= 170 °C and the

specific weight of hemp fibers is 70 %).

5.1.2. Change analysis of fiber surface

Depending on the intended use, it is possible to adjust the degree of fiber distribution

during the preprocessing process of phloem, as well as the cleanness of fiber complexes/
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filament surfaces. In the composite technologies it is very important to provide good bond of
fibers with the matrix substance, thus treatment with sodium hydroxide solution of 5 % (Fig.

2) 8 % (Fig. 3) can improve binding of the composite components significantly.

5.1.3. Tensile strength, Modulus of elasticity

As it is seen in the equation Y, of Table 1 and the surface of the geometrical
interpretation of the model — both the pressing temperature and the specific weight of fibers,
including their interaction, have a significant impact on the tensile strength, which is the
highest (65.5 MPa) with maximum filling and pressing temperature of 170 °C. Temperature
changes of pressing for 20 °C from 170 °C to 190 °C cause decreasing of the breaking
strength from 53.6 MPa to 21.2 MPa, that so for 60.4%, if the specific weight of fibers is 50
% and from 65.5 MPa to 47.4 MPa (for 27.6 %), if the specific weight of fibers is 70%.

The impact of temperature on the values of modulus of elasticity is much weaker:
changes of the pressing temperature from 170 °C to 190 °C produce reduction of the Young’s
modulus for 20 %, if the fiber ratio is 50 % in the composite; whereas the same temperature
difference with 70 % filling practically does not change the composite module, because the

difference of 5 % is within the limits of error (Fig. 4).

5.2. Technical properties of board

5.2.1. Moisture of fibres

The initial moisture of the protractedly wet - preserved (365 days) hemp fiber — shive
mix (PDH) is 2 % less than the FDH moisture of the wet - preserved mass for 14 days. In both
cases the moisture content decreases upon mixing it with the adhesive substance PF: for 2 %
(from 11.24 % to 13.20 %) in the material preserved for 14 days and for 3 % in the PDH
material (from 9.24 % to 12.24 %). Upon mixing with the PF adhesive, moisture of both
mixtures is lower than in the case, when the UF adhesive is used and moisture practically
does not exceed 12 %, which is the maximum permissible limit. The results of experiments
are summarized in Figure 5. In general, having assessed the moisture content in the fiber —
shive mix before and after the adhesive is added and having compared the changes caused by
two adhesives used in the experiment, we can conclude that use of the PF adhesive is more

effective from the point of view of composite technology.

5.2.2. Fraction dimensions analysis

The seven sieves used for sieving enabled us to determine the distribution of the

particle masses according to the dimensions of the sieve’s eye (Fig. 6).
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The largest specific weight is for fractions with the dimensions exceeding 2000 um,
for the PDH material they are 37 % of the total amount, but for the PDH material — 43 %.
Having mixed the material wet - preserved for twelve months with dry hemp, there are 17%
less big particles and 60 % more small particles obtained. For the FDH material the number of
these fractions is 16 % higher compared to the PDH material. Whereas a fraction with the
particle dimensions within the range from 500 to 1000 um of the wet - preserved component
(PDH) for 12 month exceeds the corresponding ratio of the wet - preserved component (FDH)
for 14 days for 30%. Dust ~12 % consists of fractions with the dimensions of 0-90 um and
90-160 um, which have a negative effect on the board’s tensile strength in the perpendicular
direction (Fig. 8). An optimum content of fiber components is obtained if the material

preserved for two weeks is mixed with the dry fiber material, resulting in more large particles.

5.2.3. Granulometric analysis of particles

During an extended wet - preservation process, the distribution of length of the
particles transforms from multimodal to single modal with slightly expressed right asymmetry
that probably provides even distribution of particles during the formation process of a board.
Distribution of width of the particles also obtains more organized structure during a longer
wet - preservation period becoming single modal with expressed left asymmetry. It means that
the largest specific weight is of the particles of smaller thickness up to 40um (Fig. 10). As it is
seen in Table 2, the length of 50 % particles is up to 562 wm in the mass preserved for 14
days. Increasing the wet - preservation period up to 12 months, it increases for 22 %, id est.
up to 686 um, whereas the width increases from 42 pm to 53 um, id est. for 25 %. Accordingly
the ratio of length towards width of a particle changes too, accounting for 26 % increase for
the wet - preserved mass.

The mathematical models in the form of an incomplete second degree polynomial,
which describe the results adequately depending on the thickness of the board and wet -
preservation period, calculated from the values of compactness, bending strength, modulus of
bending elasticity, tensile strength perpendicular to the plane, thermal conductivity obtained

in the testing process (Table 3).

5.2.4. Comparative analysis of density and mechanical properties of boards

Having compared the linear effect ratios of the equation Y4 it can be seen that the
thickness of a board is the main factor that determines its density. It results logically from the
experiment’s plan, where the square meter mass of raw material is a stated factor. Thus, the

thinner layer of one and the same volume is pressed, the higher the filling degree of filling
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with the fiber — shive mix is achieved and the higher is the obtained density of the board. The
impact of the wet - preservation period of fiber shive on the density of boards is small (the
level lines are practically parallel in sectional view); only with large filling of volume
increasing of the wet - preservation period adds a small increase of the board’s density, which
is justified by the echo surface (Tab. 3).

It can be seen in the equation Y5 and its interpretation area that in general the used
adhesive does not change the density nature of the board much, when its thickness and wet -
preservation period of its raw material change. Increasing the thickness of board twice (from 8
mm to 16 mm), its density reduces practically twice too. Speaking of the adhesive’s impact, it
is obvious that utilization of the PF adhesive increases the board’s density of an 8 mm board
for 12 %, for 17 % of a 16 mm board.

The obtained values of the boards of the board sample variants made according to the
work matrix of a complete factor experiment are showed in Table 4. The highest density was
obtained for the 8 mm boards, which was within the range of 734- 841 kg/m>. The 16 mm

boards have looser structure and lower density, which was within the range of 345- 419kg/m®.

5.2.5. Swelling of board samples and water absorption

Changes in thickness of the board samples made of the wet - preserved hemp with PF
adhesive are on average 16 % less than with other samples (Fig. 11). It is justified by the fact
that in the PDH variant from the hemp fiber shives mix moisture exudes under the influence
of lactic acids in the more extended fermentation process. Mixing it with the PF adhesive, the
wet - preservation effect provides better stability against the impact of moisture, which is
strengthened by the PF adhesive. More extended wet - preservation effect in the boards with
the UF adhesive is weakly expressed — on average the FDH-UF has 3 % less water absorption
than the PDH-UF. The most rapid changes in the thickness of samples can be observed
during the first 15 minutes.

The nature of changes in the mass of samples showed in the chart of Figure 12 is
similar to changes in the thickness of samples under the influence of water. Changes in the
mass are also smaller for samples made of the wet - preserved hemp mass, which are
strengthened with the PF adhesive: in the course of the test, the PDH-PF mass is on average
14 % less than in the samples of the mass preserved for 14 days (FDH-PF). The difference in
mass of the UF adhesive samples (FDH-UF and PDH-UF) does not exceed 4 %, that is within
the limits of error and thus the differences can be deemed as insignificant.
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5.2.6. Bending strength and modulus of elasticity

Boards of 8 mm with the compactness of 740 — 790 kg/m® and boards of 16 mm with
the compactness of 360 — 419 kg/m® were used in the tests. The coefficients of linear members
of equations are the same ranking numbers, which proves that the bending resistance reduces
both when the thickness of a board and the wet - preservation period are increased (it is
indicated by the negative signs of coefficients with x; and x). Since the coefficient of the
interaction effect is also important, the position of the corresponding echo surface in the space
of coordinates and its configuration is rather complicated.

In the PF adhesive samples of boards the wet - preservation period has more effect on
the bending resistance of more compact samples, whereas changes of the wet - preservation
period of the fiber based components of the bending strength of the small size samples within
the scope of the experiment has much less impact than in the absolute expression, which is
clearly showed in the equation Y and the geometrical interpretation area. When the wet -
preservation period is increased from 14 to 365 days, the bending strength of an 8 mm thick
board increases from 10.51 to 14.66 MPa, which is by 39 %. Respectively the bending
strength of a 16 mm board increases from 0.79 to 1.27 MPa, which is by 61 %, although the
absolute increase of strength 0.48 MPa is almost a layer smaller. Thus, when designing high
density boards in order to increase the bending resistance, it is recommended to choose the
fiber and shive mix wet - preserved for extended period of time.

It can be seen in the equation Y 7 and the geometrical interpretation area (Tab. 3), that,
by changing the wet - preservation period from 14 to 365 days, the bending strength of an 8
mm thick board decreases from 8.52 to 7.95 MPa, that is by 7 %. For a 16 mm thick board the
bending strength decreases from 0.78 to 0.64 MPa respectively, that is by 18 %. Within the
limits of the experiment, if the thickness changes within the range from 8 mm to 16 mm, the
bending strength of the board samples increased from 0.78 to 8.52 MPa. Thus we can
conclude from what was previously said that the bending strength of the 8 mm thick UF
adhesive boards with wet - preserved components for 365 days is better within the limits of
this experiment. Generally speaking, the bending strength is by 33% smaller for material with
the UF adhesive than it is with the PF adhesive (- 41 % PDH (365), -24 % FDH (14)).

Having compared the bending strength of the experimental boards with a range of
corresponding properties of the traditional materials of boards (Fig. 13), it can be seen that the
bending resistance of the PF adhesive board samples exceeds the bending strength of the
particleboard and hardilfex gypsum boards by 1.22 times, the respective indicator of the
particle board by 1.13 times. Compared with other results of researches available in the
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literature, the bending strength of the hemp fiber boards with density of 880 kg/m? is within
the range between 7.8 MPa — 20.8 MPa.

5.2.7. Determination of tensile strength perpendicular to the board’s plane

According to the mathematical model Y10 and the echo surface (Tab. 3), it can be
seen that if the thickness of samples changes from 16 mm to 8 mm, the resistance for breaking
the sample increased rapidly perpendicular to the plane. If the wet - preservation period
increases from 14 to 365 days, the tensile strength of the viewed 8 mm thick board slightly
decreases from 0.15 to 0.14 MPa, which is by 7 %. When the thickness of material increases
from 8 mm to 16 mm, the tensile strength perpendicular to the plane decreases from 0.15 to
0.01 MPa, which is by 15 times, if the wet — preservation period of raw material is 14 days
and from 0.14 to 0.01MPa, which is by 13 times, if the raw material has been subjected to 365

days of wet -preservation.

5.2.8. Thermal conductivity

As it is seen in Table 3 (Equation Y1 and echo surface), thermal conductivity of the
board samples changed within the range from 0.074 to 0.125 W/m'K. The smallest thermal
conductivity is for 16 mm samples with the wet - preservation period of hemp components
from 278 to 365 days. Thermal conductivity within the range between 0.08-0.09 W/mK can
be also provided by 14-16 mm thick samples with shorter wet - preservation period. When the
wet - preservation period increases, the thermal conductivity coefficient of the 8 mm thick
board increases within the range from A=0.112 to A=0.125 W/mK, that is by 12 %. The
thermal conductivity coefficient of a 16 mm board decreases within the range from A=0.076 to
2=0.074 W/m'K, which is by 3 %. When the thickness decreases, the thermal conductivity
coefficient increases from A=0.076 to A=0.112 W/m'K, if the raw material has been in the wet -
preservation mode for 14 days, and from 2=0.074 to A=0.125 W/m'K, if the raw material has
been in the wet - preservation mode for 365 days.

Compared to the wood-fiber board, both the 16 mm experimental board with the raw
material preserved for 14 days, and the board with the raw material wet - preserved for 365
days, the thermal conductivity and density are much lower (Fig. 15), whereas their thermal
conductivity can be compared with the respective indicators of rape, flax and reed boards; at
the same time the density of boards with rape and reed raw material is lower, but for the board
filled with flax it is higher than the densities of the previously mentioned experimental boards

of 16 mm thickness. The thermal conductivity coefficients of the 8 mm thick boards are lower
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than those of the wood-fiber board; however their densities do not exceed the density of the
wood-fiber boards to be taken into account.

5.2.9. Indicative economic assessment of the hemp mixture board

Based on the cost structure of ATB experimental production line, in the table nr.5
there is showed the distribution of costs according to one square meter of the board.

Based on the fixed and variable costs that are calculated for the experimental
production line of ATB, the approximate price of one square meter is LVL 3,54 that is close
to in the market existing boards’ price. The variable costs are LVL 3,35 per square meter, but
the fixed costs based on three shift work are LVL 0,20 per square meter.

The author prognoses that is the boards would be produced in bulk, the price would
decrease by 15-20%. Taking into consideration that the calculations are made based on
experimental lines where some more specialists, except the line operator, should be atrracted,
starting the production on large scale production lines, it would be possible to decrease the
labor costs. It is very beliavable that also energy costs could decrease as the large scale
production lines are projected more energy efficient.

Hemp board costs are higher compared to wood based boards. The price difference
can be explained by fact that hemp boards are produced on experiemental line with higher
labor costs and the capacity of this line is low. At the same the price forraw material of hemp
fiber mixture board is LVL 17,15 for m®; it is 14% lower than the price of wood chips- LVL
20 for m®.

5.2.10. Ecological assessment of boards made of hemp — shives mix

Fiber hemp as a raw material for production of composites and boards deals with
practically all ecological issues, that threaten the future of mankind, as well as it is also a
highly productive, not very demanding, and good for cultivation agricultural plant. The
aesthetical and mechanical properties of prototypes can be improved by laminating, covering
with textiles, for example, flax/ hemp fabric of different textures. In order to obtain fully
ecological material of boards, the synthetic adhesives should be substituted with the natural

products, such as lignin available in the hemp fractions, starch, etc.

5.2.11. Application of boards made of hemp — shives mix

The types of boards developed in the thesis might have a wide application both in the
interior design, and construction. Both the 8 mm and 16 mm boards can be used as raw

materials in the raw material frame constructions — furniture facades, partition walls of
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workplaces. The pasted over boards can be used both in the panels of decorative walls and
ceilings, as well as in the table surfaces, if there is some thickened board placed under them,
for instance in the “Logo” product range of KATE, LLC. The potential of the material is
extended by its good possibilities of veneering and laminating. Due to its loose structure, the
16 mm thick material of boards is a good heat and sound insulation material. It can be also
used as raw material in the sandwich-type boards.

The 8PDH-PF board samples have the highest bending strength. Veneering them with
0.7 mm cut veneer of ash-tree from both sides and binding the veneering with the board with
120 g/m? of polyvinyl acetate D3 (PVA) adhesive, the bending strength of the board increases
by 52 %, reaching the average value of 30.7 MPa (Tab. 6), which is enough to use the board
as a construction material, provided that the bending strength established according to the
standard EN 622 is 25 MPa in such load baring constructions as in the bodies of furniture,

table surfaces, and systems of shelves.
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CONCLUSIONS

1. Use of chopped wet - preserved hemp for production of boards permits usage of the whole
stem, including its leaves and seeds. It makes obtaining of the raw material independent
from the weather conditions, the material storable in a compact way, reduces changeability
of its properties, shorten the processing cycles significantly, reduce their power-intensity
and simplify the technological processes, at the same time creating a necessity to develop
new types of products, test their properties, and determine their areas of application.

2. The long fibers of the technical hemp growth ‘Bialobrezskie’ used to armature the
composites of laminated polypropylene matrix treated with a sodium hydroxide solution,
varying its volume in the range from 50 % to 70 % and the pressing temperature from 170
to 190 °C, permit obtaining the composites with the moisture absorption within the range
from 2.8 % to 5 %, the tensile strength within the range from 21 to 66 MPa and from 1960
to 3800 MPa within the range of the Young’s modulus, it opens the potential to create the
load bearing constructions, which can be biodegraded when their service period is over.

3. The traditional processing of hemp is labor-consuming, depends on the climatic conditions
and there are a large percentage of residues created during the processing procedure with a
limited use. Therefore it is topical to seek solutions, how to use the cultivated resources in
a more valuable way, shortening the technological procedures, providing the flow of raw
materials with solid technological properties, creating new end products, improving their
properties, thus reducing their costs, as well as minimizing any harm to the nature as a
result of the processing and utilization procedures.

4. On the basis of mass ratio of 1:22 of the dry and wet - preserved components of the hemp
growth ‘Santicha 27’ determined in the estimates on the experimental technological line
developed and patented in 28 countries by the Leibniz Institute for Agricultural
Engineering (in Potsdam), the fleece planking with the density of surface 6.7 kg/m? was
developed, which is subjected to 7 stage pressing in the temperature of 180 °C under the
pressure of 10’ Pa upon cutting into boards with the dimensions of 1200 x 800 x 100 mm,
creating four 8 mm thick and four 16 mm thick series of board samples with two types of
binders: phenol-formaldehyde resin (PF) or urea-formaldehyde resin (UF).

5. Changing the wet - preservation period from 14 to 365 days and the thickness of samples
from 8 to 16 mm, the physical and mechanical properties of samples of the PF binders are
within the following intervals:

e for 8 mm samble the thickness changes in moisture influence is 2 mm (in moisture

24h), wet - preservation time is 365 days;
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e density for 8 mm samples is on average 820 kg/m®, but for 16 mm samples- 412 kg/m?;

e for 8 mm samples the bending strength is 14.66 MPa and the elastic modulus in static
bend is 1603 MPa if the preservation time is 365 days;

e for 16 mm sample the termo conductivity coefficient A= 0.074 W/mK if the
preservation time is 365 days.

6. Changing the wet-preservation period from 14 to 365 days and the thickness of samples
from 8 to 16 mm, the physical and mechanical properties of samples of the UF binders are
within the following intervals:

e for 8 mm samble the thickness changes in moisture influence is 5.3 mm (in moisture
24h), preservation time is 14 days;

e density for 8 mm samples is on average 737 kg/m®, but for 16 mm samples- 355 kg/m?;

e for 8 mm samples the bending strength is 8.52 MPa and the elastic modulus in static
bend is 1107.6 MPa if the preservation time is 365 days;

7. The boards of 8 mm thickness with the PF binder made of the raw materials of hemp wet -
preserved for 365 days have a higher density and higher bending strength indicators, but
also have a larger thermal conductivity, approaching the average showings of wood-pulp.
The material is good for pasting over. The boards coming after post-treatment of surface
have a wide application in the interior decorations, constructions of frame fillings, furniture
facades, partition walls of workplaces.

8. The boards of 16 mm thickness with the PF and UF binders and smaller filling of the hemp
mass are significantly lighter, with a rather low thermal conductivity and can be used as
sound and heat insulation materials, as the middle layers in the multilayer packets, if
necessary, increasing the sound and heat insulation properties. Pasting over the 8PDH-PF
board with 0.7 mm cut veneer, the bending strength of the board reaches 30.7 MPa, which
is sufficient to use the board as a construction material, provided that the bending strength
established according to the standard EN 622 is 25 MPa in such load baring constructions
as in the bodies of furniture, table surfaces, and systems of shelves.

9. The research was conducted in the doctoral thesis, where for the first time a board of the
hemp fiber — shives mix was created, where the raw material was fermented for 14 days
and a dry hemp plant was used to equalize the moisture, on the basis of review of 135
sources of literature and deep practical and theoretical analysis. The obtained boards were
veneered for the first time (patent application no. P-12-196) and their technical and
mechanical properties were tested. The composite material was developed, where the long

fibers of hemp were used as raw material and as a matrix in the form of polypropylene
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fibers. Varying the orientation of fibers in the layers, the material of laminated structure

can be obtained, which is well suitable for use as a composite material in the load bearing

constructions.

10. The approximate price of a board produced on experimental machinery is 3.54 Ls/m? , but

if the boards would be produced in a bulk, the price would decrease for at least 15-20%.

11. A possibility to improve the structure of the board made of the hemp fiber — shives mix:

Adding some wood-pulp fibers to the mix;

Varying parameters of the granulation mix;

Varying the dimensions of fractions and the quantity of binders in the cameras,
creating a structure of several layers;

Varying the moisture content aimed at establishing the most optimum one;

Optimizing the pressing parameters (temperature, pressure, pressing modes);
Establishing, how long wet - preservation period passes while the distribution of
dimensions of particles stabilizes;

Joining two layers of fleece, providing symmetrical outer layers.
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