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1. Darba visparigs raksturojums

Temas aktualitate

Koksnes ka resursa galvena priekSrociba ir atjaunojamiba.
Apméram tresdalu no zemes virsmas klaj mezi un, ja §1 resursa patéréSana
ir ilgtsp&jiga un talredziga, tad to var dévét pat par neizsmelamu. Tas ir
ipasi svarigi Sodienas apstaklos, kad fosilas izejvielas avotu krajumi
pasaulé sariik, turklat koksne ir veidojusies fotosint€z€ no atmosferas
oglekla dioksida un tdens, tap&c tas pielietojums nepalielina CO, emisiju.

Latvija ir bagata ar koksnes resursiem. Visizplatitaka koku suga gan
starp skujkokiem, gan kopuma ir priede (Pinus sylvestris L.) ar kraju
242 milj. m® (41.6% no kopgjas koksnes krajas). Ziemelvalstis un Sobrid
ar1 Latvija pieaug interese par Klinskalnu priedes (Pinus contorta Dougl.
var. latifolia Engelm) introducé$anas iesp&jam, TpaSibu izp&ti un
pielietojumu. Veiktie p&tijumi pierada, ka ta ir sp&jiga konkurgt un parspet
parasto priedi produktivitates zina, tapeéc nepiecieSams salidzinat arl
ieglistama $kiedru materiala Tpasibas un potencialu. Globalo vides izmainu
izraisita siltaka un sausaka klimata dél paplaSinas regioni, kuros laika
apstakli ir labveligaki tie$i lapu kokiem, ka arT meZsaimniecibas strategijas
ir tendétas sugu daudzveidibas saglabasana un pat palielinasana, tadel
jaukto koku mezZi aizvien vairak aizvieto monokultiiru skuju koku mezus,
kas bija un ir izplatiti Eiropas centralaja dala. No lapkokiem Latvija
izplatitakais ir berzs (Betula pendula Roth.) ar koksnes kraju 162 milj. m’®
(28% no visas koksnes krajas) un tam seko apse ar 27 milj. m® kraju (5%
no koksnes krajas)'. Lai palielinatu koksnes kraju, daudzviet pasaulé ir
populara atraudzigu lapkoku sugu izmantoSana neapstradatu vai no
lauksaimniecibas zemém transformétu plantaciju apstadiSanai. Latvijas
klimatiskajiem apstakliem par piem&rotu atzits un izm&ginats ir Amerikas
apses (Populus tremoloides) un parastas apses (Populus tremula L.)
krustojums, kura p&cnacgjos pirmaja paaudz€é novérojams heterozes efekts
— augSana starpsugu krustojuma p&cnacgji ir paraki salidzinajuma ar katru
no vecaku sugam. Sis sugas koksne ir pétita gan citds valstis, gan arT un
atzita par piemerotu koksnes produktu izejvielu.

Tomér, lai koksni ka resursu izmantotu ilgtsp&jigi, to nepiecieSams
izmantot pilnvertigi — ar maksimali augstu lietderibu. Lielu dalu apalkoku
sortimentu parstrada zagmaterialos, finierT vai arT izmanto stabu razosanai.
Katra no §tm apalkoksnes parstrades tehnologijam veidojas koksnes
atlikumi jeb blakusprodukti, kurus parsvara parstrada zemas pievienotas

1http://www.vmd. gov.lv/valsts-meza-dienests/statiskas-lapas/publikacijas-un-
statistika/meza-statistikas-cd?nid=1809


http://www.vmd.gov.lv/valsts-meza-dienests/statiskas-lapas/publikacijas-un-statistika/meza-statistikas-cd?nid=1809
http://www.vmd.gov.lv/valsts-meza-dienests/statiskas-lapas/publikacijas-un-statistika/meza-statistikas-cd?nid=1809

vertibas produktos, pieméram, biokurinamaja. Lielu dalu bérza koksnes
izmanto saplakSpa razoSana - 2013.gada Latvija sarazota saplaksna
apjoms’ sasniedza 250 000 m®. Saplaksna razo$ana péc aptuvenam aplésém
2/3 koksnes veido atlikumu jeb blakusproduktus, kuru lielako dalu pasreiz
izmanto nepietiekami efektivi. Razotajs plano paaugstinat blakusproduktu
izmantoSanas efektivitati, mekl&jot iespgju izmantot to par izejvielu
inovativu produktu ar paaugstinatu pievienoto vertibu razoSanai. Tatad -
gan priedes ka izplatitaka suga, gan lapkoki ka sugas ar lielu pieauguma
potencialu, gan to kokriipniecibas atlikumi ir nozimigi koksnes resursi
Latvija.

Koksnes skiedru iegliSana un parstrade produktos ir viens no
koksnes izmantoSanas veidiem. Pieprasijums péc koksnes Skiedram
pasaulé ar katru gadu pieaug®, to pielietojuma robeZas ir plasas, pieméram,
papirs, MDF platnes, siltumizolacijas platnes u.c. Visus Sos materialus
veido Skiedru telpisks tikls ar dazadam 1pasibam, ko nosaka Skiedru
savstarpgja saistiSanas sp&ja. No tas atkariga starpskiedru saiSu noturiba
produkta un Iidz ar to arT produkta 1pasibas. Papira razo$anas nozare, kas ir
lielakais koksnes Skiedru patérétajs, no iespiedpapira tirgus parorientgjas
uz ilgtspéjiga, bionoardosa iepakojuma materiala razo$anu®, kam bez
produkta mehaniskas stipribas ir virkne citu pasibu, pieméram, absorbcijas
sp&ja un gaisa caurlaidiba, un tas atkarigas no izmantoto Skiedru saisti$anas
spgjas. Bitisks priekSnoteikums Skiedru saistiSanas nodroSinasanai ir
kontakts starp tam. Produktos ar mazu blivumu skiedru kontakts ir
ierobezots, tap€c nepiecieSams papildus risinajums saistiSanas speju
uzlaboSanai.

Nemot vera skiedru resursu pieejamibu un dazadibu Latvija, gan no
zinatniska, gan praktiska viedokla nepiecieSams izvertet ieglistama Skiedru
materiala saistiSanas sp&ju potencialu un ta uzlaboSanas iespgjas.
Fundamentalas zinaSanas par vietgjas izcelsmes koksni, tas struktdru,
Skiedram, to saistiSands sp&jam un uzlaboSanas iespg&jam ir
prieksnoteikums to atbildigai un maksimali efektivai izmantoSanai.

Darba meérkis
Petjjuma merkis ir Latvija augoSu koku sugu koksnes Skiedru
saistiSanas sp&ju uzlaboSana ar mehanisku prieksapstradi un no vietgjiem,
dabiskiem resursiem iegiitam piedevam.

*http://www.finieris.lv/docs/file/par_mums_faili/LatvijasFinieris_LV.pdf

*http://www.lenzing.com/en/investors/equity-story/global-fiber-market.html

“http://www.prnewswire.com/news-releases/global-recycled-paper-packaging-market-2015-
2019---increased-demand-for-sustainable-packaging-300094733 .html


http://www.finieris.lv/docs/file/par_mums_faili/LatvijasFinieris_LV.pdf
http://www.lenzing.com/en/investors/equity-story/global-fiber-market.html

Darba uzdevumi

Merka sasniegSanai izvirziti sekojosi p&tnieciski uzdevumi:

o izdalit koksnes Skiedras ar kimiskas un mehaniskas metodes palidzibu,
noteikt to Ipasibas;

e novertet malSanas ietekmi uz koksnes skiedru saistiSanas spgjam;

¢ noteikt no apses hibridu koksnes iegiitas celulozes nanodalinu piedevu
ietekmi uz Skiedru saistiSanas sp&jam;

o noteikt cictes piedevas ietekmi uz Skiedru saistiSanas sp&jam.

Darba hipoteze

Promocijas darba izvirzita sekojosa pétnieciska hipotéze - no
Latvija augusas koksnes izdalitu Skiedru saistiSanas sp&jas iesp&jams
uzlabot ar skiedru mehanisku priekSapstradi un/vai, pievienojot no
dabiskiem resursiem iegfitas piedevas.

Zinatniska nozimiba

e Pirmo reizi padzilinati pétitas un salidzinatas Latvija auguSu un
introducétu priezu (Pinus sylvestris L., Pinus contorta Dougl. var.
latifolia Engelm) koksnes §kiedru ipasibu izmainas mehaniskas apstrades
procesa.

e Pirmo reizi padzilinati pétitas un salidzinatas Latvija auguSu un
selekcionétu apsu (Populus tremoloides, Populus tremuloides Michx. x
Populus tremula L.) koksnes $kiedru ipaSibu izmainas mehaniskas
apstrades procesa.

e Pirmo reizi kompleksi pétitas Latvija auguSu bérzu mehaniski izdalitu
Skiedru 1pasibas.

e Ar inovativu nanodalinu iegiiSanas metodi, veicot to regeneraciju no jonu
Skidruma, izdalitas celulozes nanodalinas no Latvija selekciongtu apsu
hibridu koksnes.

e Jegiits un pétits inovativs lapkoku skiedru produkts — skiedru platnes, ka
arl pétita dabiskas izcelsmes Itmvielas (cietes) ietekme uz Skiedru
saistiSanas sp&ju izmainam taja.



Praktiska nozimiba

o Rekomend@ta jauna kokriipniecibas atlikumu izmantoSanas iespgja no
saplaksna razoSanas blakusproduktiem iegiit siltumizolacijas materialu.

¢ Paaugstinats koksnes izejvielas lietderigas izmantoSanas koeficients.

e [zstradata receptiira zema blivuma platnpu razoSanai, izmantojot tikai
dabas produktus.

Promocijas darba struktiira un apjoms

Promocijas darba struktira ir pakartota izvirzitajiem darba
uzdevumiem. Pirma nodala ir literatiras apskats par Skiedram koksng,
izdalitu Skiedru Ipasibam un to saistiSanas sp&ju uzlaboSanas iesp&jam.
Otra nodala ir petjjuma izmantoto materialu un metozu apraksts. Tresaja
nodala, kas satur piecas apaksSnodalas, izklastiti p&tjjumu rezultati par
parastas priedes, Klinskalnu priedes, bérza, parastas apses un apsu hibridu
koksnes Skiedru saistiSanas sp&ju izmainam (uzlaboSanu) malSanas un
piedevu lietosanas ietekmg. Skiedru saisti§anas sp&ju izmainu novértgsanai
pétiti skiedru atlgjumi un platnes. Darbu noslédz ceturta un piekta nodala,
kas ir nozimigakie secinajumi un praktiskas rekomendacijas.

Promocijas darba apjoms ir 138 lappuse, informacija apkopota 6
tabulas un 111 attelos, izmantoti 193 literatiiras avoti. Darba nosléguma
formuléti 9 galvenie secinajumi un sniegtas 4 praktiskas rekomendacijas.
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2. Materiali un metodes

Skiedru materiala iegiiSana

Promocijas darba uzdevumu izpildei izmantotas no Latvija,
vienados augSanas apstaklos auguSu parastas priedes (Pp), Klinskalnu
priedes (Kp), parastas apses (A), apSu hibrida (AH) un ara bérza (B)
koksnes ar kimiskas delignifikacijas jeb sulfatcelulozes iegisanas metodi
izdalitas Skiedras un no saplakSna razoSanas blakusproduktiem — B
koksnes serdenu Skeldam ar termomehanisko metodi (TMM) izdalitas
Skiedras.

Kimiska delignifikacija veikta LVKKI Celulozes laboratorija,
reaktora ar tilpumu 2 litri, procesa parametri: aktiva sarma koncentracija
varskiduma — 57.4 g I'' (Na20 vienibas), sulfiditate 29.8 %, hidromodulis
4.5:1. maksimala delignifikacijas temperatiira 165°C, delignifikacijas laiks
75 min. TMM process veikts Koksnes tehnologiju instituta Drézdeng,
Vacija, ANDRITZ rafinier1 12-1 CPH, procesa parametri: termiskas
apstrades spiediens 9 bar, apstrades laiks 3...4 min, attalums starp rafiniera
smalcinasanas diskiem 0.14 mm.

Skiedru ipasibu noteik$ana

Lai veiktu Skiedru mériSanu koksng, no koksnes Skersgriezuma
ripas izgriez 2 x 2 cm paraugus. P& 72 h iztur€Sanas destiléta tideni no
katra parauga ar ziletes palidzibu iegiist 15..20 pm biezus griezumus,
kurus mikroskop€ (palielinajums 400 x) ar caurejosas gaismas mikroskopu
“Leica DMLB”, kas savienots ar videokameru ,Leica DFC490”. 150
agrinas koksnes un 150 vélinas koksnes Skiedram nosaka lumena laukumu,
lumena diametru, skiedras diametru radiala un tangenciala virziena un
Skiedras sieninas biezumu, izmantojot att€lu apstrades programmatiiru
“Image-Pro Plus 6.3”.

Izdalito Skiedru mikroskopiju (SEM) veic ar SEM Vega Tescan
5136MM (30...5000 x palielinajuma). Lignina saturu Skiedras nosaka
saskana ar standartu ISO 302:2004, izmantojot papirmasu KAPPA skaitla
noteikSanas iekartu P51000. Sl,(iedru izmérus, formu, smalknes
daudzumu tajas nosaka saskapa ar standartu ISO 16065-2:2014,
izmantojot automatisko iekartu ,,FiberTester”. gl,(iedru ipatnéjo virsmu
nosaka ar slapekla adsorbcijas izotermu metodi pie -196°C, izmantojot
KELVIN 1042 sorbtometru. gl,(iedru titréjamo skabo grupu -OH saturu
nosaka ar skabes-bazes konduktometriskas titréSanas metodi, izmantojot
CDM 210 Meter Lab. gl,(iedru maluma gradu (°SR) jeb drenazas sp&ju
nosaka saskana ar standartu LVS EN ISO 5267-1:2003, izmantojot PTI

10



pneimatisko ickartu. Skiedru spéju noturét iideni nosaka saskana ar
standartu ISO 23714:2014, izmantojot centrifigu MLW T23.

Ar merki uzlabot Skiedru saistiSanas sp&jas veic kimiski izdalito
Skiedru malSanu 7100£37, 14000+£69 un 21000+73 PFI apgriezienus
(Npr) saskana ar standartu LVS EN ISO 5264-2:2011 iekarta PFI MILL,
kura cilindriskas formas dzirnavu argja kamera griezas ar atrumu
720420 apgr. min”' un tas ick8pusé taja pasa virziena griezas rievots disks
ar 33 metala izvirzijumiem un atrumu 1440+30 apgr. min" (sk. 2.1.att.).
leksgja diska izvirzijumi saskaras ar aréjas kameras iekSgjo sienu ar
spiedienu 3.33 N uz izvirzijuma 1 mm.

Lai novertétu Skiedru saistiSanas sp&ju izmainas, izmanto divu tipu
Skiedru produktu modelus — Skiedru atléjumus, kas sniedz informaciju
par papirveidigu produktu ipasibam, un koksnes Skiedru platnes (KSP),
kuram, papildus Skiedru saistiSanas sp&jai tajas, nosaka arl citas Sai
produktu grupai raksturigas Tpasibas.
gl,(iedru saistiSanas spéju izvertéjums
atlejumos

Skiedru atléjumus iegiist
saskana ar standartu LVS EN ISO 5269-
2:2005, izmantojot Rapid Kothen
iekartu.  Kartupelu cieti  (razotajs
ALOJA-STARKELSEN) un celulozes
nanodalinas (CND) atl&jumos lieto ka
Skiedru saistiSanas sp&ju uzlaboSanas
piedevas. Atseviskos gadijumos
atlgjumiem pievieno Na,B40;-10H,0
(NaTB) un H3;BO; (BS) (granuléti,
razotajs Etimadan, Turcija), bet ka
salidzinamo saistiSanas sp&ju
uzlaboSanas piedevu izmanto PVA
(polivinilacetata Itme). CND iegiist no
AH koksnes izdalitam Skiedram, pirms
tam veicot balinasanu (10% H,O0,, un
1.5% NaOH, skiedru masas konc. 6%,

2.1.att. PFI malSanas
iekarta’ (no angl. val: roll —
rotgjosais disks ar
80°C, 90 miniites). No balinatas Skiedru F.IZV“Z”umlem)f 5
S . o g . ig. 2.1. PFI mill
masas iegtst mikrokristalisko celulozi

* Yasumura P.K., D’Almeida M.L.O., Park S.W. (2012) Multivariates of statistical evalution
of physical properties of pulps refined in a PFI mill. O Papel, No. 73 (3), p. 59-65.

11



(MKC), modificgjot Lakas un Chernyavskayas (2007)° termokatalitisko
metodi. No iegitas MKC saskana ar Man et al. (2011) metodi’ iegiist
CND: ~ 1 g MKC ieber 50 ml koniska kolba, masas attieciba 1:10
pievienojot jonu Skidrumu BmimHSO, un karsgjot maisa, lidz MKC
iz8kidis un maisijums kliist homogeéns un p&c tam vel 1 h 100°C. Reakciju
partrauc, pievienojot destiletu fideni. legiist baltas nogulsnes, veic apstradi
ultraskanas vanna 6 miniites, tad centrifigé 5 x 5000 apgr., péc katras
reizes dekantgjot dzidro Skiduma dalu. P& nogul$nu atmazgasanas
pievieno destilétu @ideni un uzglaba +4°C temperatira. CND pievieno
Skiedram 10% un 30% daudzuma, rekinot uz a.s. Skiedru masu, pirms tam
suspendgjot destiléta tident ar ultraskanas palidzibu. MKC un CND veic
FTIR spektroskopiju (One Perkin Elmer spektrometrs), paraugus
sagatavojot Retsch MM200 bumbu dzirnavas.

Skiedru atléjumu biezumu méra saskana ar standartu LVS EN ISO
534:2012, izmantojot stacionaro mikrometru F16502. Gramazu jeb masu
uz laukuma vienibu nosaka saskana ar standartu LVS EN ISO 536:2012.
Stiepes izturibu un triikS§anas garumu nosaka saskana ar standartu LVS EN
ISO 1924-2:2009, izmantojot stiepes pretestibas meriekartu Tensile tester
vertical F81838. Skiedru atlgjumu caurspiesanas stipribu nosaka saskana ar
standartu LVS EN ISO 2758:2014, izmantojot caurspieSanas spiedienu
mériekartu Burst Tester for Paper. Atlgjumu gaisa caurlaidibu nosaka
saskana ar standartu ISO 5636-3:2013, izmantojot Air permeance Tester.
Atlgjumu virsmas raupjumu méra saskana ar standartu ISO 8§791-2:2013,
izmantojot Bendsten Tester. Atl§juma virsmas slapinasanas lenki nosaka
saskana ar standarta TAPPI 458cm:2004 prasibam, izmantojot iekartu
OCA20. Izmantojot spektrofotometru Elrepho nosaka atlg§jumu baltumu
saskana ar standartu ISO 2470-1:2009, gaismas izkliedi un absorbciju
saskana ar standartu ISO 9416:2009.

Skiedru saistiSanis sp&ju izverteéjums koksnes Skiedru platnés

KSP iegiist ar slapjo platnu veidosanas metodi no TMM bérza
Skiedram, izmantojot Koksnes kimijas institita izgatavotu iekartu
(sk. 2.2.att.). Iekarta sastav no Skiedru platnes forméSanas dalas, kas
izgatavota no mitrumizturiga saplak$na. Skiedras sajauc ar tideni Iidz
homogeénai masai (Gidens - Skiedru attieciba 31...32), pievieno cietes

® Laka M., Chernyavskaya S. (2007) Obtaining microcrystaline cellulose from softood and
hardwood pulps. BioResources, No.2(3), p.583-589.

” Man Z., Muhammad N., Sarwono A., Bustam M.A., Kumar M.V., Rafiq S. (2011)
Preparation of cellulose nanocrystals using an ionic liquid. Journal of Polymer and the
Environment, No.19, p. 726-731.
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Skidumu un NaTB vai BS. Platne tiek formeta uz stikla Skiedras sieta,
savukart tas novietots uz perforétas saplaksna pamatnes. Zem tas atrodas
tidens nosiices dala, no kuras Gidens tiek novadits kanalizacija. Sagatavoto
Skiedru masu lej platnu gatavosanas iekarta, lauj pasnosiikties, péc tam ar
spiedienu 11767 Pa nospiez lidz vajadzigajam biezumam. Iegiita KSP ir ar
izmériem 40x40x4...4.5 cm. KSP iznem no iekartas un zavé 60°C lidz ta
izzuvusi (~24 h), atdzes€, nosver, nomera, aprékina blivumu péc formulas:
— mkfp
P = o 1000, (1

kur  p—KSP blivums / density of the WFB, kg m™;

myg, — KSP masa / mass of the WFB, kg;

a, b, ¢ — KSP izméri / dimensions of the WFB, m.

T

2.2.att. Koksnes Skiedru platnes
formésanas iekarta
Fig. 2.2. Equipment for forming of wood
fibre board

KSP  kratidanas” tests imité transportéianu, parvietofanu un
rezultats atklaj $kiedru saistiSanas sp&jas platné. No KSP izzage 14x14 cm
paraugus ta, lai svaigs zagg€jums butu visas 4 sanu skaldnés, augsgjo un
apaksgjo skaldni aplimé ar izolacijas materialu, lai nodroSinatu materiala
nobirumu tikai no saniem. Paraugu sver un ievieto Retsch sieta, to ievieto
sietu kratitaja AS 200 uz 120 minGtem.
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Pec kratiSanas testa veikSanas paraugu sver un aprékina svara

zudumu p&c formulas:
Noy = 2. 100% 2
% — m, 0, ( )
kur Ny, — $kiedru nobirums / weight loss of fibres, %;
m,, — parauga masa péc kratiSanas / mass of the sample after
shaking, g;
m, — parauga sakotn&ja masa / the initial mass of the sample, g.

No iegiitajiem KSP sagatavo 20x20 c¢m izméru paraugus, kuriem
nosaka siltumvaditsp&jas koeficientu A iekarta Linseis HFM 200/300/600
saskana ar standartu LVS ISO 8301:2001.

KSP ugunsreakcijas noteik§ana: paraugu iestiprina stativa kas
novietots uz svariem Kern 1500EW, un pret to paver§ atklatu liesmu
(deglis Rofire Piezo 1900) 30 sckundes, péc tam liesmas iedarbibu
partrauc. Noveéro parauga degSanas procesu un ogles veidosanos atklatas
liesmas laika (30 sekundes) un talakas gruzd€Sanas laika, registréjot svara
izmainas ik pa 5 sekundém 3 mindites un bridi, kad paraugs ir parstajis
gruzdgt.

Datu statistiska apstrade

Petijuma  ieglito  skaitlisko rezultatu  vidgjos  lielumus,
standartnovirzes aprékina, regresijas analizes vienadojumus un
determinacijas koeficientus nosaka, izmantojot Excel 2010 (Microsoft
Office). Rezultatu atskiribas starp datu grupam bitiskumu, faktoru ietekmi
uz mainigajiem lielumiem un faktoru korelacijas aprékina, izmantojot
SPSS Statistics v 17.0.
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3. Skiedru saistiSanas spéju uzlaboSanas iespéjas

Skiedru saistiSanas spgju izmainas noverotas Skiedru mehaniskas
apstrades un piedevu lictosanas ietekmé.

3.1. Skiedru mehaniskas apstrades ietekme
Skiedru pasibas

MalSanas jeb mehaniskas apstrades laika uz Skiedru iedarbojas to
deformgjosi speki® un mainas kiedru virsma, ka ari to iek$&ja struktiira,
notiek fibrilleSanas. S| slanis dalgji vai pilniba tiek atrauts un fibrillgjas
sliktak, jo taja fibrillas novietotas perpendikulari P slani izvietotajam.
Salidzinot ar nemaltam Skiedram, vizuali var vérot pakapenisku P-S; slanu
atdaliSanos, masa ir atrodami no Skiedras atdalijusies P-S; slanu fragmenti
(smalkne), S, slanis ir atsegts un dalgji fibrillgjies — Skiedra ,,spurojas”
(sk.3.1.att.).

3.1.att. Sl,(iedras a - péc izdaliSanas no koksnes, b - péc 7000 npp; malSanas.
Fig.3.1. Pulp fibres a —after pulping, b - after refining 7000 npg,.

Starp skujkoku (SK) $kiedru smalknes daudzumu un npy; konstatéta
cieSa (r=0.73), biutiska (p <0.05) korelacija, tas palielinas batiski
(p <0.05) péc katra npp piecauguma sola. Skiedru formas faktors bitiski
(p < 0.05) samazinas saskana ar linearas regresijas modeli (R*=0.73) gan

8 Gharehkhani S., Sadeghinezhad E., Kazi S.N., Yarmand H., Badarudin A., Safaei M.R.,
Zubir M.N.M. (2015) Basic effects of pulp refining on fiber properties—A review.
Carbohydrate Polymers, No.115, p. 785-803.
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SK, gan LK gadijjuma. SK Skiedras garums p&c 21000 npg batiski
(n<0.05), lineari (R*=0.96) samazinas, bet platums nemainas. Ta ka
mehaniskas apstrades rezultata radusas Skiedru garuma izmainas ir
nelielas, tas praktiski neietekme Skiedru saistiSanas sp&jas. P&c npg; 21000
malSanas Skiedru fibriléSanas rezultata par 37% palielinas to Ipatngja
virsma, izmainas ir batiskas (p <0.05) un tas izskaidro linears regresijas
modelis (R*=0.94). Skiedras patngja virsmas rezultati ciesi (r = 0.99) un
butiski (p <0.05) korelé ar hidroksilgrupu (-OH) daudzumu, kas ir tieSs
Skiedru saistiSanas sp&ju potenciala raditajs un arT uzrada bitisku (p < 0.5)
un linearu (R* = 0.99) pieaugumu, palielinot ngp;.

Skiedru malSanas tiesais rezultativais raditajs ir maluma pakape, ko
izsaka Sopera — Riglera grados °SR, un kas cie§i (r=0.92) un bitiski
(p < 0.05) korelg ar npp; Analizgjot SK un LK $kiedru °SR vid. rezultatus,
konstatéts, ka pie npr; 21000 koksnes suga ka faktors neietekmé (p > 0.05)
rezultatu, bet starprezultati pie npp; 7000 un 14000 SK un LK Skiedru
starpa butiski (p < 0.05) atskiras. LK Skiedru °SR palielinajums atkariba no
npp; atbilst linearas regresijas modelim (R2= 0.99), bet SK skiedras uz
mehanisko iedarbibu respondé citadi - °SR palielinajums atbilst
eksponenciala modela formai (R*= 0.96). SK 8kiedram °SR pie npp; 7000
nav mainijies (p > 0.05), bet pie npr; 14000 pieaug par 94% un pie
npr; 21000 par 250%. LK Skiedru °SR palielinas par 85% jau pie npg; 7000
un turpmakais pieaugums ir vienmérigs, tatad LK skiedru gadijuma
nepiecieSams mazaka mehaniska apstrade, lai iniciétu Skiedru formas,
virsmas un struktiiras izmainas (sk. 3.2.att.).

°SR palielinajums ir malSanas izraisits efekts un saistiSanas sp&ju
uzlaboSanas blakusefekts, bet tas nav apstrades mérkis, jo lidz ar to
palielinas tUdens drenazai, ko izsaka #idens noturibas koef. vertiba,
nepiecieSamais laiks un tas var traucet skiedru produktu formesanu. SK un
LK 8kiedru tidens noturibas koef. izmainas butiski (p < 0.05) ietekm€ npg;,
bet, Skiedrai sasniedzot maluma gradu 30°...40°SR, koef. sasniedz noteiktu
lielumu un pétitaja npg; vertibu intervala nemainas. Tatad pie npr;< 21000
Skiedras sasniedz maksimalo sp&ju piesaistit tideni.

Salidzinot konkurgjoso priezu sugu mehaniski neapstradatu skiedru
izme@rus, vienigd konstatéta butiska atskiriba (p < 0.05) ir to platuma - Kp
Skiedras ir platakas par Pp Skiedram, bet veicot malSanu npp Pp Skiedras
sasniedz 54°SR, kas ir butiski augstaks (p < 0.05) rezultats par Kp 42°SR.

No koksnes izdalitas AH Skiedras ir garakas un Saurakas (abos
gadfjumos p <0.05) par A Skiedram, bet, uzsakot malSanu, ne °SR, ne
tdens noturibas koef. rezultatos nav biitiskas atskiribas (p > 0.05).
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3.2.att. Ar Kimisko metodi izdalitu skujkoku (SK) un lapkoku (LK)
Skiedru maluma grada palielinaSanas malSanas ietekmé.
Fig.3.2. An increase of Shopper Riegler degree of chemical pulp fibres of
softwood (SK) and hardwood (LK) depending on refining.

gl,(iedru saistiSanas spéju novértéjums produktos

Skiedru savstarpgjas saistiSanas sp&jas ir iespgjams noteikt arT tiesi,
pétot individualu $kiedru kontaktvirsmas laukumu un sai$u stiprumu’,
tomér visbiezak lieto netieSo metodi, izmantojot Skiedru produktu pasibu
noverojumus. Lai novert€tu Skiedru saistiSanas sp&ju mainu mehaniskas
apstrades ietekm&, promocijas darba ietvaros no pétamo koku sugu
Skiedram iegiist to atl§jumus. Gan atl§jumu virsmas taktilas un vizualas
izmainas, gan veikto p&tijumu rezultati liecina par to Tpasibu mainu, tatad —
par izmainam $kiedru saistiSanas spgjas. Skiedru paru saisu stipriba ciesi
korelg ar skiedru produkta fizikali mehaniskajam pasibam'® (fiz. meh. 1p.),
tapéc, balstoties uz pétijuma iegiitajiem atlgjumu fiz. meh. ip. uzlabosanos,
var apgalvot, ka Skiedru mal$ana bitiski uzlabo to saistiSanas sp&jas. Gan
SK, gan LK $kiedru atléjumu stiepes energijas absorbcija (J m™, SEA),
stiepes indekss (Nmg", Stl), caurspiesanas indekss

? Kappel L., Hirn U., Bauer W., Schennach R. (2009) A novel method for the determination
of bonded area of individual fiber-fiber bonds. Nordic Pulp & Paper Research Journal, No.24
(2), p-199-205.

! Torgnysdotter A., Kulachenko A., Gradin P., Wagberg L. (2007) The Link Between the
Fiber Contact Zone and the Physical Properties of Paper: A Way to Control Paper Properties.
Journal of Composite Materials, No.41(13), p.1619-1633.
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(kPa m* g’l, CI, sk.3.3.att) un trikSanas garums (km, TG) butiski
palielinas (p < 0.05) jau pie npg; 7000.

e e}

[N e
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Cl, kPam?2 gt
Bursting index, kPam2 g1

0 7000 14000 21000
PFI1 apgr.

PFI revolutions

mm—— SK LK Linear (SK) ----- Linear (LK)

3.3.att. Skujkoku (SK) un lapkoku (LK) kimiski izdalitu $kiedru
atléjumu caurspieSanas indeksa izmainas malSanas ietekme.
Fig.3.3. Bursting index of handsheets from softwood (SK) and hardwood
(LK) fibres depending on refining.

Turpinot palielinat npg;, fiz. meh ip. uzlabojums nav tik straujs, bet
tas ir bitisks (p <0.05), ja salidzina rezultatus pie npr; 0 un 21000. SK
fiz. meh. ip. rezultati ir butiski (p <0.05) augstaki par LK atlgjumu
rezultatiem pie visiem npgy, ka arT visu $kiedru atl§jumu fiz. meh. Ip. un npg;
saista butiska (p < 0.05) un ciesa (r = 0.8...0.9) korelacija.

Savstarpgji salidzinot priezu sugu Skiedru atlgjumu fiz. meh. 1p.
atkariba no npp, konstatets, ka nemaltu Skiedru atl§jumu starpa nav
butiskas atskiribas (SEA, CI, p > 0.05) vai arT Kp rezultats ir zemaks neka
Pp (Stl, TG). Palielinot npp, Kp atlgjumi uzrada bitiski (p <0.05)
augstakus rezultatus, tatad skiedru malSanas ietekm& Kp skiedru saistiSanas
sp&jas attistas straujak, kaut ari to sakotngja pozicija ir zemaka. A un AH
Skiedru atlgjumu fiz. meh. p. rezultati savstarpé&ji neatskiras (p > 0.05), bet
ir butiski zemaki (p < 0.05) par B $kiedru atlgjumu rezultatiem pie visiem
Npgy.

legiitie Skiedru atl&§jumu mehaniskas stipribas uzlabo$anas rezultati
ir saskana ar citos pétijumos™'"'? uzraditajiem. Galvenais faktors $kiedru
saistiSanas sp&ju uzlabosanai ir to argja un ieksgja fibrillesanas. Fibrilletas

"' Banavath H. N., Bhardwaj N.K., Ray A.K. (2011) A comparative study of the effect of
refining on charge of various pulps. Bioresource Technology, No.102(6), p. 4544-4551.

2 Bhardwaj N.K., Hoang V., Nguyen K.L. (2007) A comparative study of the effect of
refining on physical and electrokinetic properties of various cellulosic fibres. Bioresource
Technology, No.9 (8), p. 1647-1654.
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Skiedras veido ciesaku tiklojumu, kas lauj vienmerigak sadalit pielikto
mehaniskas iedarbibas speku, un uzlabojas to produktu fiz. meh. 1p.
Prognozgjams, ka, palielinoties npg;, fiz. meh. 1p. pieaugs, lidz sasniegs
piesatinajuma punktu un tad samazinasies, jo parak ilgas mehaniskas
apstrades ietekmé& dal&jas vai pilnigas destrukcijas dé] Skiedru saistiSanas
sp&jas saks pasliktinaties.

Skiedru saisti§anas sp&ju uzlabosanas rezultata palielinas atlgjumu
gaisa caurlaidibas pretestiba (GCP) un samazinas virsmas raupjums (VR).

SK $kiedru atlgjumu VR ir butiski (p < 0.05) augstaks par LK gan
nemaltu $kiedru gadijuma, gan pie visiem npr;. VR samazinas lecienveidigi
(sk. 3.4.att.) gan SK, gan LK $kiedru atl€§jumiem pie npr; 7000 bet, turpinot
palielinat npg;, butiski nemainas. Kp skiedru atlgjumi ir batiski (p < 0.05)
gludaki par Pp skiedru atl§jumiem pie visiem npg;.

Promocijas darba petijuma iegitie rezultati liecina, ka, lai iegiitu
rakstampapiram nepiecieSamo VR, Skiedras nepiecieSams mehaniski
apstradat vismaz npg; 7000.

30 600
R?=0.93 / -
/ c
N R2=0.99 R>=1.00 / 400 E
o —_
o / €
LD = / 0:'
- - }_ - = V4 >
10 ‘ ——=A_ e 200
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0 fm e em e == == . Lo
0 7000 oo apgr. 14000 21000

PFI revolutions

@ SK, GCP /LK, GCP 4 SK, VR ¢ LK, VR
3.4.att. Skujkoku (SK) un lapkoku (LK) kimiski izdalitu Skiedru atléjumu
gaisa caurlaidibas pretestibas (GCP) un virsmas raupjuma (VR) izmainas

malSanas ietekme.
Fig 3.4. Resistance of air permeance (GCP) and surface roughness (VR) of
handsheets from softwood (SK) and harwood (LK) chemical pulp depending on
refining.

Npr palielinasanas bitiski (p <0.05) palielina gan SK, gan LK
Skiedru atlegjumu GCP. Konstatéta ciesa (SK r=0.83; LK r=0.77) un
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butiska (p < 0.05) korelacija GCP un npg starpa un vidgji ciesa (SK r= 0.7,
LK r=0.5) un butiska (p < 0.05) korelacija GCP ar smalknes daudzumu.
Smalkne aizpilda tuks$as vietas starp Skiedram, tadejadi palielinot Skiedru
tikla gaisa caurpludes pretestibu. SK un LK S$kiedru atlgjumu GCP
atkaribas no npp; modeli atSkiras (sk. 3.4.att.) — LK Skiedru atl§jumu
rezultats palielinas vienmerigi sakot no npp; 7000, kamér SK skiedru
atlgjumu GCP bitiski palielinas tikai sakot no npp; 14000.

Nemaltu Kp skiedru atlgjumu GCP ir zem noteiksanas robezas, tas
liecina par to vajo saistiSanas sp&ju, bet pie npr 21000 bitiski (p < 0.05)
parspgj Pp GCP rezultatu. Ta ka priezu skiedru produktu fiz. meh. 1p.
pieaug biutiski jau p&c npr; 7000, bet GCP biutiski pieaug tikai pie npg
14000, $o skiedru produkti var tikt izmantoti filtrpapiru veidosanai, kuriem
pie labas gaisa caurlaidibas nepiecieSama arT augsta stipriba.

LK skiedru atlegjumu GCP atkaribu no npg; (sk. 3.4.att.) izskaidro
linears sakaribas modelis. Nemalta veida un pie visam npg; vertibam A
Skiedru atlgjumu GCP ir bitiski (p < 0.05) augstaks par AH un B atl§jumu
rezultatiem. Materiala GCP var izmantot ka netiesu indikatoru citu Ipasibu
novertésanai — Skidrumu caurlaidibai, Gidens vai ellu absorbcijas sp&jai, ka
ar1 skidrumu un gazu filtréSanas potencialam.

MalSanas rezultata uzlabojuSos saistiSanas sp&ju pierada arl
atlgjuma slapinasanas lenka (SL) izmainas, turklat konstatéto vidgji cieSo
korelaciju (r=0.6) apstiprina ari fakts, ka, jo npp lielaks, jo atlgjumu
virsmas sp&ja atgriist Gideni ir labaka. SL cie$i (r=0.9) un butiski
(p<0.05) korele ar atlgjumu tdens uzsikianas speju (UUS), kura
samazinas par 50% (p <0.05) p&c npr 21000. Palielinoties Skiedru
saistiSanas spé&jai, tas novietojas ciesak viena pie otras, veidojot vairak un
stiprakas saites un sakartotaku strukttiru, kura tidens molekulu ieklt$ana ir
apgritinata. Pie npg; 0...14000 SK un LK $kiedru atlejumu UUS butiski
neatskiras, bet pie npp; 21000 SK Skiedru atlegjumu UUS ir biitiski mazaka
(p<0.05) par LK Skiedru atlg§jumu rezultatu, tom&r bez piedevu
pievienoSanas nevar panakt, pieméram, rakstampapiram nepiecieSamo
hidrofobitati.

glgiedru atlegjumu optisko ipasibu rezultati ciesi korelé gan ar npg;
(r=0.7 SK; r=0.9 LK), gan fiz. meh. 1p. rezultatiem, kas norada uz to
atkaribu no Skiedru saistiSanas sp&jam. Atléjumu baltums biitiski (p < 0.05)
pazeminas tikai p&c npp; 7000 gan SK (-21%), gan LK (-15%), un npg;
talaka palielinaSana baltumu nemaina. LK Skiedru atl§jumi ir batiski
(p <0.05) baltaki par SK skiedru atlgjumiem pie visiem npp. Skiedru
atlgjumu baltuma izmainas npg ietekmé var izskaidrot ar logaritmiskas
funkcijas modeliem (SK R*=0.84; LK R*=0.85). SK skiedru produktu
gaismas izkliedes koef. (GIK) par sartik ~40% pé&c npp; 7000 un vairak
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nemainas; gaismas absorbcijas koef. (GAK) samazinas pakapeniski —
izmainas klust bitiskas tikai p&c npp; 14000. LK produktu GIK un GAK
izmainas ir lidzigas — ir strauyj§ un batisks (p <0.05) rezultata
samazindjums p&c npp; 7000 bez talakam izmainam. Skiedru atlgjumu GIK
un GAK rezultati uzrada cieSu un bitisku korelaciju: LK $kiedru gadijuma
r=0.77 un SK skiedru gadfjuma r=0.70 (abos gadijumos p <0.05).
Salidzinot priezu Skiedru rezultatus, Pp skiedru atlgjumi ir butiski
(p <0.05) baltaki par Kp skiedru atl§jumiem p&c npg; 7000...21000. A un
AH skiedru atlgjumu optisko Tpasibu rezultatu atSkiribas svarstas, atkariba
no npg, tomer tas nav biitiskas neviena no posmiem. Apsu skiedru atlgjumi
kopuma ir baltaki (p < 0.05) par B skiedru atlgjumiem.

3.2. Piedevu lieto§anas ietekme

Piedevu lietoSana ir otrs promocijas darba pétijuma izveletais
koksnes skiedru saistiSanas sp&ju uzlaboSanas virziens. Izvertgjot piedevas
izveli, tika izvirziti §adi kriteriji:

* sp&ja kimiski vai cita veida saistities ar koksnes Skiedru;

* sp&ja uzlabot Skiedru savstarpgjo saistisanos;

* izcelsme, priekSroku dodot no koksnes vai arT citas biomasas iegiistamam
vielam;

* paSieguves iespgja, pec iespgjas izmantojot vielas, kas ieglistamas
petijuma laika laboratorijas apstaklos;

 Latvijas Republika razota viela, ja pasieguve nav iesp&jama.

Nemot véra koksnes Skiedru produktu nozares pieredzi, zinatniskos
petijumus un LV Koksnes kimijas institita Celulozes laboratorijas
iespgjas, ka piedevas tika izveletas:

* no AH koksnes izdalitas celulozes nanodalinas;

* Latvija razota kartupelu ciete.

3.2.1. Celulozes nanodalinu piedevas

No AH skiedram ar jonu S$kidrumu palidzibu ieglito CND
pievienoSana fibrilletam B Skiedram samazina to Ipatn&jo virsmu, kas ir
pretruna ar zinatniskaja literatira atrodamo informaciju un prognozeto
rezultatu. B skiedru (p&c npg; 21000) Tpatngja virsma samazinas no 2.5 Iidz
23 m’g’, ja tam pievieno 30% CND. Skaidrojums meklgjams iegito
dalinu Tpasibas, ka arT dalinu un Skiedru saistiSanas mehanisma Tpatnibas.
Jonu skidruma metode CND iegliSanai ir relativi jauna, to iegisanas
metodika tika balstita uz 2011.gada publicétu metodi’, to nemainot.
Zinams, ka celulozes dalinu iegliSanas procesam ir nozimiga ietekme uz
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Ipasibam, tomér iegiito dalinu raksturlielumi nebutiski at$kiras no ar citam
metodém iegiitu CND raksturojuma'®. Apstiprinot secindjumu par CND
piedevas negativo ietekmi uz Skiedru saistiSanas sp&jam, konstatets, ka
CND piedeva Skiedram samazina atlgjuma fiz. meh. 1p., turklat — jo lielaks
piedevas apjoms, jo zemaka SEA, StI, CI un TG. Promocijas darba
petijuma skiedru atlg§jumu fiz. meh. 1p. papasliktinaSanos izraisa Skiedru
saistiSanas sp&ju samazinajums, kas savukart sniedz informaciju par
Skiedru un izvéleto CND mijiedarbibu. Ta ka Skiedras ir mehaniski
apstradatas, to potencials H saisu veidoSana ir paaugstinats, bet, iesp&jams,
ka tas izveidojas tiesi starp Skiedru un CND, tada veida samazinot $kiedras
aktivo virsmu saiSu veidoSanai ar citam Skiedram. Ap Skiedru veidojas
sliktas saistibas slanis, un ir skaidrs, ka ar $adu metodi iegitu CND
pievienoSana mehaniski apstradatam Skiedram ne tikai neuzlabo, bet pat
vajina to saistiSanas spgjas. lesp&jams, ka apstrades ar jonu skidrumu laika
MKC nav pilnvertigi transformgjusies par CND, tapec dalgji darbojas ka
MKC, kuras 5...20% piedeva nemaina Skiedru atlgjumu fiz. meh. 1p., bet
tas pasliktina, ja pievienota ¥kiedram vairak ka 20%'*. Datu statistiska
izpete atklaj, ka faktoru (npp; un piedevas daudzums) mijiedarbibai nav
butiskas ietekmes uz Skiedru atlgjumu fiz. meh. Ip. izmainam (p > 0.05),
bet, apskatot tos daliti, CND piedevas daudzumam ir bitiska (p < 0.05),
bet negativa ietekme uz visam apskatitajam mehaniskas izturibas ipasibam.

10% CND piedeva par 18% samazina Skiedru atl§juma VR, jo savu
izméru dé] gan NCD, gan iesp&jamais MKC atlikums saistas ar skiedram,
bet nesaistijusas dalinas aizpilda brivas vietas, uzlabojot produkta virsmas
Ipasibas. Palielinot piedevas daudzumu produkta Iidz 30%, nevienmériga
izkartojuma starp Skiedram vai, iesp&jams, agregatu veidosanas dél
palielina VR Iidz bezpiedevu atlgjuma [imenim. Ari skiedru atl§jumu GIK
paaugstinasanas CND piedevu ietekmé liecina par nesaistijusos dalinu
klatbutni.

3 Rozenberga L., Vikele L., Vecbiskena L., Sable 1., Laka M., Grinfelds U. (2016)
Preparation of nanocellulose using ammonium persulfate and method’s comparison with
other techniques. Key Engineering Materials, No.674, p.21-25.

Vikele L. (2011) Dabas poliméru ka bionoardoso piedevu izmantoSana papira fizikali
mehanisko ipasibu uzlabosana: Magistra darbs, LU, Riga, 61 Ipp.
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3.2.2. Cietes piedeva

Cietes piedeva $kiedru atléjumos

Cietes ietekmes uz Skiedru saistiSanas sp&ju pétisanai ka test€jamais
Skiedru pamatprodukts tika izveléts B Skiedru maza blivuma platne. Bet,
lai modelétu paredzamos uzlabojumus un Ipasibu izmainas, piedeva tika
pievienota ar1 LK S$kiedru atlg§jumiem no Kimiski izdalitam un TMM
Skiedram, un novertétas skiedru saistiSanas sp&ju izmainas tajos. Ka
salidzinama saistviela lietota PVA, jo ta ir gan razosana, gan sadzivé
visplasak pielietota Itme Skiedru produktu — papira, kartona — limé&Sanai.
Planojot $kiedru platnes izveidi, tika pieversta uzmaniba ar citam Sai
Skiedru produktu grupai nepiecieSamajam IpaSibam, piemeram,
ugunsreakcijai, tadel ka potencialie antipiréni tika izveleti NaTB un BS, un
pievienoti cietei arT Skiedru atlgjumos, lai izvertétu piedevu kompozicijas
ietekmi uz Skiedru saistiSanas sp&jam.

Gan piedevas veidam, gan daudzumam ir bitiska (p < 0.05) ietekme
uz Skiedru atlgjumu StI palielinasanos, tatad - Skiedru saistiSanas sp&ju
uzlaboganos. Skiedru atlgjumi ar cietes piedevu uzrada augstakus St
rezultatus neka atlegjumi ar PVA piedevu, bet kompozicija ciete+NaTB
paaugstina StI bitiski (atSkirtbas p <0.05) vairak, neka ciete un PVA
(sk. 3.5.att.).
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3.5.att. Kimiski izdalitu Skiedru atléejumu stiepes indekss (StI) atkariba
no piedevas veida un daudzuma PVA — polivilnacetata Iime, NaTB natrija
tetraborats, antipiréns.
Fig.3.5. Tensile index (Stl) of handsheets from chemical pulp fibres
depending on sort and amount of additive, Ciete — starch, PVA —
polyvinilacetate glue, NaTB - sodium tetraborate.
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Konstatets, ka fiz. meh. p. paaugstinasanos (p <0.05) inicié arl
minimals piedevu daudzums 0.1...0.4% no Skiedru masas, bet uzlabojums
ir v€l ieverojamaks, ja piedevu kompozicijai pievieno ne tikai NaTB, bet
arT BS (sk. 3.6.att.).

Skiedru atlgjumu fiz. meh. ip. paaugstinas, jo kompozicija
cietetNaTB notiek reakcija starp vienu no D-glikozes hidroksilgrupam ar
vienu no tris NaTB reakcijas centriem, veidojas Skerssaites un
ick§molekularas H saites, kas izraisa cietes esterifikaciju. Vienlaikus
veidojas H saites starp cietes un celulozes molekulam lidzigas struktiiras
del un nav izslégtas saites starp celulozi un NaTB, ka rezultata tiek raditas
vél stiprakas starpskiedru saites.
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Ciete ®CietetNaTB ®Cietet+NaTB+BS
3.6.att. TMM skiedru atléjumu stiepes indekss (StI) atkariba no
piedevas veida un daudzuma, NaTB — natrija tetraborats, BS — borskabe.
Fig.3.6. Tensile index (Stl) of handsheets from TMP pulp fibres
depending on sort and amount of additive, Ciete — starch, NaTB - sodium
tetraborate, BS — boric acid.

Cietes piedeva $kiedru platné

Skiedru saistiSanas sp&jas Skiedru materidlos ar mazu blivumu,
pieméram, siltumizolacijas platngs, ir apgriitinata, jo skiedras nav
novietotas cie$i viena pie otras, kas ir priekSnoteikums starpskiedru saisu
veidosanai. Skiedru saisti§anos platnu modelos veicina tidens klatbiitne
form&Sanas procesa, jo kapilarie speki samazina attalumu starp Skiedram,
veidojas H saites, notiek Skiedru saviSanas un sapiSanas.
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Skiedru platnu modeliem ar lielaku cietes daudzumu nobirums
(metodiku sk. 2. nodald) ir mazaks, neka paraugiem ar mazu cietes
daudzumu, tas ir tieSs pieradijums Skiedru saistiSanas sp&ju pieaugumam.
99% no Skiedru nobiruma izmainam cietes daudzuma izmainu intervala
0...2.5% sakr1t ar logaritmiskas regresijas modela piedavatajam sakaribam
(sk. 3.7.att.).

Palielinot cietes piedevu 0.05...0.5%, nobirums samazinas par 44%
(p <0.05), turpinot paliclinat piedevu 1...2%, nobirums samazinas vél par
27% (p>0.05, tatad nebutiski). Skaitliskos rezultatus apliecina ari
praktiskie noverojumi darba gaitad — paraugi ar minimalu cietes piedevu
putgja ieveérojami mazak, neka paraugi bez piedevas. Samazinot Skiedru
platnes nobirumu, var ietekmét reala produkta kvalitati, atvieglot
transport€Sanu un iestradi buivkonstrukcijas. Samérojot piedevas izmaksas
un ieglto efektu, secinats, ka optimalais cietes piedevas daudzums
produkta ir 0.1...0.5 %. Cietes piedevai ka faktoram ir butiska (p <0.05)
ietekmi uz nobirumu, Sos divus faktorus vieno ciesa un biitiska korelacija
(r=0.86; p <0.05).
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3.7.att. Bérza koksnes serdenu TMM $kiedru platnes nobirums
atkariba no pievienota cietes daudzuma.
Fig.3.7. Weight loss of fiber board, made of TMP fibres from core of
birch wood

Pie nemainigiem iegiiSanas un pres€Sanas apstakliem, cietes
pievienoSanas rezultata nedaudz palielinas Skiedru platnes modela blivums.
Palielinot cietes piedevas daudzumu 0.05...2%, blivums pieaug par ~5% un
95% no blivuma un cietes piedevas daudzuma sakaribam izskaidro
logaritmiskas regresijas modelis (sk. 3.8.att.).
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Blivuma palielinasanas pamata ir gan parauga masas tiesSs
pieaugums uz piedevas masas rékina, gan cietes izraisita smalko dalinu
aizture, kas cita gadijuma butu izskalotas no Skiedru matricas @idens
nostiksanas posma. Tas nozimé, ka cietes pievieno$ana platnes forméSanas
posma uzlabo Skiedru un smalknes saistiSanas sp&jas un tadéjadi samazina
Skiedru smalknes zudumus. TMM $kiedru gadijuma smalknes daudzums ir
29.5 % un to piesaistiSana produktam, nepasliktinot Tpasibas, ir ieguvums
gan no notekiidenu tiribas, gan izejvielas lietderigas izmantoSanas
viedokla.
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3.8.att. Bérza koksnes serdenu TMM skiedru platnes blivums atkariba
no pievienota cietes daudzuma.
Fig 3.8. Density of fiber board, made of TMP fibres from core of birch
wood.

Lai arT izveidotie un testétie paraugi ir koksnes Skiedru platou
modeli ar potencialu biit par siltumizolacijas produktiem, tie tika apskatiti
ka Skiedru savstarpgjas saistiSanas pétiSanas matrica, nevis ka produkta
prototips. ST iemesla péc pasibu izvérteanai tika pielietotas metodes, nav
kas razoSana un tirgii esoSo produktu standartprasibu nodrosinasanai
atbilstosas, bet taja pasa laika lauj novértét piedevu ietekmi uz Skiedru
platnes modela 1pasibam (arT siltumizolacijas un ugunsdrosibas konteksta).
Cietes piedevai neparsniedzot 0.1% un pargjo piedevu kopsumma nav
lielaka par 20%, Skiedru platnes siltumvaditspgja bitiski nemainas,
paliekot robezas 0.040...0.043 W m™ K™, kas ir pietickami, lai materials
varétu tikt uzskaitits par izol§joSu, ka ar1 ir Iidzvertiga tirgii pieejamo
koksnes Skiedru platnu siltumizolacijas TpaSibam.
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P&tot ugunsizturibas 1pasibas, konstatets, ka Skiedru platnes modela
paraugs bez piedevam aizdegas liesmas pielikSanas bridi, dega ar liesmu,
strauji zaudgjot masu, turpinaja degt un gruzdét I1dz masas atlikumam 2%.
Cietes piedevas ietekme uz ugunsreakciju netika noverota, bet, pievienojot
NaTB un BS, degSana ar liesmu netiek noveérota ne tieSas liesmas
iedarbiba, ne talakas gruzdéSanas laikd. NaTB un BS zinami ka koksnes
ugunsizturibas uzlabotaji, tie nelauj degt ar atklatu liesmu un pat slapg to,
jo savas relativi zemas kuSanas temperatiras (743°C NaTB un 171°C BS)
del veido plévveida kartu uz ta materiala virsmas, kura ir iestradati vai
kuram uzklati.
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4. Secinajumi

Pamatojoties uz veiktajiem petijumiem saskana ar darba merki un
uzdevumiem, secinats:

1. izdaliSanas metode un koka suga batiski (p <0.05) ietekmé izdalito
Skiedru frakcionalas, kimiskas un virsmas Ipasibas, no kuram savukart
ir atkarigas to saistiSanas spgjas;

2. ar kimisko metodi izdalitam Skiedram ir relativi gluda virsma, kas
paredz nepiecieSamibu p&c to mehaniskas priekSapstrades saistiSanas
sp&ju uzlabosanai;

3. no bérza koksnes serdeniem ar mehaniskajam metodém izdalito skiedru
liela smalknes satura (22.7% KTMM un 29.5% TMM) dél japaredz vai
nu frakciongSana pirms lietoSanas vai jauzlabo Skiedru saistiSanas
sp&jas smalknes piesaistei masa;

4. skiedru mehaniskas apstrades ietekmé batiski (p < 0.05) uzlabojas par
Skiedru saistiSanos atbildigas ipasibas: Skiedru aktiva virsma, -OH
grupu daudzums, smalknes daudzums masa;

5. salidzinot priezu sugas, mehaniskas apstrades ietekme efektivak uzlabo
introducétas Klinskalnu priedes Skiedru saistiSanas sp&jas;

6. apses Skiedram nepiecieSams Tsaks mehaniskas apstrades laiks neka
apSu hibrida skiedram, lai sasniegtu vienadas skiedru saistiSanas spgjas;

7. Skiedru mehaniska apstrade (malSana): butiski (p <0.05) paaugstina
Skiedru produktu mehaniskas ipaSibas (parasta priede<Klinskalnu
priede; apse=apSu hibrids); samazina gaisa caurlaidibu (parasta
priede>Klinskalnu priede; apse<apSu hibrids); palielina virsmas
gludumu (parasta priede<Klinskalnu priede; apse=apSu hibrids);
samazina ddens uzslicamibu (parasta priede=Klinskalnu priede;
apse=apsu hibrids); samazina baltumu un gaismas izkliedi (parasta
priede>Klinskalnu priede; apse=apsu hibrids);

8. no apses hibridu koksnes ar jonu skidrumu metodi iegttas celulozes
nanodalinas pasliktina Skiedru saistiSanas spgjas;

9. cietes piedeva 0.1...0.5 % apjoma bitiski (p <0.05) uzlabo TMM
Skiedru saistiSanas spg€jas gan skiedru atlg§jumos, gan platnés: par 44%
samazinas Skiedru platnes putekloSanas un uzlabojas skiedru smalknes
piesaiste.

Pamatojoties uz iegitajiem rezultatiem un izdaritajiem
secinajumiem, var apgalvot, ka promocijas darba meérkis ir sasniegts, un
izvirzita hipotéze - no Latvija augusas koksnes izdalttu skiedru saistiSanas
spgjas uzlabojas, pielietojot Skiedru mehanisku priekSapstradi un/vai
pievienojot no koksnes un citiem dabigas izcelsmes resursiem iegiitas
piedevas — ir apstiprinajusies.

28



5. Rekomendacijas

1. Skiedru iegiifanai ieteicams izmantot produktivu koku sugu -
Klinskalnu priedes vai apsu hibridu klonu - koksni.

2. Optimizet koksnes Skiedru mehaniskas apstrades laiku, nemot véra
koksnes sugu un potenciala produkta vélamas 1pasibas.

3. Kokriipniecibas atlikumus ieteicams izmantot augstas pievienotas
vertibas - kokskiedru platnu - razoSana ar mitro pane@mienu uzreiz pec
saSkiedroSanas

4. leteicamais cietes piedevas daudzums TMM Skiedru saistiSanas sp&ju
uzlabo$anai un smalknes piesaistei Skiedru platng ir 0.1...0.5 %.

Autores pateicibas

Autore izsaka pateicibu promocijas darba vaditajam
Dr.habil.sc.ing., Dr.chem. | Arnim Treimanim | par iedvesmu,
zinatniskam idejam un profesionala personiga piemera radiSanu promocijas
darba eksperimentalo pétijjumu posma.

Autore izsaka pateicibu darba vaditadjam Dr.chem. Andrim
Morozovam par atbalstu darba struktiras, stilistikas uzlabo$ana un
konstruktivu kritiku un padomiem darba rakstiSanas un noformé&Sanas
posma.

Autore izsaka pateicibu profesoram, Dr.habil.sc.ing.,

Dr.h.csilv. | Henn Tuherm | par ticibu, sirsnigo un profesionalo
atbalstu promocijas darba tapSanas gaita un palidzibu promocijas
procesualo terminu ievérosana.

Autore izsaka pateicibu LV Koksnes kimijas institita Celulozes
laboratorijas kolektivam — zinatniskajam konsultantam Dr.sc.ing. Uldim
Grinfeldam par palidzibu eksperimentalu darbu veikSana, kritiku un
padomiem, Maritei Skutei un Laurai Vikelei par kolegialu atbalstu.
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1. General description of the work
Topicality of the theme

The main advantage of wood as a resource is its recoverability.
Around one third of the Earth's surface is covered by forests, and if the
consumption of this resource is sustainable and forward-looking, then it
can be called inexhaustible. This is particularly important in today's
circumstances, when the global stocks of the fossil raw material sources
decrease, besides wood has formed in photosynthesis from the atmospheric
carbon dioxide and water, therefore its use does not increase the CO2
emission.

Latvia is rich in wood resources. The most common tree species
both of the coniferous trees and in general is the Scots pine (Pinus
sylvestris L.) with the wood volume of 242 million m® (41.6% of the total
wood volume). In the Nordic countries and Latvia currently there is
growing interest for the introducing possibilities, studying and usage of the
lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm). Studies show
that it is able to compete with and surpass the Scots pine in terms of
productivity; therefore, it is needed to compare also the properties and the
potential of the obtainable fibre material.

Due to a warmer and drier climate caused by the global
environmental changes the regions where the weather conditions are more
favourable for the hardwood trees are expanding, and the forestry
strategies are tended to maintain and even to increase the diversity of
species, that is why the mixed forests increasingly replace the conifer
monoculture forests, which were prevalent in the central European part.
The most common species of the hardwood trees in Latvia is the birch
(Betula pendula Roth.) with the wood volume of 162 million m® (28% of
the total wood volume), then comes the aspen with the wood volume of 27
million m® (5% of the total wood volume). In order to increase the wood
volume, in many parts of the world the usage of fast-growing hardwood
species for planting of non-cultivated or from agricultural land transformed
plantations is popular. The crossbreeding of the common aspen (Populus
tremoloides L.) and the American aspen (Populus tremula) is tried and
recognised to be suitable for the climatic conditions in Latvia; in its
progeny (the first generation) a heterotic effect is seen — the growing
progeny of the interspecific crossings is superior in comparison with each
of the parental species. The wood of this species is studied also in other
countries and recognized as a suitable wood-based raw material.
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However, in order to use wood as a resource sustainably, it is
necessary to use it efficiently — with a maximally high usefulness. A large
part of the round timber is made into sawn wood, veneer or is used in
producing of stakes. In each of these round timber processing technologies
a wood waste or by-products are created, which are mainly made into low
value added products, such as the biofuel. For example, a large part of
birch wood is used for production of plywood - the produced plywood in
Latvia in 2013 amounted to 250 000 m’. In production of plywood,
according to approximate estimates, 2/3 of wood create remnants or by-
products, most of which currently are used inefficiently. Manufacturers
intend to increase efficiency of the use of by-products, searching for an
opportunity to use it as a raw material for production of innovative
products with an increased added value. Consequently - both pine as the
most common species and the harwood trees as species with a high growth
potential as well as their forestry residues are important wood resources in
Latvia.

Obtaining of wood fibres and their transforming in products is one
of the ways of the wood usage. Demand for wood fibres in the world is
increasing with each year, the usage scope is broad, for example, paper,
MDF, thermal insulation boards, etc. All of these materials are formed by a
dimensional fibre network with different properties determined by the
mutual bonding ability of fibres. Strength of the interfibre bonds in a
product and therefore properties of the product depend on it. The paper
industry, which is the biggest consumer of the wood fibres, is switching
from the printing paper market to the production of a sustainable,
biodegradable packaging material which besides its mechanical strength
has a series of other properties, for example, the absorption ability and the
air permeance, and they depend on the bonding of the used fibres. An
essential prerequisite to ensure the bonding of fibres is a contact between
them. Fibre contact in products with a low density is limited; therefore an
additional solution for improvement of the bonding is necessary.

Taking into account the availability and the diversity of resources in
Latvia, from both the scientific and the practical point of view, it is
necessary to assess the potential of the bonding of the obtainable fibre
material and options for their improvement. Fundamental knowledge of the
wood of the local origin, its structure, fibres, bonding abilities and
opportunities for their improvement is a prerequisite for a responsible and
maximally efficient use of them.
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Aim of the work

The aim of the study is to improve the bonding of wood fibres of
Latvian-grown tree species with a mechanical pre-processing and additives
obtained from local, natural resources.

Tasks of the work

To achieve the aim, the following tasks for the study were set out:

* To separate wood fibres by the help of the chemical and mechanical
methods, to define their properties.

» To assess the effect of refining on the binding abilities of wood fibres.

* To determine the effect of the cellulose nanoparticle additives obtained
from wood of the aspen hybrid on the bonding of wood fibres.

* To determine the effect of the starch additive on the binding abilities of
fibres.

Hypothesis of the work

In the thesis the following research hypothesis has been set out - it
is possible to improve the bonding of wood fibres of the Latvian-grown
tree species by a mechanical pre-processing (refining) of fibres and/or by
using additives obtained from natural resources.

Scientific novelty

* For the first time an in-depth study and comparison of changes in
properties of wood fibres of pines grown and introduced in Latvia (Pinus
sylvestris L., Pinus contorta Dougl. var. latifolia Engelm) during the
process of the mechanical treatment has been carried out.

* For the first time an in-depth study and comparison of changes in
properties of wood fibres of aspens grown and selected in Latvia
(Populus tremoloides, Populus tremuloides Michx. x Populus tremula
L.) during the process of the mechanical treatment has been carried out.

* For the first time a complex study regarding properties of mechanically
separated Latvian-grown birch fibres has been carried out.

* With an innovative method for obtaining of nanoparticles by their
regeneration from the ionic liquid, cellulose nanoparticles from the wood
of aspen hybrid selected in Latvia have been obtained.

* An innovative fibre product of the hardwood — a fibreboard — has been
obtained and studied, as well as the effect of an additive of natural origin
(starch) on the changes in the bonding of fibres in them has been studied.
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Practical significance

* A new possibility for the use of the forestry residues is recommended i.e.
obtaining of the thermal insulation material from by-products of the
plywood production.

* The useful life coefficient of the wood raw material has been increased.

* A recipe for production of low density boards, using only natural
products has been developed.

Structure and volume of thesis

The structure of the thesis is subordinated to the set out tasks. The
first chapter is a review of the literature on fibres in wood, properties of
pulp and possibilities for improvement of the bonding of fibres. The
second chapter is a description of methods and materials used in the study.
The third chapter containing five sub-chapters includes the results of the
studies regarding changes (improvement) in the bonding of the wood fibres
of Scots pine, lodgepole pine, birch, common aspen and hybrid of aspen
during refining and use of additives. To assess changes of the bonding of
fibres, handsheets and boards have been studied. The work is concluded by
the fourth and the fifth chapter, which are the main conclusions and
recommendations.

The thesis consists of 138 pages, information is summarised in 6
tables, 111 pictures, and 193 literature sources have been used. Last of all
9 main conclusions have been formulated and 4 practical recommendations
provided.

2. Materials and methods
Obtaining of the fibre material

To execute the tasks of the thesis, the pulp (grown in equal growing
conditions in Latvia) of Scots pine (Sp), lodgepole pine (Lp), common
aspen (A), aspen hybrid (AH) and birch (B) separated from wood by the
help of the chemical delignification or the method of obtaining kraft pulp
and fibres separated from by-products of the plywood production — chips
of the B wood core by the thermomechanical pulping (TMP) were used.
Chemical delignification was carried out in the Cellulose laboratory of the
Latvian State Institute of Wood Chemistry in the reactor with a volume of
2 litres; parameters of the process: concentration of the active alkali in the
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boiling solution — 57.4 g I-1 (in Na2O units), sulfidity 29.8 %,
hydromodule 4.5:1., the maximal temperature of delignification 165°C,
delignification time 75 min. The TMP process was carried out in the Wood
Technology Institute in Dresden, Germany, in the ANDRITZ refiner 12-1
CPH; parameters of the process: pressure of the thermal treatment 9 bar,
treatment time 3...4 min, distance between the grinding disks of the refiner
0.14 mm.

Determination of the fibre properties

In order to perform the measuring of fibres in wood, 2 x 2 cm
samples from the wood cross-section disk are cut. After holding them for
72 h in distilled water from each sample with a razor 15...20 um thick
slices are obtained and microscoped (magnification of 400 x) with the
transmitted light microscope “Leica DMLB” connected to the video
camera ,,Leica DFC490”. For 150 fibres of the early wood and 150 fibres
of the late wood there is the lumen area, lumen diameter, fibre diameter in
a radial and tangential direction and thickness of the fibre wall determined,
using the image processing software “Image-Pro Plus 6.3”.

Microscopy of the separated fibres (SEM) is carried out with the
“SEM Vega Tescan 5136MM” (in magnification of 30...5000 x). Lignin
content in fibres is determined according to the standard ISO 302:2004,
using the pulp KAPPA number detection device “P51000”. Dimensions,
shape of fibres and the fines content in them is determined according to the
standard ISO 16065-2:2014, using the automatic device ,,FiberTester”. The
specific surface of fibres is determined by the nitrogen adsorption
isotherms method at a temperature of -196°C, using the “KELVIN 1042”
sorbtometer. The titratable acid group -OH content of fibres is determined
by the acid-base conductometric titration method, using the “CDM 210
Meter Lab”. The Shopper Riegler degree (°SR) or the drainage capacity is
determined according to the standard LVS EN ISO 5267-1:2003, using the
PTI pneumatic device. The water retention value is determined according
to the standard ISO 23714:2014, using the centrifugal machine “MLW
T23”.

In order to improve the bonding of fibres a refining of the
chemically separated fibres is carried out for 7100 + 37, 14000 + 69 and
21000 = 73 PFI revolutions (npg;) according to the standard LVS EN ISO
5264-2:2011 in the device “PFI MILL”, in which a cylindrical external
camera of the mill rotates with a speed of 720 + 20 revolutions per minute
and inside it the same direction rotates a corrugated disc with 33 metal
projections and a speed of 1440 + 30 revolutions per minute (Fig. 2.1). The
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projections of the inner disc come into contact with the inner wall of the
outer camera with a pressure of 3.33 N per 1 mm of the projection.

In order to assess changes in the bonding of fibres, two types of fibre
product models are used — handsheets, which provide information on
properties of the paper-type products, and wood fibreboards (WFB), for
which in addition to the bonding of fibres in them, also other properties
characteristic to this product group are determined.

Assessment of the bonding of fibres in handsheets

Handsheets are obtained according to the standard LVS EN ISO
5269-2:2005, using the device “Rapid Kothen”.

Potato starch (producer: ALOJA-STARKELSEN) and cellulose
nanoparticles (CNPs) in handsheets are used as additives for the
improvement of the bonding of wood fibres. In some cases, there is
Na,B,0,°10H,0 (STB) and H;BO; (BA) (granulated, producer - Etimadan,
Turkey) added to the handsheets, but as the comparable additive for
improvement of the bonding the PVA (polyvinyl acetate glue) is used.

CNPs are obtained from the AH pulp, previously carrying out
bleaching (10% H,0,, and 1.5% NaOH, fibre mass conc. 6%, 80°C, 90
minutes). From the bleached fibre mass, a microcrystalline cellulose
(MCC) is obtained, by modifying the thermocatalytic method (2007) of
Laka and Chernyavskaya. From the obtained MCC according to the
method CNPs are obtained: ~ 1 g of MCC is put into a conical flask with a
volume of 50 ml, the ionic liquid BmimHSO, (mass ratio 1:10) is added,
heating and simultaneously stirring it, until the MCC is dissolved and the
mixture is homogeneous, and after that it is heated for 1 more hour at
100°C. The reaction is stopped by adding of a distilled water. White
sediments are obtained, which are thereafter untrasonificated for 6 minutes,
then centrifuged with 5 x 5000 rpm, after each time decanting the clear
part of the solution. After the sediments are cleaned, a distilled water is
added and stored at a temperature of +4°C. CNPs are added to fibres in
amount of 10% and 30%, calculating it for an absolutely dry fibre mass,
suspending it previously in distilled water with an ultrasound. For MCC
and CNPs the FTIR spectroscopy is carried out (One Perkin Elmer
spectrometer), preparing the samples in the “Retsch MM200” mixer mill.

Thickness of handsheets is measured according to the standard LVS
EN ISO 534:2012, using the stationary micrometer “F16502”. Grammage
or mass per area unit is determined according to the standard LVS EN ISO
536:2012. The tensile strength and bursting length is determined according
to the standard LVS EN ISO 1924-2:2009, using a measuring device for
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tensile resistance “Tensile tester vertical F§1838”. The bursting strength of
handsheets are determined according to the standard LVS EN ISO
2758:2014, using the burst pressure measuring device “Burst Tester for
Paper”. Air permeance of handsheets is determined according to the
standard ISO 5636-3:2013, using the “Air permeance Tester”. Surface
roughness of the handsheets is determined according to the standard ISO
8791-2:2013, using the Bendsten Tester. Contact angle of the surface of
handsheets is determined according to the requirements of the standard
TAPPI  458cm:2004, wusing the device “OCA20”. With the
spectrophotometer “Elrepho” the whiteness of handsheets is determined
according to the standard ISO 2470-1:2009, the light scattering and
absorption - according to the standard ISO 9416:2009.

Assessment of the bonding of fibres in fibreboards

WFBs are obtained by the wet board creating method from the TMP
birch fibres, using a device created in the Institute of Wood Chemistry
(Fig. 2.2). The device consists of a fibreboard-forming part made of a
water-resistant plywood. Fibres are mixed with water to a homogeneous
mass (water-fibre ratio - 31...32), a starch solution and STB or BA is
added. The board is formed on a glass fibre sieve, which in its turn is
placed on a perforated plywood base. Under it there is the water suction
part placed from which the water is discharged to a sewer. The prepared
fibre mass is poured into a board making machine, allowed to self-suck,
then with a pressure of 11767 Pa pressed up to the desired thickness. The
dimensions of the obtained WFB are 40 x 40 x 4...4.5 cm. The WFB is
taken out of the machine and dried at 60°C until it is dry, cooled, weighed,
measured, and the density is calculated by the formula (1).

The WFB ,,shaking” test simulates transporting, handling and the
result reveals the bonding of fibres in the board. From the WFB
14 x 14 cm samples are cut so, that the fresh cut is in all of the 4 side
edges, on the top and bottom edge an insulation material is glued, in order
to ensure the weight loss of the material only from the sides. The sample is
weighed and placed in the “Retsch” sieve, which is placed in the “AS 200”
sieve shaker for 120 minutes.

After the shaking test the sample is weighed and the weight loss is
calculated according to the following formula (2).

From the obtained WFBs samples of a size of 20x20 cm are
prepared, for which the heat conductivity coefficient A is determined in the
device “Linseis HFM 200/300/600” according to the standard LVS ISO
8301:2001.
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Determination of reaction of the WFB to fire: the sample is fastened
in a rack put on the scales “Kern 1500EW”, and an open flame towards it
is turned (burner “Rofire Piezo 1900”) for 30 seconds, then the exposure to
flame is disrupted. The process of sample burning and formation of coal
during the time of the exposure to an open flame (30 seconds) and the time
of the further smouldering is observed, recording the weight changes every
5 seconds for 3 minutes and at a time when the sample has ceased to
smoulder.

Statistical processing of data

Averages of the numerical results obtained in the study, standard
deviations have been calculated, equations of the regression analysis and
coefficients of determinations nave been set out, using Excel 2010
(Microsoft Office). Significance of the result difference between the data
groups, effect of factors on variables and the correlation factors have been
calculated, using the SPSS Statistics v 17.0.

3. Options for improving of the bonding of fibres
3.1. Effect of the refining of fibre
Properties of fibres

During refining or the mechanical processing deforming forces are
acting on the fibre; the surface, as well as the inner structure of the fibre
changes, a fibrillation takes place. The S; layer is fully or partially
detached and the fibrillation is weaker, because the fibrils in it are put
perpendicularly to those in the P layer. Compared with the fibres that are
not refined, a gradual layer separation visually can be observed, in the
mass there are found fragments of the P-S; layer separated from fibres
(fines), the S, layer is uncovered and partially fibrillated - the fibre is
"ragged" (Fig. 3.1).

Between the fines content of the softwood (SW) fibres and npg; a
close (r=0.73), significant (p <0.05) correlation is stated; it increases
significantly (p < 0.05) after each step of the npg; increase. The shape factor
of fibres significantly (p < 0.05) decreases according to the model of the
linear regression (R* = 0.73) both in case of SW and hardwood (HW). The
length of the SW fibres after 21000 npg; significantly, linearly (R* = 0.96)
decreases, but the width does not change. Whereas changes of the fibre
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length resulting from the mechanical processing are minor, they practically
do not affect the bonding of fibres. After npg; 21000 refining as a result of
the fibre fibrillation their specific surface increases for 37%, the changes
are significant (p < 0.05) and they are explained by the model of the linear
regression (R*=0.94). Results of the specific surface of fibre closely
(r=0.99) and significantly (p <0.05) correlate with the amount of
hydroxyl groups (-OH), which is a direct indicator of the potential of the
bonding and shows also a significant (p <0.5) and linear (R*=0.99)
increase, increasing ngpy.

The direct performance indicator of the fibre refining is a refining
degree, expressed by the Shopper-Riegler degrees °SR, and closely
(r=0.92) and significantly (p <0.05) correlating with npg;. Analysing the
average results of the °SR of the SW and HW fibres, it is stated, that at
npr 21000 wood species as a factor does not affect (p > 0.05) the result,
but the interim results at npr; 7000 and 14000 differ significantly between
the SW and HW fibres. The °SR increase in the HW fibres depending on
the npg; corresponds to the model of the linear regression (R2 =0.99), but
the SW fibres respond differently to the mechanical processing - the °SR
increase corresponds to the form of the exponential model (R? = 0.96). °SR
for the SW fibres at npr; 7000 has not changed (p > 0.05), but at npr; 14000
it increases for 94% and at npp; 21000 - for 250%. °SR of the HW increases
for 85% already at npr; 7000 and the further increase is even, so the HW
fibres require less mechanical processing, to initiate changes in shapes,
surfaces and structures of fibres (Fig. 3.2). The °SR increase is an effect of
refining and a side-effect of the improvement in the bonding, but it is not
the purpose of the processing, because consequently the time for the water
drainage (expressed by the value of the water retention value (WRYV))
increases and it can interfere with forming of the fibre products. Changes
in the WRYV of the SW and HW fibres significantly (p < 0.05) affect npp,
but when the fibre reaches the refining degree of 30°...40°SR, the WRV
reaches a definite value and does not change in the studied interval of the
npp; values. So at npp; < 21000 fibres achieve their maximal water bonding
ability.

Comparing sizes of mechanically unprocessed fibres of the
competing pine species the only stated significant difference (p < 0.05) is
their width — the Lp fibres are wider than the Sp fibres, but when refining
the np; is reached by the Sp fibres at 54°SR, which is significantly higher
(p < 0.05) result than that of the Lp fibres (42°SR).

The AH pulp fibres are longer and narrower (in both cases p < 0.05)
than the A pulp fibres, but when beginning refining no significant
difference (p > 0.05) appears in the results of °SR, or the WRV.
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Assessment of the bonding of fibres in products

It is possible to determine the mutual bonding of fibres also directly
by studying contact areas and the bond strength of fibres, but mostly the
indirect method is used through observations of properties of the fibre
products. In order to assess changes of the bonding of fibres affected by
the refining, within the framework of the promotion work handsheets have
been obtained from the fibres of the tree species to be studied. Both tactile
and visual changes in the surface of handsheets and the results of the
studies carried out testify changes in their properties, so - changes in the
bonding of fibres. Strength of the fibre pair bonds closely correlates with
the physico-mechanical properties (ph.-mech. pr-s) of the fibre product,
therefore, basing on the improvement of the ph.-mech. pr-s of handsheets
obtained in the study, it can be asserted, that the refining of fibres
materially improves their bonding. Both for the SW and HW fibres’
handsheets the tensile energy absorption (J m™, TEA), tensile index
(N 'm g, TI), bursting index (kPa m* g, BI, Fig. 3.3). and bursting length
(km, BL) significantly increases already at npg; 7000.

Continuing to increase npgj, the improvement of the ph.-mech. pr-s
is not so rapid, but it is significant (p < 0.05), if the results are compared at
npr; 0 and 21000. Results of the SW ph.-mech. pr-s are significantly
(p <0.05) higher than the results of the HW handsheets at all of the npp,
and the ph.-mech. pr-s of all the handsheets and npp; are bound by a
significant (p < 0.05) and close (r = 0.8...0.9) correlation.

Comparing the ph.-mech. pr-s of handsheets of the pine species
with each other depending on the npg;, it was stated, that there was no
significant difference (TEA, BI, p>0.05) between unrefined fibres’
handsheets or the Lp result is lower than that of the Sp (TI, BC). Increasing
npr;, the Lp handsheets show significantly (p < 0.05) higher results, so
under the effect of fibre refining the bonding of the Lp fibres develops
faster, although their initial position is lower. Results of the ph.-mech. pr-s
of the A and AH handsheets do not differ (p > 0.05), but are significantly
lower (p < 0.05) than the results of the B handsheets at all the npg;.

The obtained results of the improvement of the mechanical strength
of handsheets are in line with the results presented in other studies. The
main factor for the improvement of the bonding of fibres is their external
and internal fibrillation. The fibrillated fibres make a stronger network,
which allows to distribute more evenly the applied strength of the
mechanical effect, and the ph.-mech. pr-s of their products improve. It is
expected that, with the increase of npg, the ph.-mech. pr-s will increase
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until the saturation point will be reached, and then decrease, as the bonding
of fibres due to a partial or total destruction because of a too long
mechanical processing will start to deteriorate.

As a result of the improvement in the bonding of fibres the air
permeance resistance (APR) of handsheets increase and the surface
roughness (SR) of handsheets decrease.

The SR of the SW handsheets is significantly (p < 0.05) higher than
that of the HW handsheets both in case of unrefined fibres and at all npg.
The SR decreases discontinuously (Fig. 3.4). both for the SW and the HW
handsheets at npp; 7000, but continuing to increase npg;, does not change
significantly. The Lp handsheets are significantly (p < 0.05) smoother than
the Sp handsheets at all the npg.

The results obtained in the study of the promotion work suggest
that, in order to obtain the SR necessary for the writing paper, the fibres
have to be mechanically processed at least npg; 7000.

Increase of the npg; significantly (p < 0.05) increases the APR of
both the SW and HW handsheets. A close (SW r=0.83; HW r=0.77) and
significant (p < 0.05) correlation between the APR and npy; is detected and
an averagely close (SW r=0.7; HW r=0.5) and significant (b < 0.05)
correlation between the APR and the amount of the fines content is
detected. Fines fill the empty spaces between fibres thus increasing the
resistance of the air flow through the fibre network. Models of the APR
dependences of the SW and HW handsheets from npp; differ (Fig. 3.4). —
the result of the HW handsheets evenly increases starting from npg; 7000,
while the APR of the SW handsheets significantly increases only from npg;
14000.

The APR of unrefined Lp fibres’ handsheets is below the detection
limit and shows their weak bonding, but at npp; 21000 significantly
(p < 0.05) overcomes the Sp APR result. Whereas the ph.-mech. pr-s of the
pine fibre products significantly increase already after npr; 7000, but the
APR significantly increase only at npp; 14000, these fibre products can be
used to make filter papers, which together with a good air permeance
require also a good strength.

The APR dependence of the HW handsheets from npg; (Fig. 3.4.) is
explained by the linear coherence model. In unrefined condition and at all
the npg; values the APR of the A handsheets is significantly (p <0.05)
higher than the results of the AH and B handsheets. The APR of a material
can be used as an indirect indicator for assessment of other properties -
liquid permeability, water or oil absorption capacity, as well as the
potential of liquid and gas filtration.
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The improved bonding due to refining is proved also by changes of
the contact angle (CA) of the handsheet; in addition, the stated averagely
close correlation (r = 0.6) is confirmed also by the fact that the greater the
npyy is, the better the capability of the handsheet surface to push off water.
The CA closely (r=0.9) and significantly (p <0.05) correlates with the
water absorption capacity (WAC) of the handsheets, which decreases for
50% (p < 0.05) after npr; 21000. When the bonding of fibres increases, the
fibres sit closer to each other, creating more and stronger bonds and a more
orderly structure, in which the entry of water molecules is difficult. The
WAC of the SW and HW handsheets at npg; 0...14000 does not differ
significantly, but at npp; 21000 the WAC of the SW handsheets is
significantly lower (p <0.05) than the result of the HW handsheets,
however, without any additives it is impossible to reach, for example, the
hydrofobicity necessary for the writing paper.

Results of the optical properties of handsheets closely correlate both
with the results of npp; (r=0.7 SW; r=0.9 HW) and the physico-
mechanical properties, which indicates their dependence on the bonding of
fibres. Whiteness of handsheets significantly (p <0.05) decreases only
after npr; 7000 both for the SW (-21%) and the HW (-15%) and a further
increase of npp; does not change the whiteness. The HW handsheets are
significantly (p < 0.05) whiter than the SW handsheets at all npr;. Changes
in the whiteness of handsheets under the effect of npr; can be explained by
the logarithmic function models (SW R”=0.84; HW R”>= 0.85). The light
scattering coeff. (LSC) of the SW fibre products decreases for ~40% after
npr; 7000 and does not change anymore; the light absorption coeff. (LAC)
decreases gradually - changes are significant only after npr 14000.
Changes in the LSC and LAC of the HW products are similar - there is a
rapid and significant (p <0.05) decrease in the result after npg; 7000
without any further changes. The LSC and the LAC results of handsheets
show a close and significant correlation: in case of the HW fibres r = 0.77
and in case of the SW fibres r = 0.70 (in both cases p < 0.05). Comparing
the results of the pine fibres, the Sp handsheets are significantly (p < 0.05)
whiter than the Lp handsheets after npg 7000...21000. The result
differences of the optical properties of the A and AH handsheets vary
depending on npg;, however they are not significant in any of the stages.
The aspen handsheets all-in-all are whiter (p < 0.05) than the B handsheets.
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3.2. Effect of the use of additives
3.2.1. Cellulose nanoparticles

Addition of the CNPs obtained from the AH fibres by the help of
the ionic liquid to fibrillated B fibres decreases their specific surface,
which is contrary to the information found in the scientific literature and
the expected result. The specific surface of the B fibres (after npr; 21000)
decreases from 2.5 to 2.3 m* g if 30% of CNPs is added to them. The
explanation lies in properties of the obtained particles, as well as the
specificities of the fibrous bonding mechanism. The ionic liquid method
for obtaining CNPs is relatively new, the methodology for their obtaining
was based on a method published in 2011 without altering it. It is known,
that the process of obtaining of cellulose nanoparticles has an important
effect on properties, however the characteristics of the obtained particles
insignificantly differed from the characterization of the CNPs obtained by
other methods. As a confirmation of the conclusion about the negative
effect of the CNP additive on the bonding of fibres, it was stated, that the
CNP additive reduces the ph.-mech. pr-s of a handsheet, in addition - the
greater the amount of the additive, the lower (p <0.05) TEA, TI, BI and
BC. In the study of the thesis the weakening of the physico-mechanical
properties of handsheets are caused by the worsening of the bonding of
fibres, which in turn provides information on the interaction of fibres and
the selected CNPs. Whereas fibres are mechanically processed (refined),
their potential to form H bonds is increased, but it is possible that they
form directly between the fibre and the CNPs, thus decreasing the active
surface of fibre for the formation of bonds with other fibres. Around the
fibre a poor binding layer forms, and it is clear, that if CNPs obtained by
such a method are added to refined fibres, they not only do not improve,
but even weaken the bonding of fibres. It is possible that during the
treatment with the ionic liquid, the MCC has not fully transformed into
CNP, therefore it partly acts as the MCC, the additive of which in amount
of of 5...20% does not change the mechanical properties of handsheets, but
worsen them, if the amount added to the fibres exceed 20%. The statistical
study of data reveals, that the interaction of factors (npg; and the amount of
additive) has no significant impact on the ph.-mech. pr.-s of handsheets
(p > 0.05), but viewing them separately, the amount of the CNP additive
has a significant (p <0.05), but a negative effect on all the examined
properties of the mechanical strength.

The 10% CNP additive decreases for 18% the SR of handsheet,
because due to dimensions both CNP and the possible remnant of MCC
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bind themselves with fibres, but the unbound particles fill in the empty
spaces, thus improving properties of the product surface. Increasing the
amount of the additive in the product to 30%, due to the uneven layout
between fibres or, possibly, aggregate formation the SR is increased to an
additive-free handsheet level. Also the increase in the LSC in handsheets
under the effect of CNP additives gives evidence about the presence of
unbound particles.

3.2.2. Starch additive
Starch in handsheets

In order to study the starch impact on the bonding of fibres, a low
density board of the B fibres was chosen as the basic fibre product for
testing. However, to model the expected improvements and changes of
properties, an additive was also added to the handsheets from chemical
pulp and TMP of HW, and changes in the bonding of fibres in them were
assessed. The PVA as a binder was used because it is the most commonly
used glue both in production and domestically for gluing of fibre products
— paper, paperboard. When planning the fibreboard formation, the attention
was drawn also to other properties necessary for this group of the fibre
products, for example, reaction to fire, therefore as the potential fire
retardants the STB and BA were selected and added to the starch also in
handsheets, in order to assess the effect of the additive composition on the
bonding of fibres.

Both type and amount of the additive has a significant (p < 0.05)
effect on the increase of the TI of handsheets, thus - on the improvement of
the bonding of fibres. Handsheets with the starch additive show higher TI
results than the handsheets with the PVA additive, but the composition
“starch + STB” increase the TI significantly (differences p <0.05) more
than the starch and the PVA (Fig. 3.5).

The ph.-mech. pr-s of handsheets improve, because in the
composition “starch + STB” a reaction takes place between one of the D-
glucose hydroxyl groups with one of the three STB reaction centres; cross-
bonds and intramolecular H bonds form, causing the starch esterification.
Simultaneously H bonds form between the starch and cellulose molecules
due to the similar structure, and bonds between cellulose and the STB are
not excluded as a result of which even stronger interfibre bonds are
created.

It is stated, that the improvement (p < 0.05) of the ph.-mech. pr-s is
initiated also by a small amount (0.1...0.4%) of additives of the fibre mass,
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but the improvement is more significant, if to the additive composition not
only the STB but also the BA is added (Fig. 3.6).

Starch in a fibreboard

The bonding of fibres in the fibre materials with a low density such
as thermal insulation plates, is difficult because fibres are not located close
to each other, which is a prerequisite for formation of the interfibre bonds.
Fibre bonding in board models is contributed by the presence of water in
the forming process, because the capillary forces decrease the distance
between fibres, H bonds form, and twisting and entanglement takes place.
The weight loss (see the methodology in the Chapter 2) for the fibreboard
models with a greater amount of starch is lower than for the samples with a
lower amount of starch; this is a direct evidence of the improvement in the
bonding of fibres. 99% of changes in the weight loss of fibres in the
change interval of the starch amount of 0..2.5% coincides with the
coherence offered by the model of the logarithmic regression (Fig. 3.7).

If the starch additive is increased to 0.05...0.5%, the weight loss
decreases for 44% (p <0.05), and continuing to increase the additive to
1...2%, the weight loss decreases for 27% (p > 0.05, i.e. insignificantly).
The numerical results are also confirmed by the practical observations in
the course of the work — the samples with a minimal starch additive were
significantly less dusted than the samples without any additive. By
decreasing the weight loss of fibres it is possible to affect the quality of the
real product, to facilitate its transportation and incorporation in the
building constructions. Taking into account the costs and the effect of the
additive, it is concluded that the optimum amount of the starch additive is
0.1...0.5 %. The starch additive as a factor has a significant (p <0.05)
impact on the weight loss; these two factors are linked by a close and
significant correlation (r = 0.86; p < 0.05).

At constant obtaining and pressing conditions, after starch is added
the density of the fibreboard model slightly increases. Increasing the
amount of the starch additive to 0.05...2%, the density increases for ~5%,
and 95% of the coherence of the density and the amount of the starch
additive is explained by the model of the logarithmic regression (Fig. 3.8).
The increase in density is based on both a direct increase in the mass of the
sample according to the mass of the additive and the starch-caused
retention of fine particles, which would otherwise be washed out from the
pulp. This means that adding of starch in the board formation process
improves the bonding of fibres and fines and thus reduces the loss of the
fines. In case of the TMP fibres the fines content is 29.5 % and their
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bonding to a product without worsening properties is a gain both from the
point of view of the waste water purity and the efficient use of the raw
material.

Although the created and tested samples are models of wood
fibreboards with a potential of serving as thermal insulation products, they
were viewed as a matrix to study the mutual bonding of fibres not as a
product prototype. For this reason, with the aim to evaluate properties there
were used methods, which are not appropriate for ensuring the standard
requirements of the products being produced and available on market, but
at the same time make it possible to evaluate the effect of additives on
properties of the fibreboard model (also in the context of thermal insulation
and fire safety). If the starch additive does not exceed 0.1% and the amount
of the other additives does not exceed 20%, thermal conductivity of the
fibreboard does not change significantly staying within the limits of
0.040...0.043 W m"' K, which is sufficient for the material to be
considered an insulating material, and is equivalent to the thermal
insulation properties of the wood fibreboards available on the market.

Studying properties of the fire performance it was found that the
sample of the fibreboard model without additives caught fire at the time of
the application of it, burnt with a flame rapidly losing its mass, continued
to burn and smoulder until the mass residue was 2%. No effect of the
starch additive on the reaction to fire was observed, but after adding of the
STB and the BA, burning with flame is observed neither under the effect
of a direct flame, nor during the further smouldering time. The STB and
the BA are known as improvers of the wood fire resistance, they do not
allow to burn with an open flame and even smother it and due to their
relatively low melting temperature (743°C STB and 171°C BA) create a
film-type layer on the surface of the material where they are incorporated
or spread on.
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4. Conclusions

On the basis of the studies carried out in accordance with the

objectives and tasks of the work, it has been concluded that:

1.

separation method and tree species significantly affect the fractional,
chemical and surface properties of pulp, on which, in turn, the bonding
depend,;

fibres separated by the chemical method have a relatively smooth
surface requiring a refining for the improvement of their bonding;

. due to the great fines content of fibres separated from the birch wood

cores by the mechanical methods (22.7% CTMP and 29.5% TMP)
either a fractionation before their use shall be foreseen or the bonding
of fibres for the bonding of fines in mass shall be improved;
during the refining of fibres the properties responsible for the fibre
bonding such as the active surface of fibre, amount of the -OH groups,
fines content in the mass improve;
comparing pine species the mechanical processing more efficiently
improves the bonding of fibres of the introduced lodgepole pine;
in order to reach the same bonding of fibres, the aspen fibres require
shorter time of mechanical processing than the fibres of the aspen
hybrid;
mechanical processing of fibres (refining): improves the mechanical
properties of the fibre products (Scots pine< lodge-pole pine;
aspen=aspen hybrid); decreases air permeance (common pine> lodge-
pole pine; aspen<aspen hybrid); increases smoothness of surface (Scots
pine< lodge-pole pine; aspen=aspen hybrid); decreases water
absorption (Scots pine= lodge-pole pine; aspen=aspen hybrid);
decreases whiteness and light scattering (Scots pine>lodge-pole pine;
aspen=aspen hybrid);
cellulose nanoparticles obtained by the ionic liquid method from the
wood of the aspen hybrid worsen the bonding of fibres;
the starch additive in amount of 0.1...0.5 % improves the bonding of
the TMP fibres both in handsheets and boards: dusting of the
fibreboard decreases for 44% and the binding of fibre fines improves.
On the basis of the obtained results and the made conclusions, it can

be asserted that the objective of the promotion work has been achieved,
and the hypothesis - the bonding of the Latvian-grown pulp fibres
improves by applying of mechanical pre-processing of fibres and/or adding
of additives obtained from wood and other resources of natural origin — has
been confirmed.
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5. Recommendations

. In order to obtain fibres, it is recommended to use wood of productive
tree species — the lodge-pole pine or the aspen hybrid clone.

. It is recommended to optimize time of the mechanical processing of
wood fibres, taking into account the species of wood and the desirable
properties of the potential product.

. It is recommended to use remnants of the forestry industry in
production of high added wvalue fibreboards by the wet method
immediately after turning wood into fibres.

. The recommended amount of the starch additive for improvement of
the bonding of the TMP fibres and the binding of fines in a fibreboard
is 0.1...0.5 %.
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