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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Témas aktualitate

Eiropas Savieniba koksnes kompozitmaterialu (KKM) razoSana
ienem nozimigu vietu kop&ja kokriipnieciba, IKP un eksporta. Eiropa
kokskiedru platnes (KSP) aiznem 25 %, bet kokskaidu platnes (KSP) — ap
60 % no visiem razotajiem platnu veida materialiem. 2007. gada atjaunota
KSP riipnica Latvija liecina par to, ka §T produkcija ir pieprasita.

Paslaik ripnieciski razotiec KKM satur sintétiskas saistvielas (SS),
kas ir ieglitas no naftas resursiem. KKM SS aizpem aptuveni 10 % no
kopgjas absoliiti sausas masas. Tas, savukart, sastada lidz pat 50 % no visa
materiala izmaksam. Bez tam, KKM, kas satur SS, ir nedraudzigi videi un
veselibai, ka arT rada utilizacijas problémas. Naftas cenam pasaules tirgl ir
tendence pieaugt, tapéc ekonomiski lielu nozimi ieglist KKM izmaksu
samazinasana.

Latvijas un Eiropas koksnes materialu tirgii nav tadu platnu, kas
iegiitas bez SS. Saja promocijas darba tiek analizéti KKM platpu veidi,
kurus ir iesp&jams iegiit bez SS, izmantojot tvaika spradziena apstradi
(TSA). TSA procesa koksnes Skeldas vai skaidas dazas minttes tiek
apstradatas ar piesatinatu tvaiku slégta reaktora pie augstas temperatiiras un
licla spiediena. P&c noteikta apstrades laika reaktors tiek atvérts un spiediena
krituma d€] koksnes dalinas tiek ,izSautas” un dalgji saskiedrotas. Tada
veida apstradatajai koksnes masai piemit passaisto$as ipasibas.

Atskiriba no kimiski parstradatas koksnes masas TSA masa nesatur
séru un uz Skiedru virsmam nogulsngjies lignins ir ar augstu kimisko
reagétspeju. Turpmak, ieglito masu presgjot augsta temperatira, tiek iegiits
KKM bez SS. Tada veida iegitiec KKM tiek deéveti ka passaistosie (angl. —
self-binding) vai pat bezsaistvielu (angl. — binder-less) materiali, jo
sintétisko saistvielu vieta darbojas TSA procesa modificétas lignocelulozes
kompleksa aktivas vielas (piem., lignina, hemicelulozu un ekstraktvielu
modificetie produkti). Lidz ar to tiek uzskatits, ka paSsaistoso dalipu KKM
priekSrocibas ir iegiits videi draudzigs produkts, atrisinats utilizacijas
jautagjums un panakta konkurgtspgjiga cena.

KSP razo$ana bez SS batisks faktors ir izejmateridla izvéle. Parasti
izmanto skujkokus, kam rotacijas cikls ir vismaz 70 gadi. Saja pétijuma par
izejmaterialu ir izvéléts atri augoss baltalksnis (Alnus incana L. Moench),
kam rotacijas cikls nav noteikts. Ir konstatets, ka 20 gadu laika baltalksna
koksnes kraja pieaug apméram divas reizes vairak, neka citiem mikstajiem
lapu kokiem. Lidz ar to baltalk$pa koksne varétu biit potencials izejmaterials
passaistoso koksnes dalinu platnu raZzoSanai.



Merkis

Tvaika spradziena iegiito paSsaistoSo baltalkSna koksnes dalinu
platnu izgatavosanas tehnologisko parametru izstrade un iegito platpu
fizikali mehanisko ipasibu izpéte.

Pétnieciskie uzdevumi

1. Noskaidrot tvaika spradziena apstrades tehnologisko parametru
ietekmi uz baltalksna koksni.

2. Izpétit tehnologisko parametru ietekmi, izgatavojot platnes no
baltalksna koksnes dalinam p&c tvaika spradziena apstrades.

3. Izpetit iegito platnu fizikali mehaniskas Ipasibas.

4. Atrast izpétito 1pasSibu un platgu izgatavoSanas parametru
savstarpgjas likumsakaribas.

1. Salidzinat p&tamo platpu ipasibas ar ES razoto un standartiz€to
kokskiedru un kokskaidu platpu attiecigdm 1pasibam; noteikt
izstradato platpu izmantoSanas iespg€jas saskana ar platnu standarta
prasibam.

Izmantotie materiali un metodes

Promocijas darba eksperimentu veikSanai ir izmantota laboratorijas
periodiskas darbibas tvaika spradziena (TS) iekarta (KKI) un pusriipnieciska
prese JOOS (Vacija) (MeKA).

Baltalksna koksnes dalinu raksturosanai pirms un péc TSA izmantoto
moderno aparatiiru un pétnieciskas metodes parstav: skangjosais elektronu
mikroskops (SEM) Vega TS 5136; digitalais Skiedru dimensiju méeritajs
Lorentzen&Wettre ,,FiberTester”; materiala termisko ipasibu analizatori
METLER TOLEDO DSC un TGA/SDTA (KKI).

Baltalk$na galveno kimisko komponentu noteikSanai péc TSA ir
izmantota vienkarSa laboratorijas metode (KKI, BEEK lab.), materialu
secigi ekstrah&jot ar tideni masas vienibas 1:4, 0.4 % natrija sarma $kidumu
masas vienibas 1:4, ligninu no sarma $kiduma izgulsn&jot ar 34 % salsskabi
tilpuma vienibas 100:1.

Platpu mehanisko 1pasibu noteikSanai ir izmantota materialu stipribas
parbaudes iekarta ZWICK/Z100 (MeKA). Platgu fizikali mehanisko 1pasibu
noteikSanai ir izmantotas Eiropas standartos noteiktas metodes: mitrums —
LVS EN 322,1993; blivums — LVS EN 323, 2000; uzbriesana biezuma p&c
24 h izturéSanas tUdeni — LVS EN 317, 2000; elastibas modulis un
robezstipriba statiskaja liece — LVS EN 310, 2001; stiepes robezstipriba
perpendikulari platnes plaknei — LVS EN 319, 2000; mitrumizturiba — LVS
EN 1087-1, 2002. Iegito datu apstradei un analiz€Sanai ir litotas
datorprogrammu MS Excel un SPSS paketes.
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Izvirzita hipoteze
Baltalk$na koksnes izejmaterialu apstradajot TS, ir iesp&jams iegiit

kvalitativu, jaunu platpu veida materialu bez sintétiskam saistvielam.

A

Zinatniska novitate

TSA baltalks$na koksnei ir veikti paplasinati p&tijumi, iegiistot tadus
raksturojosus lielumus, ka masas zudumi, galveno komponentu
saturs, Skiedru izméri, tilpumblivums, termiskas Tpasibas.

Pirmo reizi Latvija ir veikti petjjumi platpu izgatavoSanai no TSA
ieglitajam passaisto$sam baltalksna koksnes dajinam.

Ir noteiktas baltalkSna koksnes passaistoSo dalinu platpu fizikali
mehaniskas Tpasibas.

Ir atklatas paSsaistoSo dalinu platgu ipaSibas ietekmgjoso faktoru
likumsakaribas.

Praktiska nozime

Pamatojoties uz promocijas darba rezultatiem, ir iesniegts un
pieskirts Latvijas Valsts patents Nr. 14119 B ,Jlekarta Skiedrveida
pusfabrikatu iegiiSanai”.

BaltalkSna koksni apstradajot TSA, ir ieglti paSsaistoSie materiali
platnu izgatavoSanai bez sintetiskam saistvielam.

Izgatavotas passaistoso baltalksna koksnes dalinu platnes atbilst EN
standartiem, kas paredz platpu vispargjo izmantoSanu sausos un
mitros apstak]os ar visu kategoriju noslogojumu.

Veikto pétijumu dati ir publicéti starptautiski pieejamos izdevumos.
Tadgjadi ieglitos rezultatus var izmantot KKM talakai attistibai
nacionala un starptautiska méroga.

Darba struktiira

Koksnes dalinu kompozitmateriali.

Materiali un metodika.

PE&tTjumu rezultati.

Priekslikumi passaistoSo dalinu platnu izgatavosanai.
Secinajumi.

Rekomendacijas.

Kopuma promocijas darba 126 lpp. teksta ar 53 formulam ir ieklauti

56 attéli, 15 tabulas un 152 norades uz izmantotajiem literatiiras avotiem.



MATERIALI UN METODIKA

Izejmateriala raksturojums un apstrade

Petfjumiem izmantotais izejmaterials baltalksnis ir iegiits no
ilglaicigas augSanas gaitas parauglaukumiem Skrundas mezsaimnieciba.
Svaigi cirsta baltalkSna koksne sasmalcinata ar zviedru firmas ,,Bruks”
$keldotaju. Skeldas sijatas caur sietu ar 20 mm acim, iegiistot 5...20 mm
frakciju bez mizas, zariem un trupes.

Viena dala no s$keldam ir samalta firmas ,Retsch” iekarta,
izmantojot sietu ar 2 mm acim. Izvairoties no péetnieciskas TS iekartas
aizsprosto$anas, no samaltam skaidam ir atsijati smalkumi, ta iegtstot 0.4...2
mm frakciju.

Izejmaterials

Raw material

Udens
Water

|
!

Tvaika generators ol e Reaktors
Steam generator| ’ l \ Reactor

Lodveida varsts
Ball valve

Nostradatais tvaiks
Apstradata materiala uztvergjs Used steam
Pre-treated material receiver b

1.att. Tvaika spradziena apstrades shema.
Fig. 1. Block diagram of steam explosion treatment.

Sagatavotas skeldas un skaidas, ar mitrumu W ~10 %, apstradatas TS
iekarta, kuras principiala shéma ir paradita l.att. TSA procesam
nepieciesamais piesatinatais tvaiks tiek iegits karsgjot tideni. Temperatiirai
(T) paceloties lidz 250 °C, tvaika spiediens (p) sasniedz 4 MPa. Paraléli
tvaika razoSanai tiek uzsildits reaktors. P& nominalo parametru
sasniegSanas, reaktora ieladé sagatavoto izejmaterialu un aizver vaku, kas
hermétiski noslédz reaktoru. Sarazoto tvaiku ielaiz reaktora, kur < 15 s laika
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tiek sasniegti TSA parametri. TSA laiks (7) tiek skaitits no nominalo
parametru sasniegSanas briza reaktora. P&c izturtd apstrades 7 atver
reaktora apaksa ierikoto lodveida kranu un, spiedienam strauji samazinoties,
apstradatais materials tiek ,,izSauts” (saskiedrots) uztvergja.

Izejmaterialu apstradei parsvara izmantots 1 uztveréjs ka paradits
l.att., tacu sakara ar Latvijas Republikas patenta pieteikumu Nr. P-10-03,
dala eksperimentu veikta izmantojot savstarpgji savienotus 2 uztvergjus.

TSA procesa piesatinata tvaika (p 2...4 MPa) un augstas temperatiiras
ietekmé (T 160...250 °C) koksnes komponenti hidroliz&jas. Sajos apstak]os
no koksnes komponentiem atSkelas skabas grupas, veidojot skabes, kas sak
darboties ka autokatalizatori. Rezultata notiek celulozes amorfas dalas un
hemicelulozu autohidrolize, ka arT lignina destrukcija. Dekompresijas bridi
notick mehaniska materiala saskiedroSana un autohidrolizes kimiskas
reakcijas parstaj darboties (tick iesaldStas). TS procesa mainas ne tikai
koksnes kimiska struktiira, bet ari virsmolekulara un ultrastruktiira, jo
galvenie koksnes polimérie komponenti nodalas atseviskas fazes. TSA
procesa izejmaterialu apstrada nemot véra T un 7 atkaribu, jeb ta dévéto
barguma faktoru Ry:

(M

Dazadi kombingjot T un 7, TSA procesa panac vienu un to pasu Ry,
kas raksturo izejmateriala apstrades kvalitati. R, logaritmisko izteiksmi
izmanto ka autohidrolizes procesa atruma nosacitas funkcijas vértibu. Lidz
ar to eksperimenti veikti pie konstantas T 235 °C, mainot apstrades z— 0.5,
1, 2 un 3 min ar logR, vertibam attiecigi 3.67 (TS05), 3.97 (TS1), 4.28
(TS2) un 4.45 (TS3). Paraugu salidzinaSanai pie vienada R, izvEléts
papildus TS rezims, pie T 200 °C un 7 10 min (logR, 3.94, TS10).

Izejmaterialu raksturoSanai pirms un péc TSA noteikts mitrums (W)
un tilpumblivums (D) atbilstosi ES standartizétam metodém (LVS CEN/TS
14774-2, 2010; LVS CEN/TS 15103, 2005), ka arT paraugu novéroSana ar
elektronisko mikroskopu.

PaSsaistoSo dalinu platnpu izgatavosana

PassaistoSo dalinu platnu izgatavoSanu veido trfs pamatoperacijas:
1) izejmateriala TSA; 2) apstradata (TSA) materiala ZzaveSanas un
homogenizeésanas; 3) karstas presé€Sanas un sekojosas dzeseSanas prese.

Iev@rojot literatiira atrastus atzinumus, izejmaterials peéc TSA (TSA
materials) tika zavets lidz W 5...20 %. Dala no TSA materialiem samalti
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dzirnavas izmantojot sietu ar 2 mm acim, ta iegiistot viendabigu frakciju.
Platnu paraugu presésanai sagatavotas 6 veidu TSA materialu frakcijas:

e TSA Skeldas — skeldas (5...20 mm) péc TSA;

e TSA skaidas — skaidas (0.4...2 mm) péc TSA,;

e TSA Skeldas <2 mm — $keldas pe&c TSA homogeniz&tas dzirnavas;

e TSA Skeldas < 2 mm (u) — Skeldas pec TSA homogenizgtas

dzirnavas un ekstrahétas tident;

e TSA skaidas 1..2 mm — TSA skaidu frakcija péc sijasanas caur

sietiem ar acu izmériem 2 un 1 mm,;

o TSA skaidas < 0.4 mm — TSA skaidas sijatas caur sietu ar 0.4 mm
acim.

Platpu paraugi preséti izskirot 2 blivuma kategorijas: vidéja blivuma
paraugi (VBP) ar blivumu p < 800 kg m™ un augsta blivuma paraugi
(ABP) ar p > 1200 kg m™. Kopuma izm&ginati 38 rezimi (17 VBP un
21 ABP) dazadi kombingjot platnu izgatavoSanas tehnologiskos parametrus
(faktorus): TSA barguma faktoru logR,, TSA materiala frakciju un tas
mitrumu (Wyr 5..20 %), preséSanas temperatiru (Tpr 150...190 °C) un
spiedienu (p 0.1..8 MPa). Pres€Sanas laiks (7) tika sadalits atkariba no
presésanas ciklogrammas (sk. 2.att.). VBP paraugkopas (Pk) presétas 16...23
min (sk. 2.att. VBP), ABP Pk izmantotas 3 ciklogrammas ar kopgjo 716, 31
un > 70 min (sk. 2.att. ABPI, 2, 3).

8 TS —_ VBP/MDB
ST —— ABP1/HDB1
E. 6 1 e ABP2/HDB2
§ 5 - -_——‘\‘t# ABP3/HDB3
N \ \

2341
3 XV \
B2 -
[9p] 1 - - \
0 - ' ' o : : : :
0 5 10 15 20 25 30 35

PreséSanas laiks/Time, min

2.att. Platnu paraugu preséSanas ciklogrammas.
Fig. 2. Time-cycle diagrams of pressure at pressing board samples.
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Katra preséSanas ciklogramma ieklauj izturéSanu pie noteiktas T un
p. Karsta presésana turpinas 6...10 min, p&c tam preses sildiSanu atslédz un
dzesé lidz T < 80 °C. ABPI1 ciklogramma (sk. 2.att.) izmantota paraugus
pres€jot manuala presé pusslégta veida, formeSanas rami ieb&rtam TSA
materialam virst uzliekot uzkars€to puansonu. P& 10 min Kkarstas
pres€Sanas atslédz sildiSanu paraugu atstajot presé dzeseties lidz kop&jam
7> 70 min.

Izgatavotie platnu paraugi kondiciongti standarta apstaklos
(T204£2 °C, H 65+5 %) lidz nemainigai masai, tad sazagéti vajadzigos
izm@ros, atbilstoSi noteicamo TIpaSibu (mitrums, blivums, uzbrieSana
biezuma péc iegremdeSanas fideni uz 24 h, robezstipriba un elastibas
modulis liec€, robezstipriba stiepg, mitrumizturiba) prasibam (sk.
,lzmantotie materiali un metodes”). Katrai no paraugkopas ipasibam vidgji
veikti 8 atkartojumi.

Noteikto platnu paraugu Ipasibu izmainas atkariba no izgatavoSanas
parametriem pétitas izmantojot korelacijas, regresijas un Kkovariacijas
analizes. Faktoru sakaribu hipotézes parbauditas ar varbiitibu P = 95 %.
Paraugkopu vidgjo vértibu salidzinaSanai izmantota vienfaktora dispersijas
analize un t-tests ar batiskuma ltmeni o = 0.05.

PETIJUMU REZULTATI

Tvaika spradziena apstradato materialu raksturojums

Pec TSA izejmaterials parversas Skiedru kiilos, kas ietver sevi gan
atseviskas Skiedras, gan to fragmentus, gan smalkakas dalinas. Sie $kiedru
kiili uzreiz p&c TSA ir elastigi, viegli sagraujami un atgadina satriidéjusu
koksni. P&c zavesanas Skiedru kuli saciet€ un atgadina sausa mala gabalus,
kas raksturo materiala pasadhéziju.

TSA procesa ziid noteikta dala no apstradajama izejmateriala absoliiti
sausas (a.s.) masas, kas ir gaistoSu savienojumu veida saSkeltas
hemicelulozes. Paliclinoties TSA barguma faktoram Ry, bitiski palielinas
apstradajama materiala masas zudumi (My, %), ko apraksta linearais
modelis:

Myess = 20.09-logR, — 69.58. (2)

Modelis (2) izskaidro 86.4 % no izejmateriala masas zudumiem
atkariba no R, izmainam: logR, palielinoties par 1 vienibu, TSA materiala
masas zudumi vidgji palielinas par 20 %. Izejmaterialus apstradajot pie
logRg 3.94 un 3.97, to masas zudumu starpiba nav bitiska. Tas apstiprina
apgalvojumu, ka dazadi kombingjot TSA parametrus, kas raksturojas ar
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vienadu Rg, var panakt vienu un to pasu apstrades kvalitati. P&tjjumi rada, ka
izejmateriala mitrumam mainoties 6...12 %, TSA materiala masas zudumi
batiski samazinas 12...6 % (pie logRg 3.97).

Baltalk§Spa kimisko komponentu sastavs péc TSA svarstas
atkariba no Ry. TSA materialu ekstrah&jot ar tideni, taja iz8kist 4...18 % no
a.s. izejmateriala masas, ko sastada hemicelulozes, ka ar1 niecigos
daudzumos hidrolizéta celuloze un mazmolekularie fenoli. AtlikuSo
materialu ekstrahgjot ar 0.4 % sarmu, taja izSkist 17..32 % no a.s.
izejmateriala masas, ko sastada SkistoSais lignins un Tdeni nes$kisto$as
hemicelulozes. TS ligninu (TSL) izdala no sarma Skiduma péc
neitralizacijas ar salskabi.

P&c TSA pie logRy 3.97 izdalitais lignins (TSL1) sastada 15 %, pie
logRy 4.28 (TSL2) — 22 %, un pie logRy 4.45 (TSL3) — 21 %. Pedgjie divi
rezultati ir salidzinami ar lignina saturu, kads ir noteikts neapstradatai
baltalk§pa koksnei — 22.9 %. No ta var secinat, ka p& TS1 materialu
ekstrahgjot fident $kist ne tikai hemicelulozes, bet arT lignina destrukcijas
produkti. Tapéc ligninu izdalot no TS1 materiala, tiek iegati 15 % no a.s.
izejmateriala masas. Savukart ligninu izdalot no TS2 materiala iegtist 22 %,
kas ir ap 95 % no baltalksna izejmateriala esosa lignina.

Péc TSA materiala ekstrakcijas ar Gideni un sarmu paliek cietais
atlikums ko déve par TS celulozi. P&c TS1 cietais atlikums sastada 54 % no
izejmateriala a.s. masas. Ir zinams, ka neapstradata baltalksna koksne satur
45 % celulozes. Tas nozimg, ka TS1 celuloze vél satur ligninu, kas neskist
sarma skiduma. TS2 un TS3 celuloze sastada 47 %, kas butiski neatskiras no
izejmateriala celulozes satura. P&¢ TSA materialu kimisko komponentu
frakciongSanas var secinat, ka pieaugot Ry hemicelulozu saturs samazinas,
bet celuloze un lignins kvantitativi saglabajas.

SEM analize parada, ka skeldas apstradajot TS veidojas kili ar
lielaku veselu skiedru saturu ne ka skaidu gadijuma. lesp&jams, tas notiek
tapéc, ka Skeldu paraugi vairak satur serdes staru $iinu, kas perpendikulari
saSuvusas ar vertikalam libriforma $tinam.

Izejmaterialu noveérojot ar SEM, redzama mehaniski sagrauta
koksnes virsmas struktiira ar paralélam Skiedram un labi saskatamiem
traukiem (sk. 3.att. a). P&c TSA §is komplekss tiek destrugéts daudz dzilaka
Iimeni, jo saskatamas saSkeltas atseviskas Skiedras un trauki ar
karamelveidigo klajumu uz virsmam (sk. 3.att. b un c).

TSA paraugus ekstrahgjot ar @ideni un sarma $kidumu, Skiedru
virsmas klust gludas, ar izteiktu mikrofibrilu strukturgjumu (sk. 3.att. d). Sis
novérojums apstiprina apgalvojumu, ka karame]veida klajumu uz Skiedru
virsmam sastada TS lignins (precizak — lignina destrukcijas produkti) un
hemicelulozes, kas kopa karstas presésanas laika darbojas ka adhezivi.

14



3.att. BaltalkSpa Skiedru SEM attéli:
a— pirms TSA; b — péc TS1; ¢ — péc TS3;
d — péc TS2 un ekstrah&Sanas ar tideni un sarmu.

Fig. 3. SEM micrographs of grey alder fibres:
a — before SEA; b — after SE1; ¢ — after SE3;
d — after SE2 and extraction with water and alkali solution.

Izejmaterialu  TSA saskiedroSanas pakape noteikta paraugus
frakciongjot sietu kolona ar acu izmériem 0.2, 0.4, 0.63, 0.8, 1 un 2 mm.
TSA skeldu frakcija satur 73 % kilu, kas palika uz sieta ar 2 mm acim. Sietu
frakcionéSana atklaja, ka butiska Skeldu dala netiek saskiedrota TSA. Tam
par iemeslu ir serdes staru Stinas, kas trauce parauga fizikalo sadalisanu TSA
procesa. No citas puses TSA skeldas satur vairak ka 25 % dalinu frakciju <
2 mm, atsevisku Skiedru un nelielu kiilisu veida.

TSA skaidu lielako frakciju sastada 1..2 mm dalinas (32%). St
parauga frakcija > 2 mm sastada gandriz 23 %, kas liecina par TSA
materiala salipSanu zavéSanas procesa (paSadhézija).

Pé&c TSA skaidu samalSanas, paraugs sadalas visas starpsietu
frakcijas, ar lielaku dalinu saturu (22.8 %) 0.8...1 mm izmé&ros. ST parauga
frakcija < 0.2 mm satur gandriz 10 %. Savukart ar defibratoru iegtito Skiedru
frakcija < 0.2 mm satur gandriz 80 %, kas norada uz bitiskam atsSkiribam ar
TSA skiedram.
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TSA Skiedru paraugus raksturojot ar Skiedru analizatoru,
vidgjais garums ir lielaks TSA Skeldu paraugiem (0.83...1.18 mm), bet
platums — lielaks paraugiem no TSA skaidam (0.031...0.048 mm). Sis
noverojums sakrit ar SEM analizi, kas parada lielaku atsevisko Skiedru
saturu TSA Skeldu paraugiem. Savukart TSA skaidu Skiedru garumu
ierobezo mehaniska malSana pirms TSA.

Garakas Skiedras konstatétas paraugiem no 0.4...0.2 mm dalinu
frakcijas (1.18 mm), kas nedaudz isakas par lapu koku garakam Skiedram
(1.28 mm). Sietu kolona frakciongto TSA paraugu Skiedru platums ir lielaks
par vidgjo lapu koku $kiedru platumu (attiecigi 0.048 un 0.033 mm). So
noveérojumu varétu izskaidrot ar to, ka TSA $kiedru virsmas ir noklatas ar
lignina destrukcijas produktiem, kas palielina isto skiedru platumu. To
apstiprina paraugu analize pec ekstrakcijam ar fideni un sarma skidumu, kas
biitiski samazina paraugu $kiedru platumu. Skiedru analize arf apstiprina, ka
paaugstinot TSA barguma faktoru Ry, Skiedru garums samazinas.

Salidzinot paraugus iegttus ar 2 TSA uztverejiem, atklajas butiskas
atSkirtbas smalko dalinu (< 0.2 mm) satura: 2. tvertng to ir par 10 % vairak
neka 1. TS tvertn€. Tas liecina par to, ka atkariba no TS tvertnu daudzuma,
apstradajamais materials tiek sadalits noteiktas frakcijas, katra nakama
tvertné dalinu izmériem bitiski samazinoties.

Paraugu skiedru garuma—platuma attieciba raksturo Skiedru
tehnologisko kvalitati. Miksto lapu koku neapstradatai koksnei $is raditajs
svarstas 36...51, bet ripnieciskam defibratora skiedram — 37...92. Baltalksna
Skiedram péc TSA $is raditajs ir 12...30, kas norada uz to nelabvéligam
Ipatnibam. Tacu jagem véra, ka So rezultatu ietekm& neadekvats TSA
Skiedru platums.

Izejmaterials p&c TSA skiedroSanas rezultata izpleSas, tapéc ta
tilpumblivums D biitiski samazinas: skeldam > 1.5 reizes (156—100 kg m™),
skaidam ~1.2 reizes (189—150 kg m™, pie logR, 3.97). P&c TSA pie
logR, 3.94, $keldu D samazinds gandriz 1.7 reizes (lidz 93 kg m™), bet
skaidu — 1.45 reizes (lidz 130 kg m™). Tas norada, ka pie logR, 3.94
izejmaterials saskiedrojas vairak neka pie logR, 3.97. No citas puses, pie
logRo 3.94 izejmaterials masu zaudé nedaudz vairak neka pie logR, 3.97.
Tatad, TSA materiala D pie logR, 3.94 ir zemaks uz zemakas masas rékina.

TSA paraugu malSanai un frakciongSanai sietu kolona ir biitiska
ietekme uz D. P&c TSA skeldu malSanas D bitiski paaugstinas, bet TSA
skaidam — samazinas, ta abam frakcijam sasniedzot butiski neatskirigas
vertibas. Samazinoties frakciongsanas sietu acu izmériem (2 — 1 — 0.4 mm)
attiecigi samazinas paraugu D: 138 — 133 — 121 kg m™. Sie rezultati ir griti
interpret€jami, jo parasti, ja materials sastav no smalkakam dalinam, ta
blivums ir lielaks. TSA materialu gadijuma smalkakas dalinas ir vieglakas,
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kas apstiprinas arT testgjot skiedru raupjumu paraugiem < 0.16 mm no 1. un
2. TS tvertném (attiecigi 499 un 384 ug m™).

Tilpumblivuma D noteikSana apstiprina, ka TSA procesa
izejmaterials tiek saSkiedrots neefektivi, salidzinot ar defibratora iegfitam
Skiedram, kam D ir vismaz 3 reizes mazaks (33 kg m™). Tas norada uz TSA
materialu relativi lielo D, kas bitiski atSkiras no riipnieciskam Skiedram.

Termogravimetrijas (TG) analize atklaja, ka neapstradatas
baltalk$pa skaidas péc mitruma iztvaikoSanas masu sak zaudét pie T 200 °C,
ar vienu atruma posmu. Savukart TSA skaidas masu sak zaudet pie
T 140 °C, ar diviem atruma posmiem. Tas norada, ka TSA materials ir
termiski mazak izturigs Iidz T 300 °C (sk. 4.att. 1, 2). Tadu Sie paraugi
vienadi zaudé 25 % no masas pie T 300 °C. Skaidu paraugu pirms un péc
TS1 straujie masas zudumi beidzas pie T ~370 °C, termiski izturigakam
paliekot TS1 skaidam (sk. 4.att. 1, 2).

804

=i}
=
1

Masas zudumi/Mass loss
I
L}

)
=
1

100 2IDD 3IDU 4IUD 500 600 ?IUU SIUU QIUD °CI
Temperatiira / Temperature

4.att. Baltalksna koksnes paraugu termogravimetrijas liknes:
1 — skaidas pirms TSA; 2 — TS1 skaidas; 3 — no TS1 materiala izdalitais lignins.

Fig. 4. Thermo-gravimetric curves of grey alder wood samples:
1 — particles before SEA; 2 — particles after SE1;
3 —lignin isolated of SE1 material.

Termiskas sadaliSanas ietekm& ligninam (TSL) straujie masas
zudumi sakas pie T 140 °C, lidzigi ka TS1 skaidam (sk. 4.att. 2, 3). Pie
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T 140 °C TSL1 masas zudumi sastada ~4 %, bet TSL2 un TSL3 — ~5 %
atkariba no paraugu mitruma. Temperatiirai paaugstinoties lidz T 240 °C,
termiski izturigaks ir TSL1 paraugs.

Pie T 300 °C TSL1 masas zudumi sastada 18 %, TSL2 — 17 %, bet
TSL3 — ~16 %. Tas norada uz nelielam atskirtbam starp TSL paraugiem
atkariba no Ry un uz So paraugu butiski lielaku termisko izturibu pie
T > 280 °C, salidzinot ar skaidam pirms un péc TSA (sk. 4.att.).

Diferencialas skanéjoSas kalorimetrijas (DSC) analize parada
paraugu fizikalo pargju no stiklveida uz augsti elastisko stavokli, ko defing
par stikloSanas temperatiiru (Tg). Tas ir loti svarigs faktors pres€jot TSA
materialus. Ar instaletu DSC analizes programmu tika aprékinats, ka minéta
pargja TSL1 paraugiem notiek pie T ~130 °C, TSL2 — T ~150 °C, un
TSL3 - T ~155 °C.

No TG un DSC analizém var secinat, ka baltalkSna passaistoSo dalinu
platnu paraugu preséSanai izmantotds temperatiras (T 150...190 °C) atbilst
lignina augsti elastiska stavokla sasniegSanai, lai tas darbotos ka saistviela.

Platnu paraugu fizikali mehaniskas ipasibas

Vidgja blivuma platgu (VBP) paraugu blivums p varié
475..930 kg m™. Augsta blivuma platnu (ABP) paraugu blivums varié
1242...1415 kg m™. Izmantojot daudzparametru linearas regresijas analizi,
ieglits statistiski nozimigs modelis, kas izskaidro 87.3 % no platpu blivuma
(p, kg m™) izmainam atkariba no preséSanas temperatiiras (Tor), spiediena
(p) un laika (7):

p=1651.9 -5.869-T, + 79.982-p + 2.514-. 3)

Modela (3) koeficienti norada: T, paaugstinot par 1 °C, p vidgji
samazinas par 5.9 kg m; p paaugstinot par 1 MPa, p vidgji paaugstinas par
80 kg m™; rturpinot ilgak par 1 min, p vid&ji paaugstinas par 2.5 kg m™.

Platpu paraugus analizgjot pa blivuma kategorijam, tie dazadi korelé
ar izgatavoSanas parametriem. VBP p korel€ vienigi ar biezumu S, kam
paaugstinoties par 1 mm, p vidgji samazinas par 80 kg m>. To var izskaidrot
ar to, ka visu paraugu pres€jama masa (svars) ir vienada, bet iegtito platnpu
biezums atSkiras. L1dz ar to svarstas art platnu blivums.

ABP p izmainas statistiski nozimigi korel€ ar p, Tyr, S un presgjama
materiala tilpumblivumu D. So sakaribu izsaka statistiski nozimigs linearas
regresijas modelis:

p=15126+09-D+143-p-29.1's- 1L.1-T,. 4

Modelis (4) izskaidro 84.5 % no ABP blivuma izmainam: D, p, S un
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Tor paaugstinot par 1 vienibu, p attiecigi vidgji paaugstinas par 0.9, 14.3 un
samazinas par 29.1 un 1.1 kg m™.

PaSsaistoSo dalinu platpu mitrums W varié 4.0...10.3 %. VBP
paraugu vidgjais Wy 5.2 %, ABP — 8 % un §1 starpiba ir statistiski biitiska.
Sis atikiribas ir saistitas ar mitruma iztvaiko§anu paraugu presé$anas laika.
Presgjot VBP mitrums iztvaiko pilnigi, savukart ABP preseSanas laika
noteikta mitruma dala (Iidz 7 %) saglabajas. Spriezot péc VBP mitruma
(Wpi 5...6 %) pienemts, ka tas ir maksimalais daudzums kadu var uzsiikt
pasSsaistoSo dalinu platnes péc pres€Sanas. Tatad, ja p€c preseSanas
kondiciongjot paraugus ABP turpina uzsukt mitrumu, ta vidgjais raditajs
klust augstaks neka VBP paraugiem.

No TSA skeldam iegiito platnu mitrums ir lielaks vid&ji par 1.4 %
salidzinajuma ar platném, kas iegiitas no TSA skaidam (sk. S.att. a).
Iespgjams TSA Skeldu materials uzstic mitrumu vairak tap€c, ka tas ir
papildus samalts. Tacu dispersijas analize apstiprina, ka VBP un ABP
mitruma starpiba atkariba no materiala frakcijas nav bitiska.
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5.att. Platpu mitruma atkariba no presésanas spiediena (a)
un preséjama materiala mitruma (b).
Fig. 5. Correlation between the moisture of pressed boards and pressure (a)
and moisture content of the SE material (b).

Ka redzams no 5.att. (a), gan VBP, gan ABP mitrums bitiski
samazinas, palielinot pres€Sanas spiedienu. Kovariacijas analize apstiprina,
ka mitruma samazinasanas starpiba ir butiska starp VBP (1.3 %) un ABP
(0.43 %) paraugiem, spiedienu palielinot par 1 MPa.
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Platnu mitruma Wy, atkariba no preséjama materiala mitruma W, ir
paradita 5.att. (b): palielinoties Wy, palielinas ar1 Wy. VBP gadijjuma §1
sakariba nav butiska parak lielas platpu mitruma variacijas de]. ABP
gadfjuma linearas regresijas modelis statistiski nozimigi izskaidro 97 % no
platpu mitruma izmainam: Wy, palielinot par 1 %, Wy, vidgji palielinas par
0.41 % (sk. 5.att. b— ABP).

Korelacijas analize rada, ka ABP mitrums bitiski ir atkarigs arT no
pres€jama materiala tilpumblivuma D un pres€Sanas spiediena p. Tacu kopa
Sie faktori nespgj izskaidrot ABP mitruma izmainas ar linearo modeli, jo ta
koeficienti nav biutiski. Regresijas analize apstiprina, ka D palielinoties par 1
kg m~, ABP W, biitiski samazinas par 0.09 %.

Savukart, VBP mitrums Wy, biitiski ir atkarigs no p un D, ko izsaka
statistiski nozimigs linearas regresijas modelis:

W, = 8.57 —0.02:D — 1.07+p. )

No modela (5) izriet: TSA materidla D palielinoties par 1 kg m>,
VBP W, samazinas par 0.02 % (kas butiski neatSkiras no ABP mitruma
samazinaSanos atkariba no D); ja spiedienu p palielina par 1 MPa, VBP W,
samazinas par 1.07 %.

Platnu uzbrieSanas biezuma (G;) vértibas varié 3...19 %: VBP —
6...19 %, ABP — 3...11 %. Dispersijas analize apstiprina, ka VBP un ABP
uzbrie$anas biezuma vidgjo vertibu at$kiriba statistiski nav butiska.

Visvairak uzbriest VBP paraugi izgatavoti no TSA materiala péc
iidens ekstrakcijas. Sis materials nesatur ddenT $kistosas hemicelulozes, kas
norada, ka noteikta hemicelulozu dala ir nepiecie$ama, lai panaktu labaku
passaistoso dalinu platnu formas stabilitati.

TSA barguma faktors Ry statistiski biitiski izskaidro 62 % no platgu
uzbriesanas biezuma izmainam ar linearas regresijas modeli:

Gy = 57.05 — 12.02-logR,. (6)

No sakaribas (6) izriet: logR, pieaugot par 1 vienibu, platnu
uzbrieSana biezuma vidgji samazinas par 12 %.

Pie logRy, 3.67 baltalksna koksne nav pietickami modificéta un
restrukturizéta, lai nodroSinatu nepiecieSamo pasadhéziju un formas
noturibu, kas bitiski uzlabojas pie logR, 3.97. Barguma faktoram pieaugot
lidz vertibai logR, 4.45, platnu uzbrieSana biezuma vél nedaudz samazinas,
tacu atSkiriba nav butiska. Lidz ar to var apgalvot, ka TS1 rezims (T 235 °C;
71 min; logRy 3.97) ir optimals platgu iegisanai ar zemo uzbrieSanu.

VBP uzbrieSanas biezuma Gyygpy variéSanu statistiski biitiski nosaka
presgjama materiala mitrums W, un platnu blivums p péc linearas
sakaribas:
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Gyvep) = 5.64 — 0.214-W,, + 0.007p. 7

Modelis (7) biitiski izskaidro 82.1 % no VBP G; vertibam: Wy,
palielinot par 1 %, Gyagpy Vid&ji samazinas par 0.2 %; p palielinot par
1 kgm>, Gyasp) Videji palielinas par 0.007 %. Kaut arT modela (7) blivuma
koeficienta p skaitliska izteiksme varétu likties loti zema (0.007), tacu ta ir
butiska, kas ir pamanams arT grafiski (sk. 6.att. a).

VBP/MDB ABP/HDB |
RSy - 10
N $8
3 dM IS
DR A 6
. < 4
4/” 0
12 0 7 1 i
, 1 600 |
a Wir, w pkem” b Trg Ty 2 p, MP2

6.att. VBP G atkariba no Wy, un p (a) un ABP G; atkariba no Ty un p (b).

Fig. 6. Correlation of MDB G; with W, and p (a)
and correlation of HDB G with T, and p (b).

ABP uzbrieSanas biezuma Gyagp) izmainas statistiski biitiski
izskaidro preséSanas mitrums Wy, un laiks 7 pé&c linearas sakaribas:

Giagp) = 10.20 — 0.69-W,, + 0.033'. )

Modelis (8) izskaidro 82 % no Gyagp) izmainam: ja Wy, palielina par
1 %, Gyasp) Vid&ji samazinas par 0.7 %; ja 7 turpinas par 1 min ilgak, Gyagp)
vidgji palielinas par 0.03 %. Sakaribu (7) un (8) W, koeficienti norada, ka
W, palielinoties par 1 %, VBP un ABP G; samazinas at8kirigi,.

ABP uzbrieSana biezuma atkariba no preséSanas temperatiiras Ty, un
spiediena p ir paradita 7.att. (b). Sie faktori bitiski izskaidro 72.5 % no ABP
G, izmainam, noradot, ka Ty, pacelot par 1 °C, ABP G; vidgji paaugstinas
par 0.1 %; ja p palielina par 1 MPa, ABP G; vidgji paaugstinas par 0.6 %.

Platnpu robeZstipriba statiskaja lieceé (f,) varic 1..53 N mm™
robezas: VBP — 1..8 N mm™, ABP — 14...53 N mm™. Platgu f,, raditaju
variéSana bitiski atkariga no preséSanas temperatiiras T,, TSA materiala
dalinu izm@riem (frakcijas) un to mitruma Wy, un platgu blivuma p.
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Augstaki VBP f,, raditji ir sasniegti paraugiem no smalkakam TSA
skaidu frakcijam ar Wy, 12 %. Paaugstinot Wy, 12...20 %, VBP f;, vértibas
pazeminas. VBP gadijuma paaugstinot Ty, 150...170 °C, pie Wy 8 %, fy
vertibas videji pazeminas. Savukart pie Ty, 170 un 180 °C (W, 12 %) VBP
paraugu fo, raditaji butiski neatskiras (sk. 7.att.).
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7.att. Platpu robeZstipriba liece f;,, atkariba no preséSanas temperatiiras
T, ieverojot preséjama materiala mitrumu W,
Fig. 7. Correlation between board bending strength f,, and pressing
temperature T, with account of MC of the SE material W,.

ABP gadijuma pie T, 160 °C f, raditaji varie 27..53 N mm™
robezas, ko ietekmé Wy, (sk. 7.att.). Paraugiem ar W, 8 %, paaugstinot
Tpr 150...160 °C, f; vertibas butiski paaugstinas. Savukart paraugiem ar
Wyr 12 %, paaugstinot T, 150..160 °C f, vértibas pazeminas. Tatad,
pres€jot ABP optimalais Wy, ir 8 %. Paaugstinot T, 160...190 °C, ABP f,
vertibas lineari bitiski samazinas (sk. 7.att., 38., 26., 27., 20., 21.Pk). Tas
apliecina, ka T, 180...190 °C negativi ietekmé passaistoSo dalinu platnu
mehaniskas pasibas.

VBP zemos lieces raditajus, visticamak, ietekm& TSA materialu
augstais tilpumblivums D. TSA procesa koksnes struktira butiski
parveidojas, izjaucas poliméru — hemicelulozu, celulozes un lignina matrica.
Iesp&jams tapec TSA materiali raksturojas ar augsto D. Sakara ar to, presgjot
VBP ar p 700 kg m™, nepiecieSams zems spiediens — p 0.2 MPa. Pie $ada
spiediena izveidojas nepietickami daudz kontaktu starp preséjama materiala
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dalinu virsmam, kas rezultata negativi ietekmé preséta parauga mehaniskas
pasibas.

ABP preseSanas gadijuma lielaks spiediens nodrosina maksimalo
dalinu sablivésanu, ka rezultata starp tam rodas pietiekami daudz kontaktu.
Sakara ar Siem apsv@rumiem, japienem, ka tas ir galvenais iemesls
zemajiem VBP f,, raditajiem.

Par TSA materialu frakcijas butisko ietekmi uz f;, raditajiem liecina
8.att. paradita sakariba. No tas skaidri redzams, ka VBP gadijuma labakos fy
rezultatus sasniedz paraugi no TSA materiala frakcijas < 0.4 mm. VBP
paraugi no TSA materiala frakcijas 1...2 mm, augstu f,, veértibu sasniedz
augsta blivuma dé| (p 930 kg m™). Savukart ABP gadijuma, labakie f,
rezultati sasniegti platném no TSA materiala frakcijas <2 mm.
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8.att. Platnu robeZstipriba liece f,, atkariba no TSA materiala frakcijas:
1 — TSA skeldas; 2 — TSA skaidas; 3 — maltas TSA skeldas <2 mm; 4 — TSA skaidas 1...2 mm;
5 — TSA skaidas < 0.4 mm; 6 — maltas TSA skeldas p&c tidens ekstrakcijas.

Fig. 8. Boards bending strength dependence on SE material fraction:
1 - SE chips; 2 — SE particles; 3 — ground SE chips <2 mm; 4 — SE particles 1...2 mm;
5 — SE particles < 0.4 mm; 6 — ground SE chips after water extraction.

Platnu robeZstipribas liecé f,, izmainas vislabak izskaidro platpu
blivums p, ko apraksta linearas regresijas modelis:
fm = 0.039-p—22.8. ©)

Modelis (9) izskaidro 84.7 % no f,, izmainam sekojosi: p palielinoties
par 1 kg m”, f,, vértiba vidgji pieaug par 0.04 N mm™.
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Izveért€jot maksimalos f, raditajus, optimalie platnu ieghsanas
apstakli atskiras atkariba no blivuma. VBP gadijuma: TS1 materiala frakcija
<0.4 mm, Wy, 12 %, Ty 170 °C, p 0.2 MPa, 7 16 min; ABP — TS1 materiala
frakcija <2 mm, Wy, 8 %, Ty 160 °C, p 3...8 MPa, 716 min.

Passaisto$o dalinu platnu elastibas modulis statiskaja lieceé (E.)
varie 76..7256 N mm?” robezas: VBP — 76..1679 N mm~”, ABP -
2573..7256 N mm?™. Platgu E, raditaji mainas lidzigi ka f, gadijuma.
Neskatoties uz lielu rezultatu izkliedi, 76 % no E, raditaju izmainam
statistiski butiski izskaidro pres€Sanas spiediens p p&c linearas sakaribas:

E,, = 930 + 632.36p. (10)

Balstoties uz sakaribu (10) var pamatoti apgalvot: p palielinoties par
1 MPa, E,, vértiba vidgji palielinas par 632.4 N mm™. ST sakariba ir paradita
9.att. (a), icklaujot preséjama materiala frakcijas ietekmi.
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9.att. Platnu E,, izmainas atkariba no spiediena p (a) un blivuma p (b).
Fig. 9. Modulus of elasticity vs. pressure p (a) and density o (b).

Paraugu E, izmainas atkariba no blivuma p paradita 9.att. (b), no ka
redzams, ka sakariba nav viennozimiga. Otras kartas polinoms izskaidro
tikai par 2 % vairak no E;, izmainam, neka linearais modelis:

En = 6.74-p - 3775.16. (11

No modela (11) izriet: p palielinoties par 1 kg m”, E,, vértiba vidgji
palielinas par 6.74 N mm™. Izvértgjot maksimalos E,, rezultatus, optimalie
platnu iegtSanas apstakli atSkiras atkariba no blivuma. VBP gadijuma —
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TSA materiala frakcija < 0.4 mm, Wy 12 %, Ty 170 °C, p 0.2 MPa; ABP —
TSA skaidu frakcija, Tpr 150...180 °C, W, 5...8 %, p 2...8 MPa.

PassaistoSo dalinu platnu robeZstipriba stiepé perpendikulari
platnes plaknei (f;,) varie 0.03..2.0 N mm™ robezds. VBP paraugu f; "
raditaji varie 0.03...0.65 N mm?, ABP — 0.4..2 N mm™. Starpiba starp VBP
un ABP f;, raditajiem ir statistiski buitiska.

Platgu f;, vertibu izmainas ir atkarigas no preséSanas spiediena p,
laika 7un izejmateriala frakcijas (Skeldas vai skaidas), ko apraksta statistiski
nozimigs linearais modelis:

f;,=0.051-p+0.022- 7+0.283(5keldas/chips) —0.019- r(Skeldas/chips)-0.135. (12)

Izejmaterials/Raw material
2,04 olSkeldas/Chips i
AllSkaidas/Particles

f,,, Nmm?
=

. 0
6 20 .
D, Mpa 80 % min U
10.att. Platpu f;, atkariba no p un 7, ievérojot izejmateriala frakciju.
Fig. 10. Dependence of internal bond on p and zwith account of raw
material.

Modelis (12) izskaidro 91.4 % no f;, veértibu izmainam, kas grafiski ir

paradits 10.att. No ta redzams, ka pastav biitiska faktora 7 mijiedarbiba
atkarba no izejmateriala. Lidz ar to modeli (12) var sadalit divos
vienadojumos, atkariba no izejmateriala frakcijas.

Platnes presgjot no TSA skeldam, f;, varié péc sakaribas:

f, =0.148 + 0.051-p + 0.003: 7. (12 a)
No modela (12 a) koeficientiem izriet: p palielinot par 1 MPa, f;;
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vértiba vidgji paaugstinas par 0.051 N mm?; 7 palielinot par 1 min, f; "
vértiba vidéji palielinas par 0.003 N mm™.

Savukart platnes presgjot no TSA skaidam, f;, vértibas izmainas péc
Sadas sakaribas:

f, = 0.051-p + 0.0227- 0.135. (12 b)

No 10.att. var redzét, ka maksimalas f,, vertibas tick sasniegtas

paraugiem no izejmateriala skaidu frakcijas, kas parada batiski lielaku
prieksrocibu neka izejmaterialam no Skeldu frakcijas.

No izpétitam sakaribam var secinat, ka platgu f;, vertibu izmainas ir
atkarigas no izejmateriala frakcijas, pres€Sanas laika, spiediena un platgu
blivuma. JaatzZimé, ka preséSanas laiks, $aja gadijuma, nozime ar1 preséSanas
ciklu, seviski ABP gadijuma. Izejot no veiktam analizém, maksimalas f;,
vertibas ir ieglitas pie 770 min (ABP gadijuma). Ta¢u platnu razo$ana $ads
presésanas laiks nav pienemams. Tapéc izejot no pargjiem fi, rezultatiem,
optimalie paSsaistoSo dalinu platnu iegiiSanas apstakli ir: ABP — TSI
skaidas, Wy 5...8 %, Tpr 160 °C, p 2...8 MPa, 7 16 min; VBP — TS1, TS2
skaidas, Wy 8...12 %, Ty 160...170 °C, p 0.3...0.8 MPa, 716 min.

Izgatavoto platnu izmantoSanas iespéjas

Izgatavotie paSsaistoSo dalinu platpu paraugi batiski atSkiras no
ripnieciski razotajam koksnes dalinu platn€m, jo netiek izmantotas
sintétiskas saistvielas. Lidz ar to, passaistoso dalinu platnes ir jauns platnu
veids, péc struktiras 11dzigs kokskiedru un kokskaidu platnem.

Lai noteikt promocijas darba ietvaros izgatavoto platnu izmantosanas
iespEjas, tas ir salidzinatas ar standartiz€&tam kokskiedru un kokskaidu
platném veicot noteikto Tpasibu 5 procentilu aprékinus, atbilstosi izvéletiem
platnu tipiem:

e mitra panémiena vidéa blivuma kokskiedru platnes, vispargjai
izmanto$anai sausos apstaklos bez noslogojuma (LVS EN 622-3,
MBH, 2004);

e mitra panémiena augsta blivuma kokskiedru platnes, vispargjai
izmantoS$anai sausos un mitros apstaklos (LVS EN 622-2, HB un
HB.H, 2004);

e sausa panémiena kokskiedru platnes izmantoSanai sausos apstaklos ar
noslogojumu (LVS EN 622-5, MDF.LA, 2010);

e sausa panémiena kokskiedru platnes vispargjai izmantoSanai mitros
apstaklos (LVS EN 622-5, MDF.H, 2010);
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e kokskaidu platnes izmantoSanai mitros apstaklos ar noslogojumu

(LVS EN 312 P5, 2011).

Salidzinot VBP paraugu ipasibas atbilstosi izv€leéto platnu tipiem
jasecina, ka tas neatbilst standartizétam platném sakara ar parak vajam
mehaniskam ipasibam. Ka redzams no 1.tabulas, pat VBP paraugi ar
sasniegtam labakam 1paSibam neapmierina MBH platgu lieces izturibas un
elastibas modula prasibas.

1.tabula/Table 1
Izgatavoto VBP ipasibu raksturlielumi
salidzinajuma ar standarta prasibam

Parameters of self-binding MDB compared to the standard requirements

Galvenie raksturlielumi Apréekinatie raksturlielumi
Paraugs | Values of main parameters Calculated values
Sample S, Ps Wp|, Gt95 fms, Em57 ftJ_55
mm kg m> % (241h), % | Nmm? | Nmm? | N mm>
12. 5.940.10 | 72249 |5.4+0.03 10 3.9 984 0.19
14. 6.1+£0.06 | 679+18 - - 6.9 1025 0.17
15. 4.6+0.04 | 930+32 - - 7.1 1503 0.63
17. 6.1+£0.07 | 683+23 - - 5.7 868 0.07
EN standarta prasibas / Requirements of the EN standard
622-3 560...
MBH <10 900 4.9 15 15 2000 0.1

ABP paraugu raksturlielumi ar labakam iegtitam ipaSibam paraditi
2.tabula. No tas redzams, ka paraugu TpaSibas atbilst izv€léto standartu
prasibam, kas norada konkrétu platnu izmantos$anas veidu.

PassaistoSo dalinu platpu  mitrumizturibas novérté$anai  veikts
paraugu varisanas testéjums ar sekojoso robezstipribas stiepé perpendikulari
platnes plaknei parbaudi (LVS EN 1087-1, 2002). Papildus tam,
mitrumizturiba noteikta tirgii pieejamam kokskiedru platném, kas tiek
apzimétas ka  mitrumizturigas. Mitrumizturigds platnes  paraugs
(p 846+0.003 kg m™, s 6 mm) iegadats SIA ATTELS R uzpémuma Riga,
kas tirgo dazadus platnu materialus.

Mitrumizturibas parbaudes labakie rezultati ar noteiktam vid&am
robezstipribas stiepeé f;, un aprékinatam 5 procentilu (f;, s) vértibam ir
paraditi 3.tabula. Standartizetu kokskiedru (HB.H un MDF.H) un kokskaidu
(P5) platgu, paredzetu izmantoSanai mitros apstak]os, salidzinosas Tpasibas
dotas tabulas apaksgjas rindas. Paraugs MDF.M reprezentg tirgli piedavato
mitrumizturigo kokskiedru platgu rezultatus.
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2.tabula/Table 2

Izgatavoto ABP 1pasibu raksturlielumi
salidzinajuma ar standartu prasibam

Parameters of self-binding HDB compared to the standard requirements

Galvenie raksturlielumi Aprékinatie raksturlielumi
Paraugs | Values of main parameters Calculated values
Sample S, P Wi, Gtos fins, Ems, fi,5,
mm kg m3 % (24h), % | Nmm? | N mm? N mm>
23. 6.4+0.02 | 1405+5 — 11 33 6892 1.71
30. 6.5+0.02 | 139942 | 7.4+0.02 10 30 5549 0.90
32. 5.8£0.07 | 1378+11 — — 27 3520 —
36. 5.5£0.05 | 141545 — — 50 6271 —
38. 6.0+£0.04 | 1313+13 | 8.7+0.2 5 28 4135 0.50
EN standartu prasibas / Requirements of the EN standards
622-2 25/ 25/ 2300/ 0.5/
HpHBH| oo | 2900 | 4.9 5, 30 | 2900 | 0.6
622-5
MDFLA | = 6..9 - 4..11 17 29 3000 0.7
622-5
MDFH | = 6..9 - 4..11 12 27 2700 0.8
312P5 >6...3 — 5..13 11 18 2550 0.45

3.tabula/Table 3

Izgatavoto ABP paraugu mitrumizturiba saskana ar ES prasibam
Moisture resistance of self-binding HDB compared to EN standards

Paraugs Videja vertiba (f,|) | Standartklida | Aprékinata vértiba (f; )
Sample Mean value Standard error Calculated value

32. 0.25 0.085 0.17
37. 0.25 0.036 0.13
38. 0.34 0.030 0.24
MDEF.M/Control 0.02 0.001 0.01
EN standartu prasibas / Requirements of the EN standards
EN 622-2 HB.H (s > 5.5 mm) 0.25
EN 622-5 MDF.H (s > 6...9 mm) 0.15
EN 312 P5 (s <13 mm) 0.15

Ka var redz&t no 3.tabulas, HB.H platnu prasibam neatbilst ne viens
no izgatavotajiem paraugiem. Platnu MDF.H un P5 prasibam atbilst 32. un
38.Pk, noradot iesp&u izgatavotas platnes izmantot mitros apstaklos.
Savukart tirgii pieejamo mitrumizturigo platnu parauga MDF.M rezultats
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neatbilst izvéléto standartu prasibam. Sis rezultats Joti parsteidz, tatu ari
apstiprina, ka promocijas darba ietvaros izgatavotajam passaistoso dalinu
platn@m piemit loti pozitivas mitrumizturibas Ipasibas.

Potenciala TSA materialu izmantoSanas sféra var€tu paplaSinaties,
izp&tot arl citas to Ipasibas: siltumvaditsp&ju (siltumizolacijas materialos),
ugunsizturibu, dielektrisko caurlaidibu, elektrovaditsp&ju (elektroizolacijas
materialos), ciettbu un nodilumizturibu (lieSanas materialos). TSA
passaistoSo masu var€tu izmantot arT materialu izgatavoSanai ar ekstridera
papémienu, ko paslaik pielieto sajaucot smalcinato koksni ar dazadiem
sint€tiskiem polimeriem.

Izgatavoto platnu iespéjama razoSanas shema

P&c promocijas darba ietvaros izgatavoto platnu salidzinajuma ar ES
normam var redzet, ka tas var€tu izmantot dazados noliikos gan sausos, gan
mitros apstaklos. Péc veiktam analiz€m izskir 3 paraugu grupas (sk. 2. un
3.tabula 32., 36., 38. paraugi), kas ir izgatavotas pie dazadiem prescSanas
apstakliem. Piedavajot izstradato platpu ievieSanu ripnieciba, iesp&jama
razo$anas sh&ma varétu bit ar trijam preséSanas linijam (sk. 11.att.).

Potencialas shémas 1., 3. un 4. posmi ir tipiskie kokskaidu un
kokskiedru platnu razo$ana. Jautajums ir par 2. razo$anas posmu.
Vienkarsakais izejmaterials varétu biit baltalkSpa tievkoksne. Bet ta ka
izejmaterials ir nepiecieSams Skeldu vai tml. veida, riipnieciska procesa
varétu biit izmantojami arT mezizstrades un kokapstrades ripniecibas
atlikumi. Lidz ar to 2. posms domats tieSi dazadu izejmaterialu SkiroSanai
talakai apstradei.

Skeldu frakciongsana (sk. 11.att. 5.) domata mizas, zaru un lielaku
gabalu atdali$anai. Skeldu Zavesana lidz W 10..15 % ir nepiecieSsama
ekonomiskai TSA (sk. 11l.att. 6.). P&tjjumos noteikts, ka TSA materialu
izmaksas ir cieSi saistitas ar apstrades apjomiem. Lidz ar to paSsaisto$o
dalinu platnu rentabla raZzoSana varétu bt no 25000 t gada, kas sastaditu ap
18000 m™ jeb ~300000 m™ platqu ar biezumu 6 mm. Salidzina$anai var
pieminét, ka SIA Bolderaja OSB razo$anas linijas jauda ir 350000 m™ gada.
Seit jautajums ir par pieprasjjumu.

TSA materialu zaveésanai lidz W 8...12 % var izmantot MDF razosana
izmantojamas tehnologijas (sk. 11.att. 8.). TSA materiala homogenizésana
(sk. 11.att. 9.) arT ir atklats izpildiSanas jautajums. Iesp&jams, ka optimalais
variants varétu but kads no papirriipnieciba vai MDF razoSana lietojamiem
rafinieriem. Kaut gan, ka petijuma atklats, baltalkSna TSA materiala Gdens
ekstrakcija negativi ietekmé platnpu mehaniskas 1pasibas. Ka zinams,
ripnieciba izmantojamie rafinieri strada tvaika vidg.
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5. Skeldu frakciongsana 6. Skeldu 7avesana 15. Noliktava/Storage
Screening of chips Drying A
T * 14. Kondiciongésana
4. Izejmateriala $keldoSana 7. Nepartraukta TSA Conditioning
Chipping Continuous SEA s
* * 13. Platpu apzagesana
3. Izejmateriﬁla mizosana 8. TSA materialu zavésana CUttmg to size
Debarking Drying — .
* * 12. PreseSana/Hot-pressing
T 160 °C, pmax 3.4 MPa
2. Izejmateriala SkiroSana 9. Homogeniz&sana T 150 °C, Pmax 5 MPa
Sorting Homogenisation T 160 °C, Prex 8 MPa
t v )
1. Izejmateriala piegade 10. Paklaja formésana o 11. PiepreséSana
Supply of raw material Mat formation v Pre-pressing

11.att. BaltalksSpa passaistoSo dalinu platnu iespéjama raZoSanas shéma.
Fig. 11. Potential production line of grey alder self-binding boards.

Paklaja form&Sanai un piepreséSanai (sk. 11.att. 10. un 11.) varétu
izmantot tipiskas kokskiedru platnu razoSanas iekartas. Platnu preséSanu
varétu organizet trijas atseviskas daudzstavu pres€s ar nemainigiem
preséSanas parametriem (sk. 11l.att. 12.). PreséSanu varétu organizét ari
viena pres€, periodiski mainot reZimus. Pres€m obligati jabut aprikotam ar
dzesgSanas sist€émam.

P&c platnu presésanas seko tipiskas kokskaidu un kokskiedru platnu
razoSanas operacijas — apzaggSana noteiktos formatos un kondicioné$ana
(sk. 11.att. 13. un 14.). Jautajums ir par kondicion&$anu. Izstradato platnu
pres€Sanas beigu stadija ir paredzeta dzes€Sana, kur, iesp&jams, tick noversta
lielaka dala ieks$€jo spriegumu. Lidz ar to 14. posms $aja gadjjuma varetu
atkrist. P&dgjais tehnologiskais posms ir gatavo platnu transportéSana uz
noliktavu, no turienes — uz realizé$anas vietam.
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SECINAJUMI

Promocijas darba ietvaros baltalk$na koksnes apstradei izmantota

tvaika spradziena (TS) metode. Saja procesd, piesatinatam tvaikam
iedarbojoties uz koksni, notiek autohidrolize, ka rezultata atdalas galvenie
koksnes komponenti; bet dekompresijas bridi notiek TS un koksnes Stinas
atdalas mehaniski. TS procesa modificetie koksnes komponenti lignins un
hemicelulozes parklaj sagrauto §inu virsmas. ST paradiba rada passaisto$os
efektu un ir galvena TS apstrades prieksrociba, izgatavojot koksnes dalinu
platnes bez sintétiskam saistvielam.

Pamatojoties uz veiktajiem petijumiem, saskana ar promocijas darba

mérki un izvirzitiem uzdevumiem var secinat sekojoso:

1.

baltalksna koksni apstradajot TS, komponentu lignina un celulozes
saturs nemainas, bet hemicelulozu saturs samazinas neatgriezeniski
atkariba no barguma faktora, parvérSoties gaisto$os savienojumos;
baltalk§na koksnes tilpumblivums péc TS apstrades samazinas
1.2...1.7 reizes atkariba no izejmateriala frakcijas (skaidas vai
Skeldas) un TS apstrades laika (1...10 min pie T > 200 °C);
péc TS apstrades baltalkSna koksnes termiska izturiba samazinas,
kas, savukart, kluva par priekSrocibu pres€jot platnes pie
pazeminatam temperatiiram (T 150...170 °C);
pateicoties lignina parklajumam uz koksnes dalinu virsmam péc
TSA, iegiitajiem platnu paraugiem piemit augsta formas stabilitate;
platpu blivumam pieaugot, ipasibas parsvara batiski uzlabojas,
iznemot mitrumu, kas paaugstinas un uzbrieSanu biezuma, kas
butiski neatskiras;
sakara ar TSA materialu augsto tilpumblivumu, vid&a blivuma
platpu (VBP, p 475..800 kg m™) iegiifanai nepieciesams relativi
zems spiediens (p 0.1...0.5 MPa), kas ietekm& platnpu zemo lieces
izturibu (< 8 N mm™);
VBP paraugi apmierina vairakas attiecigo EN standartu prasibas, kas
nosaka tadas platnu ipasibas ka mitrums, uzbrieSana biezuma un
stiepes izturiba perpendikulari platnes plaknei; turpretim lieces
izturiba ir parak zema un neatbilst attiecigajam normam,
augsta blivuma platpu paraugi (ABP, p 1240..1415 kg m™) péc
noteiktam 1pasibam atbilst sekojoSiem standartizéto platnu tipiem,
kas paredz konkr&tu izmantoSanu:
e augsta blivuma kokskiedru platnes vispargjai lietoSanai sausos
apstaklos (LVS EN 622-2, HB, 2004);
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o kokskiedru platnes vispargjai lietoSanai mitros apstaklos (LVS
EN 622-5, MDF.H, 2010);

o kokskaidu platnes izmantoSanai mitros apstaklos ar noslogojumu
(LVS EN 312, P5, 2011).

Pamatojoties uz iegiitajiem rezultatiem un izdaritiem secinajumiem,
var apgalvot, ka promocijas darba meérkis ir sasniegts un izvirzita
hipotéze — baltalk$na koksnes izejmaterialu apstradajot TS, iesp&jams iegiit
kvalitativu jaunu platnu veida materialu bez sintétiskam saistvielam — ir
apstiprinajusies.

REKOMENDACIJAS

1. IevieSot paSsaistoSo materialu iegisanu no baltalkSpa koksnes ar
tvaika spradziena papn€mienu, ieteicams izmantot S$adus
tehnologiskos parametrus: izejmateriala mitrums W 10...15 %,
apstrades temperatiira un laiks reaktora attiecigi T 235 °C, 7 1 min.

2. Specifiskai apstradajama materiala frakciongSanai TS procesa var
izmantot vairakus uztvérgjus, katra nakamaja tvertn iegiistot
~10 % vairak smalkumu frakcijas (< 0.2 mm).

3. levieSot augsta blivuma passaistoSo dalinu platnpu no baltalksna
koksnes riipniecisku razoSanu vai ari turpinot iesaktos pétfjumus,
ieteicams preséSanu veikt pie $adiem tehnologiskiem parametriem:
T 160 °C, Wy 5...8 %, maksimalais spiediens Pray 3...8 MPa. Ipasi
janem véra platnu preséSanas procesa beigu temperatiira, kura
nedrikst biit augstaka par 80 °C.
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GENERAL DESCRIPTION OF THE STUDY

Topicality of the subject

Production of wood composite materials makes an important share in
wood industry, GDP and export of the EU. Fibreboards comprise 25 % of all
wood board materials produced in Europe, particleboards — up to 60 %. As a
response to demand the fibreboard mill in Latvia has been reconstructed in
2007.

The present technologies of wood composites are well known
making use of synthetic adhesives obtained from growing expensive fossil
resources and causing health problems. The share of the price of the
approximately 10 % of synthetic adhesives in wood composites makes 50%
of the total costs of production and increases with the price of the resource.

The study is focused on obtaining composite boards from wood after
pre-treatment by steam explosion auto-hydrolysis (SEA) without the use of
synthetic adhesives. Wood chips or the like are exposed for some minutes to
saturated steam under high-pressure in a closed reactor after which time, by
opening the reactor, being decompressed they are instantly ejected — steam-
exploded (SE) from the reactor and turned into something like pulp (SE
wood mass or SE material). The matrix of main components is partly
decomposed into separate fibres lignin and hemicelluloses covering the
particle surfaces of the SE mass.

Different from chemically processed wood pulp the SE material does
not contain sulphur and lignin has a high chemical reactivity. Further the SE
mass is hot-pressed to obtain the wood composite without synthetic
adhesives. Such materials are called self-binding or binder-less composites —
lignin and hemicelluloses — components of the SE mass act as bonding
agents instead of synthetic adhesives during hot-pressing. Therefore, the
self-binding composites are environmentally friendly products resolving the
utilisation problem at a competitive price.

Another significant factor in board production is the option of raw
material. Softwoods of the rotation period of at least 70 years are the usual
choice. In the study grey alder (Alnus incana L. Moench), a fast-growing
reaching the mean annual increment maximum around the age of 20 years,
is used as the raw material by which the potential use of grey alder wood for
production of self-binding boards would be examined.

The Thesis is aimed at investigation of the technological parameters
and properties of the self-binding boards obtained from grey alder wood
particles after pre-treatment by steam explosion.
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Tasks of the Thesis include

1. Clarifying the impact of steam explosion pre-treatment on the grey
alder raw material.

2. Elaboration of the technological process for production of boards
from grey alder raw material pre-treated by steam explosion.

3. Examining physical mechanical properties of the obtained board
samples.

4. Determining correlations between the studied properties and
technological parameters of the board samples.

5. Comparing the properties of the obtained self-binding boards with
the features of the standardised fibreboards and particleboards
manufactured in the EU; assessment of possible applications of the
self-binding boards depending on the explored features.

Materials and methods

A laboratory-scale periodic steam-explosion unit (LSIWC) and a
semi-industrial JOOS single pressing machine (IRDFWP) were used to
accomplish the experimental tasks.

The selected wood material was characterised before and after SEA
by use of a Vega TS 5136 scanning electron microscope (SEM), a Lorentzen
& Wettre “Fibre Tester” digital analyser of fibre dimensions, a METLER
TOLEDO DSC and a TGA/SDTA analysers of thermal properties (LSIWC).

Chemical components of the SE material were separated by the
method used in the Laboratory of Biomass Eco-efficient Conversion of the
LSIWC: first extracting the water-soluble components of the SE material in
water solution (1:4), then — components in the residual soluble in 0.4 %
alkali solution (1:4), and finally precipitating the lignin components by
neutralising the alkali solution with 34 % of hydrochloric acid (100:1).

Mechanical properties of the hot-pressed board samples were studied
on a ZWICK/Z100 universal machine for testing the strength of materials
(IRDFWP). The properties of the board samples were determined in
accordance to the EN standards: EN-323:2000 (density), EN-322:1993
(moisture content), EN-317:2000 (swelling in thickness after immersion in
water for 24 h), EN-310:2001 (modulus of elasticity and bending strength),
EN-319:2000 (tensile strength perpendicular to the board plane), and EN-
1087-1:2002 (resistance to moisture).

MS Excel and SPSS software has been used for processing the
obtained data.
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Proposed hypothesis
A qualitatively novel self-binding board material without synthetic

adhesives can be obtained from grey alder wood by SEA pre-treatment.

s =

Scientific novelty

The extended research results of SE grey alder wood include mass
recovery, content of main components, fibre dimensions, bulk
density, and thermal properties.

The study is the first in Latvia related to development of self-binding
boards from SE grey alder wood particles.

Physical mechanical properties of self-binding boards from SE grey
alder wood particles being determined.

Relationships of impact factors affecting the properties of obtained
self-binding board samples.

Practical significance

Based on the results of the Thesis a Latvian State Patent No. 14119 B
“The device for obtaining fibred semi-products” is submitted and
accepted.

A self-binding material for making boards without synthetic
adhesives is obtained by means of the SEA technology.

The obtained self-binding boards meet the requirements of EN
standards for all categories of load-bearing boards for general
purpose use in dry and humid conditions.

The research results are published in international journals and
available for further development of self-binding wood composites.

The structure of the Thesis

Wood particle composites.

Materials and Methods.

Results.

Suggestions for Usage of the Studied Self-binding Boards.
Conclusions.

Recommendations.

The 126 pages of text include 56 figures, 15 tables, 53 formulas, the

list of 9 published papers, and the list of references to 152 sources.
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MATERIALS AND METHODS
Characterisation and pre-treatment of raw material

The raw material of grey alder wood species used in the study has
been grown on a long-term maintenance sample plot in “Skrunda” forestry
(south-west of Latvia). The chips of grey alder round-wood cut by a “Bruks”
(Sweden) chipper and screened through a 20 mm mesh were selected to be
without bark, knots, and rot.

A part of the prepared chips was farther processed by a “Retsch”
crusher to particle size < 2 mm to obtain a 0.4..2 mm fraction after
screening out the fines.

The chips and particles containing ~10 % moisture are treated by
saturated steam at temperatures up to 235 °C and pressure (p) up to 3.2 MPa
in the reactor of the SE unit (Fig. 1). The prepared raw material (chips and
particles) being loaded and the reactor closed to let in the generated steam,
the pre-set pressure is reached within 15 s the treatment time (7) being
counted from the instant the required pressure is reached. Upon elapse of the
due time reactor is opened, the processed material decompressed and ejected
into receiver (Fig. 1).

Basically, as shown in Fig. 1, a single receiver is used. However, part
of experiments is made with series of two receivers the Latvian Patent No.
14119 B of which was submitted.

During the SEA components of wood or the like are hydrolysed due
to high temperature and pressure (T 160...250 °C, p 2...4 MPa) under which
conditions acid groups separated from hemicelluloses (pentosans) form acid
catalysts. As a result, hemicelluloses and amorphous regions of cellulose are
hydrolysed and lignin destructed. Abrupt decompression of the mass halts
the chemical reactions of hydrolysis and tears apart the fibrous matter. By
SEA treatment the chemical, molecular and ultra-structure of wood or the
like is divided into separate phases of the main polymeric components.

The level of the SEA pre-treatment is characterised by severity factor
Ro (expression 1) combining temperature T and time z. The same severity
factor Ry characterising the quality of the SE material can be achieved at
various pre-treatment parameters T and 7 Therefore, maintaining the
temperature constant and equal to 235 °C while changing the time of
processing to be 7— 0.5, 1, 2, and 3 min the values of the factor of severity
logRy are equal to 3.67 (SE05), 3.97 (SEl), 4.28 (SE2), and 4.45 (SE3),
respectively. For comparison of samples with the same severity factor
additional combination of parameters was selected — T 200 °C,z 10 min,
logRo 3.94 (SE10).
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Materials before and after the SEA treatment were characterised by
moisture content and bulk density determined according to the CEN/TS
standards (14774-2:2010, 15103:2005) as well as fractionated in the column
of meshes 2 — 1 - 0.8 — 0.63 — 0.4 — 0.2 mm and analysed with the methods
mentioned above.

Obtaining the self-binding boards

Producing of self-binding board samples consists of three main
processes: 1) pre-treatment of the raw material by SEA; 2) drying and
homogenising of the SE material; 3) hot-pressing and cooling.

The SE materials as SE chips and SE particles were dried to moisture
content W 5..20 % at room conditions. Part of the SE materials is
homogenised by crushing (see above). Six fractions of SE materials were
prepared to press the board samples:

o SE chips — (5...20 mm) chips after SEA;

e SE particles — (0.4...2 mm) particles after SEA;

e SE chips <2 mm — (5...20 mm) chips homogenised after SEA;

e SE chips <2 mm (w) — (5...20 mm) chips homogenised after SEA
and water extraction;

e SE particles 1...2 mm — SE particles after screening through 2 and

1 mm mesh;

e SE particles < 0.4 mm — SE particles after screening through

0.4 mm mesh.

The pressed board samples fall into two categories of density (p):
medium density boards (MDB, p < 800 kg m™) and high density boards
(HDB, p > 1200 kg m™). 38 populations of board samples (17 MDB and
21 HDB) of different parameter combinations were made: severity factor Ry
of SEA, fraction and it moisture content (Wp 5...20 %) of the SE material,
pressing temperature (T, 150...190 °C) and pressure (p 0.1...8 MPa). The
pressing time depends on the pressing diagram: for MDB samples —
16...23 min; for HDB samples — 16...70 min (Fig. 2). Each pressing diagram
includes hot-pressing time (7 6...10 min) and time (7 10...60 min) of cooling
down to T <80 °C.

After pressing the board samples were conditioned (T 20+2 °C,
H 65+5 %) before being cut to the size required by the relevant standards for
testing specimens (see above). In average each property is repeated in 8
specimens of the sampled population.

The coherences between impact factors and properties of the
obtained self-binding boards are assessed by correlation, regression and
covariation analyses. Hypothetic correlations between the factors are tested
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with statistical probability P = 95 %. Influence of the factors and
comparison of sample means are tested by one-way ANOVA analysis and
t - test at confidence level a = 0.05.

RESULTS

Characterization of steam exploded materials

After the SEA treatment the exploded material has a dark brownish
colour, contains a lot of soft fibre bundles of moisture content ~ 60 % and
resembles humus. After drying in air the bundles of fibre become hard and
look like pieces of clay — a characteristic of self-adhesion.

A part of hemicelluloses during the treatment is converted by
hydrolysis into volatile products resulting in some loss of mass of the SE
material with respect to the oven-dry (0.d.) mass of the raw material. The
amount of the lost mass (My,ss) depends on the severity factor logR, of SEA
that, according to the linear model (2), explains 86.4 % of the total mass
loss: increasing the logRy value by 1 unit the amount of the lost mass
increases in average by 20 %.

There are no significant differences detected in mass loss between
the samples pre-treated at different SEA conditions of the same severity
factor. However, a significant decrease (from 12 to 6 %) of the loss of mass
has been detected at increasing the moisture content of the raw material
from 6 to 12 %.

The content of chemical components of the SE material shows a
decrease of hemicelluloses with increasing R, as mentioned above the
content of lignin and cellulose being dependent on the method of isolation.
Residual hemicelluloses detected as water-soluble products comprise
4...18 % of the o0.d. mass of the raw material.

The content of cellulose detected as a solid residual after separate
extractions with water and alkali solution comprises 47...54 %. The
cellulose content of untreated grey alder wood is known to be 45 %. It
means that the 54 % proportion of the SE1 residue detected as cellulose
contains also lignin that has not been removed by alkali solution.

The recovered lignin varies within 15...22 % of the o.d. raw material
mass. The lignin content of untreated grey alder wood is known to be 23 %.
A part of lignin after SE1 should have been solved in water making the final
recovery of lignin as low as 15 % detected by the selected isolation method.
However, the lignin content isolated from the SE2 material being 22 %
makes up to 95 % of the lignin content of untreated grey alder wood. This
way of lignin recovery shows a significant advantage of the SEA

38



technology.

Observing the SEM image of the raw material (Fig. 3 a) reveals
mechanically destructed wood structure of parallel fibres and vessels.
Samples of the steam-exploded mass show significantly changed patterns of
damaged fibre complexes and surfaces of particles covered by a caramel-
like film (Fig. 3, b and c).

After extractions by water and alkali solution the caramel-like
coatings of the SE material with disappear exposing a micro-fibril structure
on the cleared surfaces (Fig. 3 d). The observations confirm that the
caramel-like film presents modified products of lignin and hemicelluloses
acting as adhesives during hot-pressing.

The screening of SE materials in the meshes column shows the
level of destruction of the raw material. SE chips contain 73 % of the
fraction remaining on a 2 mm mesh showing a low level of destruction. The
same fraction of SE particles comprises 23 % showing the self-adhesive
behaviour of the SE material. The ground SE material contains only 10 % of
the fraction < 0.2 mm that significant differs from fibrous material
processed by industrial grinders containing up to 80 % of the fraction.

The fibre analysis of SE materials shows that length of fibres of SE
chips varies within the 0.83...1.18 mm range depending on the screening
fraction and is not significantly exceed that of the SE particles while the
fibres of the SE particles are not significantly wider (0.031...0.048 mm) than
fibres of the SE chips. The fibre width decreases after extraction with water
and alkali solution confirming that lignin coating the fibre surface after SEA
makes the fibre wider.

Analysis of fibre size distribution of samples from the two receivers
shows that content of fines (< 0.2 mm in length) is significantly higher (by
10 %) in samples from the second receiver confirming fractioning of the SE
material by particle size in the series of receivers the smaller particles
concentrating at the farther end.

The length to width ratio of fibres characterizes the technological
quality of the fibrous material. The ratio in case of raw broadleaves is
known to fall within the 36...51 range, in case of industrial ground mass
containing 70 % softwood — 37...92. The length to width ratio of grey alder
SE fibres is 12...30 depending on the widening caused by lignin coating
mentioned above. Thus, the detected ratio shows a significant influence of
SEA on the specific shape of grey alder fibres.

The bulk density of chips and particles (156 and 189 kg m™)
decreases 1.2...1.7 times after the SEA (to 93...150 kg m™) depending on the
type of material (chips or particles) and conditions of SEA. However, the
bulk density of ground industrial pulp is at least 3 times lower compared
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with the SE material, which means that SEA technology is not effective if
low bulk density is preferred for fibreboards.

Bulk density of SE materials slightly decreases with decreasing the
screening mesh (2 — 1 — 0.4 mm) — the smaller the particles, the lower the
bulk density. This is in agreement with coarseness of SE fibre samples from
two receivers: a lower coarseness (384 pug m™) is detected in the sample of
the second receiver where content of fines is higher.

The thermo-gravimetric (TG) analysis of the material shows loss
of mass at increasing temperature T. Particles before and after SEA start
losing mass at about T 200 °C and 140 °C, respectively. This means that
thermal strength of the SE material is lower compared with the raw material.
However, both the materials appear to have lost 25 % mass at T 300 °C (Fig.
4, curves 1 and 2).

Thermal mass loss of lignin isolated from the SE material starts at
T 140 °C as for SE particles and is 16...18 % at T 300 °C depending on
severity factor Ry. Results of TG show that lignin isolated from SE particles
resists thermal breakdown up to T 1000 °C (Fig. 4, curve 3).

The differential scanning calorimetric (DSC) analysis detecting
heat capacity of a material as a function of temperature reveals transitions
displayed as specific features of the DSC curve. The temperature of
softening of lignin called the glass transition temperature (Tg, °C) in samples
isolated from SE1, SE2, and SE3 materials is found 130, 150 and 155 °C,
respectively. This means that depending on the severity factor of SEA the
self-binding materials of grey alder wood particles should be hot-pressed at
temperatures higher than the detected Ty to activate lignin as the adhesive
component.

Physical-mechanical properties of self-binding boards

Density p of the obtained medium density boards (MDB) varies
within 475...930 kg m” and of high density boards (HDB) — within
1242...1415 kg m™. Pressing temperature Tors pressure p, and time 7 by the
evaluated linear model (3) significantly explain (R*=87.3) the variation of
density of all the obtained boards. The coefficients of model (3) indicate that
increasing T, by 1 °C, p decreases in average by 5.9 kg m’; increasing p by
1 MPa increases p in average by 80 kg m™; increasing 7 by 1 min, increases
pin average by 2.5 kg m™.

According to linear model (4), bulk density of the SE material
D (kg m™), pressure p (MPa) and temperature Tor (°C) at pressing, and board
thickness s (mm) significantly (R =84.5) explain the variation of HDB
density. The coefficients of model (4) indicate that increasing D and p by 1
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unit increases the density of HDB p in average by 0.9 and 14.3 kg m”,
respectively; increasing T, and S by 1 unit decreases the density of HDB p
in average by 1.1 and 29.1 kg m™, respectively.

The moisture content of the boards (W) varies within 4.0...10.3 %
depending on fraction of the raw material, bulk density D and moisture
content of the material to be pressed W, pressure p, and board densityp.

The average Wy of MDB is 5.2 % and 8 % of HDB. The reason of
such results is specific behaviour of moisture during hot-pressing. The
moisture content of pressing material Wy, evaporates completely at pressing
MDBs and partially — at pressing HDBs. If the amount of moisture absorbed
by pressed boards from air does not depend on board density and is about
the same in both cases, the total amount finally accumulated in HDB should
be higher by the residual moisture not evaporated at pressing.

As seen from Fig. 5 (a), Wy, significantly decreases with increasing p.
The covariation analysis confirms a significant difference in the decrease of
W, between MDB (1.3 %) and HDB (0.4 %) at increasing the pressure by 1
MPa. As seen in Fig. 5 (a), the samples pressed from raw chips have higher
values of W,. However, as confirmed by analysis of variance, the
differences are not significant.

As shown in Fig. 5 (b), the moisture content of boards W, increases
with the increase of moisture content of the material being pressed. In the
case of MDB the correlation is not significant. In the case of HDB the linear
model significantly explains the changes of W, dependent on variation of
W, increasing W, by 1 % increases the Wy by 0.4 %.

Regression analysis confirms a significant influence of bulk density
D of the pressing materials on moisture content of the boards Wy,. Increasing
D by 1 kg m™ decreases W, by 0.02 % in the case of MDB (see model (5))
and by 0.09 % in the cese of HDB.

The thickness swelling (Gy) of the boards varies 3...19 % depending
on various factors. There are no significant detected differences between
average G values of MDB and HDB. The highest swell is observed in the
MDB sample obtained from water extracted SE material containing no
hemicelluloses. It means that hemicelluloses modified by SEA are necessary
to improve the form stability of self-binding boards.

The variation of G; values depends on the severity factor logR
confirming linear model (6): increasing logR, by 1 unit decreases G in
average by 12 %.

According to linear model (7) the moisture content of pressing
material Wy, and board density p significantly explain the variation of G;
values of MDB samples. The significant coefficients of the model (7)
indicate that increasing W, by 1 % decreases the G; value of MDB in
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average by 0.2 % while increasing p by 1 kg m™, increases the G, value in
average by 0.007 % (see also Fig. 6 a).

The moisture content of pressing material Wy, pressing timer,
temperature Ty, and pressure p significantly explain variation of G; values
of HDB samples. Significant coefficients of linear model (8) indicate that
increasing W, by 1 unit decreases the G, value of HDB in average by 0.7 %
while increasing of 7 by 1 unit increases the G; value in average by 0.03 %.
The correlation shown in Fig. 6 (b) indicates that increasing T, and p by
1 unit, the G; value of HDB increases in average by 0.1 and 0.6 %,
respectively.

Bending strength (f;) of the obtained self-binding boards varies
within 1...53 N mm™ depending on the pressing temperature Tor, on fraction
and moisture content Wy, of the SE material, and board density p.

The f, values of MDB samples vary within 1.8 N mm?, the
maximum values being reached in samples made of SE material fraction
< 0.4 mm at Wy, 12 % and T, 170 °C (p 680...930 kg m)(Fig. 7). Probably
the lower f, values of MDB are influenced by the high bulk density of SE
materials. Related to this, only p 0.2 MPa pressure is necessary to obtain the
board of p 700 kg m™. A low pressure does not provide enough contacts
(bonds) between the particles of the material resulting in low mechanical
performance of the pressed board.

In the case of HDB strong enough bonds between particles of the SE
material are provided at pressure of 2.1...8 MPa — at least ten times higher
than in case of MDB. Therefore, in the case of HDB very high densities are
reached.

As mentioned above, the bulk density of SE material is related to
particle size of the fraction. The f, values of the boards are strongly
dependent on the fraction of the SE material as shown in Fig. 8 representing
mean values of the boards made of the current SE material fraction. As seen,
in both cases of MDB and HDB the f;, values increase with decreasing the
size of the fraction.

The f,, values of HDB samples vary in the range of 14...53 N mm?,
the exceptional maximum value being reached in sample made of the
fraction < 2 mm of SE chips at W, 8 %, p 8 MPa and T, 160 °C (Fig. 7,
sample 36). Increasing the Ty, 160...190 °C the f, values of HDB samples
significantly decrease (Fig. 7, samples 38, 26, 27, 20, and 21) showing the
SE material being degraded at Ty 180...190 °C, as confirmed by the TG
analysis.

In accordance with linear model (9), board density p significantly
explains 84.7 % of the variation of f,, values (R*=84.7) and indicates that
increasing p by 1 kg m™ the f,, value increases in average by 0.04 N mm™.
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The modulus of elasticity at bending (E,) varies in the range of
76...7256 N mm™ depending on the same factors as the bending strength.
Despite the wide range of the variation of results, the pressure p
significantly explains 76 % of Ey, variation by linear model (10) indicating
that at increasing p by 1 MPa the E, value increases in average by
632.4 N mm™.

Different from bending strength the higher E., values of HDB are
reached in samples made of SE particles (Fig. 9 a) of moisture content
Woyr 5 % (Fig. 9 b). However, the values of Ej of the boards made of SE
chips of Wy, 8 % are also high enough. The lower E;, values of HDB are
caused by high pressing temperature (T, 190 °C) and moisture (W 12 %).

As seen from Fig. 9 (b), there is no strict relationship between the E,
and p values of the boards. However, the second-order polynomial model
explaining only 2 % more than the linear model (11) indicates that as p
increases by 1 kg m™ the value of E, increases in average by 6.74 N mm™.

The tensile strength perpendicular to surface of the board (f;,)

(internal bond) varies within 0.03..2.0 N mm™ depending on pressure p,
time 7, and raw material fraction (Fig. 10) in accord with the linear model
(12). As seen from Fig.10, there is a significant dependence of factor 7 on
the raw material. Therefore, model (12) is devided into expressions (12 a)
and (12 b) differing by the weight ascribed to factor 7 to fit the cases of
chips and particles meaning that significantly higher f;, values are reached

in samples made of SE particles.
It should be noted that pressing time-cycles in this case follow the
particular pressing diagram for HDB samples. The higher f;, values of HDB

are reached in samples pressed by the first diagram (Fig. 2, HDB1) at the
total pressing time of 70 min including cooling of the samples. The HDBI1
diagram also differs by pressing method — pressing the samples in semi-
closed frame most probably has provided superior bonding between
particles of the SE material. However, the long pressing time is a
disadvantage of the method.

Possible uses of the developed boards

The developed self-binding boards significantly differ from industrial
boards by not containing synthetic adhesives. Therefore, they are a new kind
of board products similar to industrial fibreboards and particleboards by
structure.

In accordance to task 5 of the Thesis the developed board samples
are compared to selected standardised board types by evaluating 5 percentile
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of the determined properties. Selected standardised board types represent:
e wet process medium density fibreboard for general purpose use in
dry conditions (EN 622-3 MBH, 2004);
e wet process high density fibreboards for general purpose use in dry
and humid conditions (EN 622-2 HB and HB.H, 2004);
e dry process fibreboard for load-bearing use in dry conditions (EN
622-5 MD.LA, 2010);
e dry process fibreboard for general purpose use in humid conditions
(EN 622-5 MDEF .H, 2010);
e load-bearing particleboard for use in humid conditions (EN 312 P5).
The properties of the obtained self-binding MDB samples do not
satisfy requirements for the selected standardised MBH board type because
of too low bending performance as seen in Table 1 (in the table are given
values of the best MDB samples).
In Table 2 are shown evaluated properties of the best self-binding
HDB samples satisfying requirements for the selected standardised board
types by which the developed HDB samples are shown to be usable as the
current board type.
To assess moisture resistance of the developed board samples the
internal bond (f;,) is tested after boiling according to EN 1087-1, 2002. The

moisture resistance also tested for industrial fibreboard as control sample
(p 846+0.003 kg m™, s 6 mm) labelled as moisture resistant type of board
acquired from ATTELS R Ltd. in Riga.

The best mean value (f;, ) results of moisture resistance tests (samples

32, 37, and 38) and the evaluated 5 percentile values (f, s) are given in

Table 3. The control sample in Table 3 represents results of the commercial
industrial fibreboard type while requirements of the selected standards are
presented in the last 3 rows.

As seen from Table 3, no one of the developed board samples
satisfies the requirement for standardised HB.H board type. Two board
samples (32 and 38) satisfy the moisture resistance requirements of the
standardised MDF.H board type and P5 indicating the possible use of the
developed self-binding boards under humid conditions.

The industrial board control sample shows unexpectedly low
moisture resistance that does not satisfy any one of the selected
requirements (Table 3). However, it shows that moisture resistance of the
obtained self-binding board samples is appropriate to meet the standards.

Potential field of use of the SE materials could be expanded by
studying other properties such as thermal conductivity, fire resistance,
dielectric permeability, electric conductance, hardness, resistance to
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abrasion, etc. Responding to demand the SE materials could be utilised to
make extruded products nowadays being produced of crushed wood and
synthetic polymers.

Potential production scheme of the developed boards

There are 3 of the developed board samples the properties of which
satisfy requirements of the selected board types (Tables 2 and 3, samples 32,
36, and 38). Since the board samples are obtained at different conditions, a
potential production scheme could include 15 sections with 3 hot-pressing
lines as shown in Fig. 11.

Sections 1 to 5 are typical in production of fibreboards and
particleboards. Sorting of the raw material (section 2 in Fig. 11) is included
because of possible use of various kinds of raw material such as logs,
thinnings and residues from sawmills as chips, particles, etc.

Drying of chips to 10...15 % moisture (see section 6 in Fig. 11) is
necessary for economical SE processing. As shown by techno-economic
studies of SE pulping, the costs of SE material are closely related to the
process volume. Therefore, the cost-effective production of self-binding
boards may be from 25000 t per year (18000 m™ or 300000 m™ of 6 mm
thick boards). For example, the capacity of OSB at Bolderaja Ltd is
350000 m™ per year. The question is about the demand of the boards.

The question about homogenising the SE material is open. It might
be implemented by refiner used at MDF or paper plants. However, the
refiner works in steam environment that may have a negative impact on the
SE material since water extraction, as detected in the study, decreases the
self-binding board properties.

Typical MDF aggregates may be of use at formation and pre-pressing
of the mat (see sections 10 and 11 in Fig. 11). Hot-pressing may be
organised at separate multistage presses of constant parameters being set up
(see section 12. in Fig. 11) as well as at one multistage press and
periodically changing regimes. The hot-press must include a cooling system
that is necessary for curing of the self-binding board.

The next sections of the potential self-binding board production are
typical in production of industrial MDF or particleboards (see sections 13
and 14 in Fig. 11). Conditioning necessary for relaxing inner stresses of the
board is not clear. The cooling after hot-pressing of the pressing board
possibly eliminates the stresses. More studies related to the question are
needed. The last section of the board production line is transporting to the
storage and retail sites.
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CONCLUSIONS

Within the study the method of steam explosion auto-hydrolysis

(SEA) is used for pre-treatment of grey alder wood. Wood components —
lignin and hemicelluloses modified by the process cover the surface of
particles (fibres) making the stem-exploded fibrous material self-adhesive
and being the main advantage of SEA in production of the self-binding
particleboards.

According to the proposed aim and tasks of the study on basis of the

obtained results the following conclusions are made:

1.

by processing of grey alder wood chips by SEA content of the wood
components — lignin and cellulose is not changed; the content of
hemicelluloses converted into volatile components depending on the
severity factor decreases;

bulk density of grey alder wood decreases 1.2...1.7 times after SEA
depending on fraction of the raw material (chips or particles) and
treatment time (1...10 min at T > 200 °C);

the decrease of thermal resistance of the grey alder wood after SEA
is the advantage allowing to press the boards at lower temperatures
(T 150...170 °C);

the obtained self-binding boards have a high form stability due to
lignin and hemicelluloses covering the surface of steam-exploded
wood particles;

with increasing density of the self-binding boards the detected
properties in general improve except for increase of moisture content
and thickness swelling (insignificant though);

related to high bulk density of the SE materials the low pressure
(p 0.1...0.5 MPa) necessary for obtaining medium density boards
(MDB p 475...800 kg m™) causes low bending performance;

the obtained MDB samples satisfy various requirements of
appropriate EN standards that define such properties as moisture
content, thickness swelling, and internal bonding; however, because
of low bending performance the self-binding MDB do not comply
with EN standards;

. the obtained high density self-binding board samples (HDB

p1240...1415 kg m”) meet the requirements of following EN

standardised board types that define current utilisation:

e wet process high density fibreboards for general purpose use in
dry conditions (EN 622-2 HB, 2004);

e dry process fibreboard for general purpose use in humid
conditions (EN 622-5 MDF.H, 2010);
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e load-bearing particleboard for use in humid conditions (EN 312
PS5, 2011).

Results of the study confirm that the aim of Thesis is achieved, and
the conclusions confirm that the proposed hypothesis — a qualitatively
novel self-binding board material without synthetic adhesives can be
obtained from grey alder wood by SEA pre-treatment — is not rejected.

RECOMMENDATIONS

1. At introducing pre-treatment of grey alder wood by steam explosion
auto-hydrolysis it is recommended to use the following technological
parameters: moisture content of raw material W 10...15 %, pre-
treatment temperature and time T 235 °C and 7 1 min, respectively.

2. For specific fractionation of the pre-treated material during steam
explosion series of receivers may be used to concentrate fines
(particles of size less than 0.2 mm) in each consecutive receiver.

3. Introducing industrial production of high density self-binding boards
of grey alder wood or continuing the studies the recommended
pressing conditions are: moisture content of SE material W 5...8 %,
T 160 °C, maximum pressure p 3...8 MPa. The final temperature at
board pressing must be less than 80 °C.
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