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Abstract: By using lignin extracted from steam-exploded wood
as adhesive in plywood and hot-pressed fibreboards substitute
phenol-formaldehyde resins is reported. Mixtures ofcommercial
phenol-formaldehyde resins containing 10 % lignin i weight
tested as plywood binders under conditions of factg production
show satisfactory cohesion. Properties of sample éals
containing different amount of lignin adhesive arecompared
between themselves and with the EU standards forbiieboards.
A strong correlation of density and form stability under humid
conditions with the lignin content is found. Resul of testing
mechanical properties of the boards suggest thatfett of lignin
on mechanical strength depends on the size of parteés and hot-
pressing temperature. Steam explosion and hot-press
technologies tested in the study are shown to haymtential of
utilizing low-quality wood and waste from forest industry to
make value-added products. The estimates based onsanple
model of energy flows show the energy required byteam
explosion pre-treatment of biomass being within 106 of the heat
content of biomass.
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| INTRODUCTION

Natural wood is a complex and multifunctional corsip®
material used by humans for a vast variety of the&ds from

adhesives by using aromatics from renewables ablesta
pricing of feedstock carbon lately are raising theerest in
cheap self-binding (self-adhesive) wood composites.

Since the lignocellulosic material, under the ctinds of
steam-explosion (SE), can provide “self-sufficientiemical
and physical transformation, both the processegdrdhysis
and defibrilization - can be achieved just by theofs”
inherent in the system itself, without any addiibreagents
(except steam).

An attempt to use lignin extracted from wood biomafter
SE auto-hydrolysis as adhesive in plywood and tleenass
itself in self-binding boards is reported payingeation to
economic and energy costs of the adhesive obtafred
biomass after SE pre-treatment. Results of mechhmind
form-stability tests are discussed with regardndustrial EU
standards for hardboards. The research was perdorime
cooperation of JSC “Latvijas Finieris”. Modellinge SE is
represented by a preliminary analysis of energydlo

Il EXPERIMENTAL

Birch (Betulg wood was used as chips for obtaining SE
lignin for plywood adhesive supplement and as vesbeets
for preparing plywood. Grey alderAlous incana (L.)
Moench) wood chips were used for obtaining selfibig

the source of energy to the stuff for arts compmetinpoard samples. Air-dried chips of row materials aver

successfully with other substances and modern stingh
During millennia humans have learned to improve iodlify
the natural properties of wood for special needsspgcial
treatment and selection [1]. Plywood and a varadtpressed
boards are well-known composite materials widelgdusn
building constructions and furniture. Developedhteaogies
allow to utilize low-quality wood and waste fronvgaills to
make useful products.

Phenols presently are mainly derived from petrodbais —
benzene and propylene, the source of industrialbedu
adhesives. For that reason the costs of these chlsmi
strongly depend on the price of oil. As the oilces increase
dramatically, the costs of wood composites riserditically
too since the prices of phenol-based adhesive gesirrelate
directly with the oil market prices. Another majadhesive
component — formaldehyde produced from natural-gd&ss
been classified as human carcinogen by the Inferralt

submitted to SE treatment at 235 temperature and 3.2 MPa
pressure at 0.5 | batch reactor for 1, 2 and 3 tegu

For obtaining the lignin following steps were doriehe
soluble parts were removed by adding water. Ligwias
extracted from the residual by solving it in 0.4s@ution of
NaOH where from it was precipitated by adding hythtoric
acid to neutralise the solution. Precipitated maas rinsed in
water to remove the remnant of sodium chloride igefo
filtration. After drying in air the filtrate turnsnto powder
presented as SE lignin used as the binder in theressed
sample boards [3] or plywood adhesive supplement.

SE mass materials were studied by following instrotal
methods. An L&W Fibre Tester analyser was used to
determine such fibre parameterdersgth width, shape factor
(the ratio of projected to actual lengtibparsenesgmass per
unit length), and ratio dfnes(fibres less than 0,2 mm), of the
SE wood fibre mass and extracted cellulose. A Meftbledo

Agency for Research on Cancer in 2004 [2]. EconomigGa/SDTA851 thermal gravimeter and a Mettler Toledo
considerations suggesting to reduce the costs obdwopscg22 differential scanning calorimeter were ugedetect
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thermal effects, loss of mass and glass transtéomperature were bonded to hardwood plywood testing block byARV

(Tg) of the extracted lignin samples. The lignin “fereprints”
in hot-pressed board samples were evaluated frdraréa
spectra in range from 450 to 2000 tmecorded by a Perkin

glue and then after conditioning for at least 7&s$ted with
test speed of 3 mm niln

Biomaszs

Elmer “Spectrum One” Furrier transform spectromefgne
Spectrum 5.0.1 (Perkin Elmer Instruments LLC) safsvwas
used for correction of the base line and normatinadf the
spectra. All SE lignins have been characterizedahglytical
methods using group content value. The methoxytesuns
determinedby classical Zeisel-Viebdock-Schwappach method
based on quantitative reactions [4]. Content of @@k ups
in lignin samples is calculated from an equivalantount of
iodine determined by titration with BN&0Os;. Phenol and
carboxyl OH groups in lignin extracted from SE mass
determined by conductometric titration on a ,Radiben
Analytical” CDM210 Conductivity Meter the measuring
equipment accessories being provided by MeterLab.

The plywood samples were prepared from three birch
veneer sheets of the size 600 x 900 x 1.5 mm bohged
different kinds of adhesives spread uniformly otrer surface
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Fig. 1. The model of steam explosion evaluation

of a veneer sheet prior to covering it with thetrgheet to be The mod_el (Fig. 1) used to calculate the cost of S.E
treatment in terms of energy [10] showed essential

glued at right angle between the directions of effbrof :

adjacent sheets. Commercial phenol formaldehyden re%??he(eng%rizszfggﬁqener;gcyé:;)endsumptlon on the erengignt
adhesive (P& was taken for two samples (P1). Adhesive for gp '
other two samples (P2) was made of mixture of thg,Fesin
with SE lignin in the proportion of 9:1 of absoliytedry Il RESULTS AND DISCUSSION

masses of the components. Adhesive for one moreleam Particle size statistics was studied with fibregiofdried SE
(P3) was made mixing Rl resin with SE lignin solution in fibre mass (F1), residue of the SE fibre mass afigraction

0.4 % NaOH (25 % lignin and 75 % NaOH) in the dryf the components soluble in water and 0.4 % smiutf

substance weight proportion of 9:1. Amount of adres
consumed was within the range of 165 — 195 %g/ithe
packets of veneer sheets were put under pressueoot 0.1
MPa for 15 — 30 min to flatten the layers befoneding under
higher pressure (1.8 MPa) at 127 t&nperature during 4 min
in “Raute” 4 stage press. The plywood binder adiresias
evaluated at testing machine ZWICK/Z100 on testgseof
the size 25 x 150 mm after 4 hours boiling-20 hewairying-4
hours boiling pre-treatment according to the stashd®].
Modulus of elasticity and bending strength promsrtivere
evaluated at the same testing machine by loadiegtdist
specimen of size 150 x 50 mm at the rate of 1 mmpeute.
The SE non fractioned air-dried grey alder fibresmavith
moisture content of 4-5 % was pressed in a sintgges

NaOH (F2), and ground residue (F3). The obtainedlt are
summarised in Table 1. As seen in the table, therame
length and width of the fibres decreases, but tineunt of
smaller particles increases after further treatmemninsing
with water and solution of NaOH, grinding [3].

Since the average ratio of length to width of undged
fibres in the natural aspen and birch wood are lequa
1.2/0.033 and 1.2/0.024 mm, respectively [11], ldmegth of
fibres after SE is smaller the width being the samseof
natural fibres. Compared with dimensions of indakfiibres
[11] the dominating fibre length is 1 mm in bothsea the
length of industrial fibres reaching 12.8 mm white length
of SE fibres does not exceed 7.5 mm.

The glass transition temperaturg df the alder-wood SE

hydraulic hot press at 170 and 190 temperature and 5 andlignin determined by calorimetric test of the saesplwas

8 MPa pressure during 10 min. The hot-pressed b&mrgples
were left in the press to cool down for more thame dour
while the pressure decreased. After the board smmpkre
cut into various test pieces density, thicknesslliswe[6],

water absorption, modulus of elasticity and benditrgngth
[7], and internal bonding [8] properties were detered and
compared with European standards for hardboardsT[9¢
specimens in size 30 x 30 mm were immersed in dsdn
water for 24 hours, and then thickness and massume for
determining of thickness swelling and water absomt
Mechanical properties of hot-pressed fibreboardpdasnwere
tested by the same universal machine for testingenah
resistance ZWICK/Z100. For the bending strengtlirtgsthe

found to be in the range of 137-157 °C. TheoT air-dry SE
lignin is lower than that of absolutely dry ligngample. The
thermo-gravimetric (TG) analysis showed that themin

treated SE air-dry lignin sample (SE1L) loss of snascurred
earlier at increasing temperature comparing witl fiignin

obtained after 2 min SE treatment (SE2L) differthiatn in the
case of Differential Scanning Test where the gtasssition
temperature Jof the SE2L lignin sample is lower thag df

the SE1L lignin.

Infrared spectra of lignin, extracted from the Std mass
showed that intensity of the IR carbonyl band a@21gm’ is
growing in spectra of the SE lignin samples with thcrease
of duration of SE treatment of the mass from wHighin is

specimens size were 30 x 95 mm; the distance batweextracted.

supports 74 mm and the test speed 1 mm™mkor the
internal bond testing the board specimens in stz& 30 mm
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TABLE 1
DETERMINED FIBRE PARAMETERS OF THE SE FIBRE MASSSRECT RATIO — AVERAGE LENGTH/AVERAGE WIDTH

Sample F1 F2 F3

Number of fibres 14502 20042 20014

Temperature at testing, °C 40.5 40 39.3

Average length, pm 855 799 637

Average width, um 30.9 26.4 29.6

Shape, % 84.8 85.9 86.3

Fines, % 10.2 11.6 29.9

Coarseness, pg/m 339 172 225

Aspect ratio 27.7 30.3 215

TABLE 2
MECHANICAL PROPERTIES OF PLYWOOD SAMPLES
. Shear strength Bending strength, N mn¥ Modulus of gLasticity,
Sample Adhesive N mm? ! N mm
along fibres across fibres along fibreg acrose§ibr

* PFeomm. + hardener >1 23 75 500 10 000
P1 P Romm 18+0.3 302 1637 1284 +86 17 940 + 84Q
P2 PRomm. + SE lignin 19+0.3 32+2 133+23 120070 6 370 + 1340
P3 PRomm.*+ SE lignin:NaOH 1.3+0.2 312 153+ 14 127510 18 200 + 1020

* Requirements of Joint Stock Comparyatvijas Finieris.

Content of OCH groups of SE lignins decreased with Tested results of the self-binding fibreboard sa&®phre
increasing SE treatment time (1, 2, 3 min) andiareange summarised in Table 3. As seen from the Table grgd
from 16 to 15 percent. Total content of both pheanod form stability properties of the self-binding fillimeard samples
carboxyl OH groups of the extracted SE lignin isces with  were achieved. It's due to low porosity of SE fibtbat also
increasing SE treatment time and are in range ffoto 9 had low moisture content — only 4-5 % after dryingthe
percent. open air. The tested mechanical properties of thard

Results of plywood samples tests are presentedhiteT?2. samples increase with increasing density. The jegierties

As seen from the results of testing shear streragtinixture  belong to the board samples pressed at high pee¢8uviPa)
of SE lignin to commercial phenol-formaldehyde mesp to and relatively low temperature (Table 3, row 3}elasting to
10 % does not affect the quality of adhesion. Usiigsodium mention that density of the board sample, presseHigh
hydroxide solvent for better mixing of lignin intbe resin has temperature and at lower pressure, is higher o$itleof the
not improved cohesion, as one may see comparingr sheample pressed at the same temperature and at pigissure.
strength of samples P1 and P3. Adhesion in allstimaples This allows conclude that the fibres already destdoduring
comply with the requirements for products of thinlStock SE and then pressed at the temperature of “I®Oare
Company Latvijas Finieris”. More studies are necessary todestroyed more significant and that the pressiggme should
find conditions for rational use of SE lignin adstitute for not be useful because of low mechanical prope(lieble 3,

PF resins in plywood production. row 5).
TABLE 3
PROPERTIES OF THE SELF-BINDING GREY ALDER FIBREBOBRSAMPLES
Pressing conditions Board samples properties
° p, fin Enm, f‘J_r
T, C P, MPa ) G, % Ga, % ! ’
g cm?® v o’ N mm2 N mm2 N mm?2
170 8 1.34£0.04 8+x1 7+£3 32+5 4701 + 1296 6 00.6
170 5 1.27 £0.04 9+1 10+£3 29+5 4121 + 1237 .8 0.6
190 8 1.24 £0.18 11+1 176 14+5 2573 £1273 0404
190 5 1.30£0.03 10+1 11+£2 16+1 3593 + 332 .9 $60.2

T — average temperature; P — presspirefensity; G— swelling in thickness; G- water absorption;,f- bending strength;.& modulus of
elasticity; f, —internal bond (tensile strength perpendiculahtoplane of the board;— standard deviation
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Fig. 2. Consumption of saturated steam per one kg of tiyecdntent of
biomass as function of the efficiency of energy atssteam explosion
pre-treatment: 1 — 14 % moisture; 2 — 20 % moisture

Comparing the properties with European Standard fr

hardboards [9] it can remark that the board sampli¢ained

at temperature of 17GC and pressure of 8 MPa comply with

the requirements for load-bearing boards for usedin
conditions (type HB.LA). Because of good swellingpgerty
the board samples could be assigned to the typ& MBich
belongs to boards for use in exterior conditiong, dnly one
property — internal bond after boil test — was testted to
confirm it.

In Fig. 2 the necessary amount of steam per 1 kthef
absolutely dry content of biomass is presenteduastion of
efficiency assuming that energy for SE treatmerigiomass is
supplied by condensation of saturated steam atamhpe of
230 °C with account for the mass of steam required
maintain the pressure the latter being calculateom f
assumption that unit mass of chipped biomass friéslynto a
volume of 5 |. The vertical axis on right shows #maount of
biomass to be burnt to produce the required amaint
saturated steam.

The energy content of 1 kg of saturated steam @t°23is
equal to the heat content of about 0.2 kg of ajrflomass.
The y-axis on the right side in Fig. 2 shows thesrgg
equivalent of biomass that needs to be burnt twigeothe
required amount of saturated steam. As seen frgnZXriat 50
% efficiency about 20 % of the available biomass tmbe
burnt to provide the energy necessary for stearmdymtion.

IV CONCLUSIONS

1. The length of fibres after SE treatment is smatleg width
being the same as of natural fibres.

2. The SE lignin functional group analysis correlatesth
conditions of sample treatment.

3. More studies are necessary to find conditions &ional use of
SE lignin as substitute for PF resins in plywooddurction.

4. The obtained grey alder self-binding fibreboard glas from
SE fibres are comparable with commercially obtained
hardboards.

5. At 50 % efficiency the energy necessary to prodtice
calculated amount of steam for treatment of bionmsgjual to
about 20 % of the heat content of air-dry wood.
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Janis Gravitis, Janis Aboling, Raminas Tuptiauskas, Andris Veveris, un Bruno Alksnis. Tvaika sprdziena izdalita lignina izmanto3ana fenola
komponentu aizvietoSanai sag@ksni un passaistoss platnés un tvaika spradziena apstadei nepiecieSars enegijas novert gums.

No tvaika spidziers apstidatas koksnes izd#his lignns izmantots &k fenola-formaldefda sv&u saistvielas aizsjfgjs karsti prestu iedru phtpu
eksperimerios paraugos un razoSanas &gsts @rbaudta sapik$yu saistviela, kas satur 10 % liga piejaukumu §& svara. Noteiktas karsti pis platou

paraugu meiniskas ipa3bas un formas notiloa pret mitrumu atk#iva no ligrina satura un salzinatas ar ES standartu prbam. Konstatta pietiekami laba
adtezija sapiku paraugos un cieSa pegs platnu melaniskas iztubas un formas notilas koredcija ar lignna daudzumu. #baudes rezudti norada uz

lignina ietekmes atkdu no déigu izmeriem un pre&Sanas temper@tas. Darl parbaudtas tvaika sprdziena un kargs pregSanas tehnofgjas paver iesgas

zemas kvalittes koksnes un koksnes atkritumu izmantoSaggigos produktos. Vier#Sota enefijas pismu modé ietvaros veiktie tvaika spiziena
apstadei nepiecie$ans enegijas apekini liecina, ka i pie 230 °C darba tempeiisas neprsniedz 10 % no gaisa sausas koksnes siltejasp
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Snuc I'paButnc, SIluuc A6oasinbm, Pamynac Tymuayckac, Angpuc Besepuc, u Bpyno Ankcuuc. Pe3yabTaTbl 3amMeHbl ()eéHOJbHBIX KOMIOHEHT
(hopmasibIerHAHBIX CMOJI TUTHHHOM, BbI/IEJICHHBIM U3 JIPeBeCHHBI M0CJIe TAPOBOT0 B3PbIBA, U OIIEHKA 3aTPAT SHEPIUN.

JIUrHUH BBIIENCHHBIA U3 JPEBECHHBI MOCNEC MTAPOBOTO B3PhIBA HCIIOIB30BAaH B KAUECTBE KIICAIIETO BEIIECTBA B SKCIECPUMEHTAIBHBIX 00pa3lax BOJOKHHCTBIX
IUTMT ¥ JI00aBKH K KOMMEpYECKHM (eHON-(hopMalbICTHAHBIM CMONIaM, YOTpeOsieMbIM JUls ckiienBanus (auep. IIpumeck BecoBbix 10 % nuranHa x ¢enon-
(hopManbaEruaAchHM CMOJIaM TIPH HCIBITAHWH CKJICCHHBIX B IIPOM3BOACTBEHHBIX YCIOBHSX (paHep IOKasana yIOBICTBOPUTEIBHYIO KOTe3ur0. MexaHHYecKHe
CBOWCTBA M BJIArOyCTOHYMBOCTH (POPMBI 0OPA3IIOB IIUT KOPEIUPYIOT C COJCP)KaHHEM JIMTHUHA. Pe3ylIbTaThl HCIIBITAHUH MEXaHHYECKIX CBOWCTB CPaBHHBAIOTCS
¢ TpeOOBaHMSAMH €BPOIEHCKHX CTAaHAAPTOB M OOHAPYKUBAIOT 3aBHCHMOCTh BIIMSAHHSA JTUTHHHA HA MEXaHMYECKHE CBOMCTBA OT pa3Mepa YacTHIl U TeMIIepaTyphl
npeccoBaHus. VCHBITaHUS IIOMYYCHHBIX OOpA3LOB I[OKAa3alM YTO MHCIOJB30BAHHBIC TEXHOJOTHMH IIApOBOTO B3PBIBA M TOPSMEH MPECCOBKU O00Iafar0T
MOTEHIIUAIOM JUIs MCIIONIb30BaHMUs HHM3KOKAYECTBEHHOW APEBECHHBI M JPEBECHBIX OTXOJOB [/ NPOW3BOACTBA LEHHBIX MNPOAYKTOB. OLCHKAa SHEPrHH,
HEO6XO0MMOl /I 06paBOTKY JPEBECHHBI MAPOBBLIM B3PHIBOM NOKa3bIBalOT 4To npu Temmeparype 230 °Cona ne npesbimaer 10 % OT TEMNOTH CropaHus
BO3/YIIHO-CYXOH IPEBECHUHBI.
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