Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2011
Volume 22

The Study of Birch Lignin Isolated from Hydrolyzate
Imitating Wastewater of VVeneer Production

Sanita Skudra, Latvian State Institute of Wood Chemistry, Galija Shulga, Latvian State Institute of Wood Chemistry,
Skaidrite Reihmane, Riga Technical University

Abstract: Hydrothermal treatment of wood in a special water
basin is employed before its mechanical processing for veneer
production. Due to the wood autohydrolysis, the wastewater of
the hydrothermal treatment is dramatically polluted, mainly with
low-molecular lignin fragments, hemicelluloses and extractives.
The waste biomass from the plywood basins may serve as a raw
material for the development of new products with a value-added
benefit. In this work, a chemical structure of lignin isolated from
laboratory birch wood hydrolysate, imitating wastewater of
plywood production, as well as its compositional features in
comparison with commercial alkaline lignin has been studied.
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. INTRODUCTION

During recent years in Latvia wood product industry has a
tendency to increase. One of the most significant wood
processing areas is the production of plywood. During 2008
plywood production reaced 180.000 m* which contributed to
approximately 15% of total wood production in Latvia [1, 2].

One of the veneer production stages is wood hydrothermal
treatment, and, as a result, a considerable amount of low-
molecular lignin fragments, hemicelluloses and extractives
passes to wastewater [3]. These organic substances are
responsible for the high chemical oxygen demand and the
colour of wastewater of the wood hydrothermal treatment and
have a considerable negative effect on the environment.

One of the most effective solutions of this problem may be
the regeneration of wastewater biomass and its further
application in national economy. It is known that lignin, being
a part of the biomass, could be used as a raw material in
manufacturing of various products. Along with its traditional
application as an energy source, nowadays it is also used as
surface active agent, binder or fillers, soil improving agent or
for other purposes [4-7].

The aim of this work was to investigate the chemical
structure of lignin isolated from the laboratory wood
hydrolysate imitating wastewater of plywood production, as
well as to reveal its compositional features in comparison with
a commercial lignin.

Il. MATERIALS AND METHODS

Treatment of birch wood sawdust (cellulose — 40.3 %,
lignin — 25.2 %, extractives — 3.9 %) was performed in a weak
alkaline water solution with the hydromodulus 1/50
(sawdust/water) at the temperature of 90°C for 4 h. For

122

comparison industrial ~wastewater sample from the
hydrothermal basin of plywood manufacturing was taken.

Birch lignin was isolated from the obtained wood
hydrolysate by using 20% sulphuric acid solution [8]. The
commercial lignin Curan 100 was supplied by Borregaard
LignoTech, Sweden.

Elementary analysis of samples was determined using
Elementar  Analysensysteme Vario MACRO CHNS.
Functional analysis was performed by analytical methods
according to [8, 9]. Potentiometric and conductometric
titration methods were used for analysis of functional
composition. Surface tension at the water-air interfaces was
measured by the Wilhelmy plate method, using the
tensiometer KRUSS 9K, after 24 h storage of lignin’s
solutions at room temperature. FT-IR spectra were obtained in
a range of 450-4000 cm* on a spectrophotometer Perkin-
Elmer Spectra One, using KBr tablets. UV spectra were
obtained by a Genesys 10UV spectrophotometer in a range of
220-420 nm. Sizes of the lignin particles were determined,
using a ZETASIZER NANO ZS Malvern Instrument. The
supramolecular structure of the isolated lignin was examined
with a scanning electron microscope.

I11. RESULTS AND DISCUSSION

The comparison of the elemental and functional
compositions of the dry matters derived from the obtained
hydrolyzate (WH) (Table 1), which imitates the real
hydrothermal treatment of wood in the veneer production, and
the industrial wastewater (WW) shows that there are no
significant differences.

The birch lignin (IBL) isolated from WH is a brown fine
disperse powder that does not dissolve in a distilled water, but
forms a suspension in it with a particle size of 1100 — 1200 nm
(Fig. 1). At the same time IBL dissolves in alkaline media.

The SEM image of the IBL indicates the high association
degree of its macromolecules in water solution (Fig. 2). The
revealed supramolecular structure represents the extended
clusters, consisting of globules with different sizes.
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Fig. 1. Particle-size distribution pattern of IBL distilled in water
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The chemical composition of IBL significantly differs from
WH (Table 1), because WH besides the lignin contains also
hemicelluloses fragments and extractives. IBL is characterized
by a higher content of carbon, mainly, due to a relatively
higher content of aromatic fragments in comparison with the
dry matter of WH. At the same time, Curan 100 is
characterized by the increased content of methoxyl groups
(11.70 %) in comparison with IBL (7.53 %). The
comparatively moderate content of OCHj3; groups in the
composition of the studied lignin may testify the presence,
besides syringyl units, of a considerable amount of guaiacyl
and para-oxiphenyl fragments in its macromolecules.

Fig. 2. SEM image of IBL obtained from alkaline water solution

TABLE 1
ELEMENTAL AND FUNCTIONAL COMPOSITION
Samoles c H N 0 s OCH; co OH
P % % % % % % % %
WW 42,33 5,35 074 51,00 058 1,86 1,05 9.25
WH 37,36 4,68 0,30 57,52 014 2,29 1,50 10,15
IBL 53,36 6,63 0,61 39,03 037 753 476 11,24
Curan 100 64,90 5,59 011 26,90 2,50 11,70 3,10 11,00
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Fig. 3. FT-IR spectra of WH and IBL

The results of chemical analysis of WH and IBL are
confirmed by the analysis of the obtained FT-IR spectra of
WH and the isolated birch lignin (Fig. 3). According to them,
WH contains not only lignin, but also hemicelluloses and
extractives. Bands between 1125 and 1000 cm™ are typical of
hemicelluloses derivatives. The band at 1049 cm™ in
hemicelluloses is due to the C-O, C-C stretching or C-OH
bending [10]. Tannins can absorb in a range of 3390-
3600 cm™. Lignin differs from the other wood components by

a higher variety of functional groups. In the FT-IR spectra of
IBL (Fig. 3), the typical bands can be seen, which are common
for hardwood lignins: 3410 cm™, attributed to the hydroxyl
groups in phenolic and aliphatic structures, and the bands
2917 cm™ and 2847 cm™, caused by CH stretch vibrations in
methoxyl, methyl and methylene groups. 1591 cm™, 1503 cm™
and 1417 cm™ are assigned to skeletal vibrations and C = O
stretching in the S and G aromatic rings. The relatively higher
intensity of the band at 1591 cm™ in comparison with the band
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at 1503 cm™ may be caused by the presence of a great amount
of syringyl derivatives in the lignin macromolecule and
condensed aromatic structures, favouring the increase in the
intensity of this absorption band. A broad band in a range of
1715-1625 cm™ may be assigned to the presence of
unconjugated and conjugated carbonyl and aromatic carboxyl
groups in lignin macromolecules. A shoulder at 1378 cm™
may be caused by the presence of phenolic OH and aliphatic
C—H in methyl groups. A band at 1323 cm™ and a band at 821
cm™ are assigned to syringyl rings, the latter band is
characteristic also for C—H vibration in S units. The higher
intensity of the band at 1219 c¢m™, in comparison with the
band at 1262 cm™, may be determined by the presence of both
syringyl and a considerable amount of para-oxiphenyl
derivatives [11]. A very strong band at 1121 cm™ may be
caused by C—H deformation in the syringyl units as well as in
the secondary alcohols or by C=0 stretching vibrations. The
strong band with a maximum at 1036 cm™ is complex and
may be governed by both the deformation vibrations of C-H in
the aromatic structures with predominating guaiacy! units, and
the deformation vibrations C-O in primary and stretching
vibrations of unconjugated C=0 groups. Thus, it may be
assumed that the isolated birch lignin fragments represent the
guaiacyl-syringyl type, containing a lot of the p-
hydrophypheny! units.

A
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Fig. 4. UV spectra of BL aqueous solutions depending on its pH values

The UV-absorption curves of IBL only in a weak acid
media had a pronounced maximum at 276 nm (Fig.4). In an
alkali medium, they represented integrity of absorption bands
in the form of strongly or weakly pronounced shoulders,
reflecting the presence of different phenyl propane fragments
in the macromolecule of birch lignin. The very pronounced
shoulders at 242, 257, 280 and 312 nm on the ionization curve
of BL in a strong alkaline medium could testify the presence
of the biphenyl derivatives, as well as the aromatic structures,
containing non-etherified hydroxyl groups, conjugated
carbonyl groups and aromatic carboxyl groups in the lignin
macromolecules. The values of the extinction coefficient of
BL varied from 13.5 | gcm™ (A =276 nm) at pH 5.3 to 16.8 1
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glem™ (A = 280 nm) at pH 12.7. These indices were typical
for the lignins of hardwood species [8].

The study of acidic functional groups of the lignins was
performed by potentiometric and conductometric titration. It is
known that soluble lignins, containing carboxyl groups, may
be regarded as weak polymer acids. In order to compare the
ability of the carboxyl groups of IBL and Curan 100 to
dissociate in water solutions, their dissociation constants (Ka)
were calculated based on the titration curves (Fig. 5). As the
titration shows, the IBL carboxyl groups in comparison with
Curan 100 ones are characterized by higher pKa values that
may be gained by the presence of many biphenyl structures in
the chemical composition of IBL (Fig. 3 and 4).
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Fig. 5. pKa of carboxyl groups of IBL and Curan 100 versus their degree of
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Fig. 6. Conductometric and spectrophotometric titration (540 nm) curves of
water solutions of IBL and Curan 100

The changes of specific conductivity of the IBL and Curan
100 solutions, depending on pH, are given in Fig. 6. It is seen
that, in the studied pH range, the specific conductivity of the
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Curan 100 solution is higher than that of the IBL one. This
may confirm a higher state of charge of the acidic groups of
Curan 100 in comparison with the isolated birch lignin.
However, in a strong alkaline media at pH > 10.5, the state of
charge of the IBL macromolecules becomes higher than for
the molecules of Curan 100. This may indicate that IBL in
comparison with Curan 100 contains a lot of the phenolic
hydroxyl groups with higher pKa. The enhanced value of
extinction coefficient of IBL at pH 12.7 (16.8 | g cm™ may
confirm this suggestion.

With decreasing pH, light transmittance at 540 nm increases
for both IBL and Curan 100 solutions (Fig. 6), which is gained
by the decrease of phenolic hydroxyl groups ionization.
However, the light transmittance coefficient for the Curan 100
solution is lower in comparison with the IBL one in alkaline
and neutral media. It is known that a colour of lignins, to a
great extent, depends on a conjugation degree of their
chromophoric system. Generally, the higher the degree of
conjugation, the darker lignin’s water solution is. Evidentially,
IBL is characterized by a less conjugated structure than Curan
100 due to its lower molecule mass as can be seen from the
comparison of the carbon content in the chemical
compositions of both lignins (Table 1) and the obtained
viscometric data.

IV. CONCLUSIONS

The birch lignin (IBL) was isolated from the hydrolyzate,
imitating wastewater of veneer production. It was a brown fine
disperse powder with a particle size of 1100 — 1200 nm. The
analysis of the obtained FT-IR and UV spectra indicated the
presence of the biphenyl derivatives, as well as the aromatic
structures, containing non-etherified hydroxyl groups,
conjugated carbonyl groups and aromatic carboxyl groups in
the lignin chemical composition. In comparison with the
commercial alkaline lignin, it is characterized by a decreased
content of methoxyl groups due to the presence, besides
syringyl units, of a considerable amount of guaiacyl and para-
oxiphenyl fragments in its macromolecules. The acidic groups
(phenolic hydroxyl groups, carboxyl groups) of ILB in
comparison with the commercial lignin are characterized by
higher pKa values that may be gained by the presence of
many biphenyl structures in its chemical composition. IBL is
also characterized by a less conjugated structure than the
commercial lignin due to its lower molecule mass.
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Sanita Skudra, Galija Sulga, Skaidrite Reihmane. No finiera raZoSanas hidrotermiskas apstrades modelSkiduma izdalita bérza lignina
pétijumi

Pedgjos gados Latvija pakapeniski ir palielinajusies kokriipniecibas produkcijas ar augstaku pievienoto vértibu razo$ana un eksportésana. Viens
no nozimigakajiem koksnes parstrades veidiem Latvija ir finiera raZo%ana. 2008. gada tika saraZoti ap 180 tiikst. m® saplaksna, kas veido 15 %
no kopgjas koksnes produktu sarazotas vértibas Latvija. Viens no saplak$na razoSanas posmiem ir koksnes hidrotermiska apstrade, kuras
rezultatd Gideni nonak ievérojams daudzums zemmolekularo lignina savienojumu, hemicelulozu un ekstraktvielu. Sis organiskas vielas ir
atbildigas par koksnes hidrotermiskas apstrades notekiidenu lielo kimiska skabekla patérinu un krasainibu, kas bitiski ietekmé apkart&jo vidi.
Viens no visefektivakajiem risinajumiem vartu bat §is notekiidenu biomasas regeneracija un talaka pielicto$ana. Biomasas sastava esoSais
lignins var kalpot ka izejviela dazadu produktu razoSanai. Darba mérkis bija no laboratorijas apstaklos iegtita koksnes hidrotermiskas apstrades
modelskiduma, kas imité realu saplak$pa razoSanas hidrotermiskas apstrades procesu, izdalit bérza ligninu un izpétit ta kimisko sastavu, lai
talak varétu mekl&t ta potencialas izmantoSanas iespgjas.

Veiktie pétijumi paradija, ka no modelskiduma izdalitais bérza lignins (IBL) ir briina smalki dispersa viela, kas neskist Gdent, bet veido tur
suspensiju ar dalinu izmériem 1100-1200 nm. FT-IR un UV spektru analize liecina, ka IBL kimiskaja sastava ietilpst bifenil atvasinajumi, ka
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arT aromatiskas struktiiras ar neesterificétam hidroksilgrupam, konjugétam karbonilgrupam un aromatiskam karboksilgrupam. Salidzinajuma ar

komercialo kraft ligninu, izdalito ligninu raksturo mazaks metoksigrupu saturs, kas norada uz to, ka ta makromolekula bez siringilvienibam

ietilpst ar ievérojams daudzums gvajacil un para-oksifenilpropanvienibu. IBL skabas grupas raksturo lielakas pKa vertibas salidzinajuma ar

komercialo ligninu, kas varétu biit izskaidrojams ar lielaku bifenilstruktiiru daudzumu IBL sastava. IBL raksturiga ari mazak konjugéta
strukttira neka komercialajam ligninam, Kas izskaidrojams ar IBL mazaku molekularo masu.

Canura Ckyapa, I'aaua Iyasra, Ckaiigpure Peiixmane. H3ydyenue 0epe3oBOro JIMIHHHA, BBIIEJEHHOI0 M3 TI'HIPOJIHM3aTa,
HMHUTHPYIOILET0 CTO4HbIE BOJbI ()aHEPHOI0 NPOU3BOJACTBA

OpHoii U3 BemymMx oTpacneil aepeBonepepaboTku B JaTBUM sABJIsETCS MPOU3BOACTBO KieeHOH ¢anepsl. B 2008 roxy OpLI0 mpou3BeaeHO
noutn 180 Thic.M?, uTo cocTaBmsteT 15% OT Beel MPOAYKIIHH, MPOU3BEACHHON JepEBONEPEPa0ATHIBAIONIMMHI NPEANPHITHAMH. [Is MOTydeHHs
IINOHA, JPEBECHHY IOJBEPraloT THAPOTEPMUYECKOH 00paboTKe, B pe3yibTaTe KOTOPOH B CTOYHBIE BOJbI IOMAagaeT OOJBIIOE KOJMYECTBO
HU3KOMOJICKYJISIPHBIX JIMTHUHOB, ()ParMEHTOB T'e€MHIIEIUIIONO03, 3KCTPAKTHUBHBIC BEHIECTBA, KOTOPHIE OOYCIOBIMBAIOT BHICOKHE ITOKAa3aTelH
XIIK u okpacky cToYHBIX BoA. OTHUM U3 IEPCHEeKTHBHBIX PENICHUH CHI)KCHHUS 3arpsS3HCHUS OKpYKaloIleil cpeabl MOKET OBITh pereHeparus
OroMacchl U3 CTOYHBIX BOJI C LIEJBIO JANIbHEHIIero ee npuMeHeHus. JINrHuH, Haxoasmmeiicss B cocTaBe OMOMacChl, MOJKET CITY)KHTh UCXOIHBIM
CBIPBEM JUIS TOJTydEHHS IeJeBBIX IPOIYKTOB C JTOOABIEHHOW cTOMMOCTBIO. llenpro maHHOI paGoTHI OBLUIO M3ydeHHE XHMHYECKOTO COCTaBa
0epe30BOr0 JIMTHHUHA, BBIIEICHHOTO U3 J1abOpaTOPHOTO TIuApONM3aTa Oepe3oBOi  JPEBECHHBI, HMMHTHUDYIOLIETO CTOYHBIE BOJBI
THIPOTEPMHUUECKOH 00pabOTKN IPEBECHHBI B 3aBOJICKUX YCIIOBHSAX, a TAK)Ke BBIIBICHUS €ro 0COOEHHOCTEH B CPAaBHEHWH C NPOMBIIITICHHBIM
IIEJIOYHBIM JIMTHHHOM.

IIpoBeneHHble HCCIENOBAHHMSA IIOKa3aldM, YTO OEpe3OBBI JHMIHUH, BBIICICHHBIM U3 MoJenbHOro pactBopa 20% cepHOH KHCIOTOH,
MpEeICTaBIseT cOOOH KOPHUYHEBBI MENKOAUCTIEPCHBIN mopomok ¢ yactunamu 1100-1200 am. Xummdeckuii ananus, @ypee- 1 YO crekTpbl
BBIJICJICHHOTO JIMTHUHA CBHUIETEIBCTBOBAIN O INPUCYTCTBHHU B €r0 COCTaBe OM(EHMIBHBIX IIPOU3BOAHBIX, a TAKKE apPOMATHYECKHX CTPYKTYP,
COZIep)KallMX —HedTepeUUMPOBAHHBIC THIPOKCWIBHBIC TPYIIbI, KOHBIOTUPOBAHHBIC KAapOOHWIIBHBIE TpPYHIBl M apOMaTHHYECKHE
KapOOKCHIIbHBIE TPYNIEL. B CpaBHEHHH ¢ MPOMBIIUICHHBIM JIMTHUHOM, BBIICJICHHBIH JIMTHHH XapaKTepH30BaJICs MOHMKEHHBIM COIEp)KaHHEeM
METOKCHJIBHBIX TPYHII, YTO MOIJIO OBITH BBI3BAHO 3HAYUTENBHBIM IPUCYTCTBHEM B €ro cocraBe (parMeHToB, COJEpKalluX Iapa-
OKCH(EHIIIPOIIaHOBEIe eMUHULEL. bonee Hu3kne 3HaueHust pK, GpeHOIBHBIX THAPOKCHIEHBIX M KapOOKCHIIBHBIX IPYIIIT OEpe30BOro JIMTHUHA, a
Taoke Ooyee BBICOKHE 3Ha4deHHs Kod(duimenrta cBeronporryckanus npu 540 HM, OTHOCHTENBHO JTHX JKe IHOKasarelel NPOMBIIIICHHOTO
IIEJIOYHOTO JIMTHUHA, O0YCJIOBJICHBI CTPYKTYPHBIMH OCOOCHHOCTSIMH €TI0 CTPOCHHS U 6oJiee HU3KOH ero MOJIEKYJIIPHOH MacCoi.
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