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Abstract. The application of renewable energy resourcesfor energy production becomes increasingly
urgent worldwide. Fast pyrolysis is one ofthe trends ofobtaining liquidfuelfrom solid biomass.

The aim of the present study was to investigate the yield, chemical composition, physical properties and
water amount of hardwood pyrolytic oil (PO) depending on the pyrolysis and pre-treatment conditions in an
ablative type reactor.

The results of the analysis of the heat capacity ofpyrolytic oil show an increase in this parameterfrom
12 MJ/kg (without drying) to 15-16 MJ/kg, drying the wood, and then pyrolysing it

Pyrolytic oil with a decreased amount ofpyrolytic water and a high heat capacity was obtained in an
ablative type reactor, drying the wood and then pyrolysing it. For the pyrolytic oil obtained in the two-stagefast
pyrolysis equipment process, pH increases.

Keywords: wood, pyrolytic oil, fast pyrolysis, products ofpyrolysis.

levads
Pasaulé klGst aktualdka atjaunojamo dabas resursu pielietoSana energijas ieguvei. Izmantojot
dazadas izejvielas energijas ieguvei, liela vériba tiek pievérsta arT ekologiskajiem aspektiem,
it TpaSi ES ilgspéjigas attistibas koncepcijas ietvaros, kur So problému reglamenté likumi.
Tapéc videi draudziga kurinama, ko iegast, pirolizéjot dazadus koksnes atkritumus - skaidas,
mizas, zarus, ka arl citas biomasas formas, pieméram, kadru, salmus, izmantoSana ir loti
perspektiva.
Viens no virzieniem 3$kidra kurinama iegG$anai no cietas biomasas ir atra pirolize. Atras
pirolizes tehnologijas attistiba pasaulé sadkas pagajusa gadsimta 80.gados, un paslaik biomasas
atro pirolizi uzskata par termokimisko konversiju ar lielu energétisko potencialu [1-3].
Procesu var energétiski organizét ka pasnodrosinatu, jo pirolizei var izmantot atras pirolizes
rezultata ieglstamos gazveida un cietos produktus. Atra pirolize dod iespéju parvérst biomasu
un tas parstrades atkritumus Skidruma, ko ir vieglak transportét, uzglabat un izlietot neka pasu
biomasu. Galvena tas priekSrociba salidzinajuma ar tradicionalo naftas produktu kurinamo ir
ta, ka to iegUst no atjaunojamajiem dabas resursiem.
Skidrais produkts (pirolitiska bioella - PE), ko iegast, koksni atri pirolizéjot, ir sarezgits
fenolu un oglidenraZzu savienojumu maisijums. Pastav divi galvenie pirolitisko ellu parstrades
virzieni: termiskais un kimiskais (1.attéls).
Termiskais virziens ietver sevli PE izmantoSanu gazifikacijas procesa un sintézes - gazes
ieguvei, boileru uzsildiSanai, gazu turbinas un dizeldzingjos.
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1.attéls. Pirolitiskas ellas parstrades virzieni

Liela uzmaniba tiek pievérsta ari kimiskajam virzienam, kas ietver atseviSku monoméru vai
savienojumu grupu izdalisanu. Pirolizes produktos tika konstatéti vairaki simti savienojumu.
Visvértigakie no tiem ir 1,6-anhidrocukuri, furfurols, levulinskabe, hidroksiacetaldehids,
polifenolu grupas savienojumi [4]. So atsevisko kimisko produktu augsta vértiba, salidzinot ar
kurinamo, varétu radit izdevibu tos izdaltt pat nelielas koncentracijas [5].

Pirolttiskas ellas sastavs ir lTdzigs biomasas sastavam, tam ir nedaudz lielaka siltumietilpiba -
15-20 MJ/kg, salidzinot ar koksni. Produktu sastavs ir atkarigs no pirolizes apstakliem un
koksnes tipa. PE salidzinosi ar citam kurindma ellam ir analogisks blivums un zems pelnu
elementu saturs. PE no Skidriem kurinamiem - rapSu ellas un smagam naftas ellam - atSkiras
ar augstu adens un zemu oglekla saturu (1.tabula) [6].

1.tabula
Piroellas, rapsu ellas, smagas degvielas ellas 1zikalo un kimisko TpaSibas salidzinajums
Smagas degvielas

Parametri Pirolitiska ella Rapsu ella ella
Blivums [g/cm3] pie 15°C 12 0,9 1,0
Viskozitate [mm2/5] pie n 175
15°C
Siltumietilpiba [MI/kg] 15 37 40
Udens[%] 25 0,1 01
Pelni 0,3 0,01 0,1
Elementu analize
-C 52 77 86
-H 10
-0 [% 40 10 0,5
-N 1% 01 <01 0,6
-S 1%

Pastavosas atras pirolizes tehnologijas iedalas atkartba no galvena reaktora konfiguracijas
principiem. Visvairak izplatiti ir verdosa slana reaktori (Italija, Griekija - GRES; Italija, ASV,
Kanada - ENSYN; Somija - VTT, Spanija - FENOSA). Peédéja laika popularitati iegtst
cirkuléjosd verdo3a slana reaktori. Turklat augstu noveértéjumu izpelnds arT virpula
vakuumreaktori (Kanada - PYROVAC), (ASV - NREL), plakSnveida (Anglija), ablativais
(Anglija, Vacija).

Ablativo reaktoru raksturo augsta darbietilptba, mazaki izméri, gazes neséja prombdtne un
uzlabota procesa vadamibas iespéja. Saja procesa siltumatdeve notiek, cietam izejvielas
dalinam tieSi kontaktéjot ar reaktora siltumdeves virsmu.
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Atras pirolizes tehnologijas problémas nav pilnigi atrisinatas, neskatoties uz to, ka ASV,
Kanada un vadoSajas Eiropas valstis ir iekartas ar raZzibu no 1 lidz 2500 Kg/stunda un atra
pirolize tur ir kluvusi par izmantotu biomasas termokimiskas konversijas tehnologiju. Paliek
vairaki svarigi jautajumi, uz kuriem jaatbild zinatniekiem un tehnologiem. Galvenie no tiem:
augsta cena, 0dens satura samazinasana un ellas pH palielinaSana.

Dotd darba meérkis ir izpétit lapu koksnes pirolitiska ellas iznakumu, kimisko sastavu,
fizikalas TpaSibas un GOdens daudzumu atkariba no pirolizes un pirmsapstrades apstakliem
ablativa tipa reaktora.

Materiali un metodes
Izejmaterials-, jauktas lapu koksnes skaidas (frakcija 0,1 mm, mitrums 8- 9%).
Pirolize: atro pirolizi veica, izmantojot partrauktas darbibas laboratorijas iekartu. lekarta
sastav no divam secigi savienotdm kameram: 1- kamera izejmateriala ZavéSanai; 2- ablativa
tipa darbibas reaktors. Katrai kamerai ir sava autonoma uzsildiSanas un gaistoSo produktu
kondenséacijas sisttma. lekartas raZigums — 150 g izejmateriala viena cikla. Pirolizi veica
divos rezimos: 1,- bez koksnes zavéSanas, pirolize 550°C; 2.- ar koksnes zavéSanu pie 200°C
un pirolizi pie 550°C.
Hromatografiska analize: gazu - Skidrumu hromatografs Shimadzu GC/MS-QP 2010, kolonna
RTX-1701 (60m x 0,25mm x 0,25pm). Bibliotéka M SNisT 147.L113.
Udens daudzumu noteik8ana: titrators Karl Fischer - 270, $kidums - HYDRONAL-
Conlomat AG.
Siltumietilptba: saskana ar ISO 1928-76, izmantojot Oxygen Bomb Calorimeter-1341.
Elementu analize: iekarta Vario MACRO CHNS.

Rezultati un to izveértéjums
ZavéSanas un atras pirolizes procesu veicam divkameru reaktora, kas dod iespéju samazinat
koksnes mitrumu pirms pirolizes, tada veida samazinat Gdens daudzumu pirolitiskaja ella un
palielinat tas siltumspéju.
Koksnes zavéSanas diapazonu ierobezo iespéjama termiskas oksidéSanas reakciju attistiba,
kas izraisa kondensacijas reakciju attistibu un saiSu nostiprindSanos koksnes kompleksa. Ka
pieméru tddam TpasSitbu izmainam var minét koksnes hidrofobizaciju zemo temperattru
termiskaja modifikacija [7].
Eksperimentos tika noskaidrots, ka, Zavéjot koksni 200°C temperatdra, no tas tiek izvadits
lielakais mitruma daudzums. Kondensata gaistoSo produktu sastava identificéta art etikskabe,
furfurols un hidroksipropanons (2.tabula). Sie savienojumi ir raksturigi koksnes gaisto3ajiem
produktiem zemo temperatdru apstradei.

2.tabula
GaistoSo monomero produktu Kimiskais sastavs
(péc gazu - Skidrumu hromatogréfijas datiem, relativos %)
Saturs, % Saturs, % Saturs, %

Savienojumi ReZims: Rezims: ZavéSana - Rezims: zavéSana -200°C,

pirolize - 500°C 200°C, 90 min. 90 min.; pirolize - 500°C
H20 22,0 80,1 144
Acid, Ester 20,2 11,6 17,8
Acetic acid ethenyl ester 0,6 - 0,5
Formic acid 1,2 0,2 1,0
Acetic acid 14,2 11,1 11,7
Propanoic acid 0,7 0,3 0,6
Acetic acid,methyl ester 31 - 3,5
Acetic acid, 2-methylpropyl ester 0,4 . 0,5
Alcohol, Aldehyde 9,3 0,9 11,9
Formaldehyde 0,6 0,2 0,7
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Methylglyoxal (Acetylformaldehyde)
Hydroxyacetaldehyde
1-Butanol, 3-methyl
1,2-Propanediol
1-Butanol, 2,2-dimethyl
2-Butanone-4-hydroxy
2-Buten-l-ol
n-Pentanal
2-Pentanol
Ketone, Lactone

Acetone
2,3-Butandione
1-Hydroxy-2 -butanone
2-Propanone, 1,3-dihydroxy
2-Propanone, 1-hydroxy
2(3H) Furanone,5-ethoxydihydro
Ethyl glycidyl ether
2-Heptanone, 3-methyl
1,2-Cyclopentanedione
Cyclopentanone,-3-methyl

Pyrane
4-Hydroxy-5,6-dihydro-(2H)-pyran-2-one
3-Hydroxy-2-methylpyran-4-one

Furane
2(3H) Furanone, 5-ethoxydihydro
Furfural
Furfural alcohol
5-Methyl-2-furaldehyde
2,(5H)-Furanone
5-Hydroxymethyl-dihydro-2-(3 H)-
furanone

Sugars
1,4-3,6-Dianhydroglucopyranose
Nav identificéts
Levoglukozans

Lignina atvasinajumi
Phenol
Guaiacyl-

0-Guaiacol
Guaiacol, 4-methyl
Guaiacol, 4-ethyl
Guaiacol, 4-vinyl
Eugenol
Cis-isoeugenol
Trans-isoeugenol
Acetoguaiacone

Syringyl-
Syringol
Syringol, 4-methyl
Syringol, 4-ethyl
Vinylsyringol
Syringol, 4-allyl
Syringol, 4-propenyl (cis)
Syringol, 4-propenyl(trans)
Syringaldéhyde
Acetosyringone
Syringylacetone

13
2,3
0,5
0,7
0,4
1,0
0,7
13
0,4
15,0
1,0
0,2
0,4
0,5
6,3
16
0,7
0,8
17
18
15
15
6,6
0,9
2,5
0,8
0,9
11
0,4

16
0,3
0,4
0,9
23,5
0,7
6,5
12
13
0,4
0,7
0,3
0,4
17
0,5
16,3
2,7
2,6
13
1,0
14
0,6
53
0,4
0,5
0,5
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0,7

31
0,6
0,2
0,1

1,9
0,1

0,2

17
1,6
0,1

0,8
0,3
0,3
02

0,2
0,1

0,1

2.tab, turpin.
13
51
0,5
0,6
0,4
13
0,4
13
0,3
16,0
2,6
0,4
0,6
0,4
6,1
15
0,4
0,8
15
1,7
15
11
0,4
7.4
15
2,7
0,7
0,7
13
0,5

3,7
0,4
0,4
2,9
24,2
0,7
6,7
12
13
0,5
0,9
0,4
0,3
17
0,4
16,8
2,6
2,7
13
1,0
15
0,6
5,6
0,4
0,5
0,6



2.tabula attélots (gazu - Skidrumu hromatografijas dati) gaistoSo produktu sastavs
kondensétam, nezavétas un 2avétas koksnes pirolizém.

Galvenas PE Kimiska sastava izmainas, iegltas bez koksnes ZzavéSanas un ar to, tiek
raksturotas ar tdens, etikskabes un levoglukozana saturu. Udens daudzums PE divu stadiju
rezima apstaklos samazinas par 7,6%, kas praktiski atbilst koksnes sakotnéjam mitrumam.
Etikskabes daudzums samazinas par 2,5%, bet levoglukozana daudzums palielinas par 2%,
iespéjams, pateicoties etikskabes katalizei celulozes depolimerizacijas procesa.

Pirolitisko ellu siltumietilpibas analizes rezultati (3.tabula) parada $1 raditaja palielinasanos no
12MJ/kg (bez ZavéSanas) Iidz 15-16 MJ/kg, Zavéjot koksni un péc tam pirolizéjot.
Acimredzot galvenais faktors, kas ietekmé So raditaju ir pirogenétiska Gdens daudzuma
samazinaSanas no 28% Ilidz 19-21%. Ellas iznakums, pirolizéjot zavéto koksni, nedaudz
palielinas.

Jaatzimé ari pirolitiskas ellas pH palielinaSanas divstadiju procesa, ko var izskaidrot ar
etikskabes izdaliSanu procesa pirmaja stadija.

3.tabula
Lapu koksnes pirolitiskas ellas TpasSibas
lstadija (zavéSana) -
Eksperimenta Atrapirolize - 200"C, 90 min.; Elementara analize
apstakli 550°C 2.stadija (atra (aprékinats uz a.s. vielu)
pirolize) - 550°C

SiltumietilpTba, 12 15-16 C, % 57-58
MJ/kg
Udens daudzums, 28 19-21 H, % 6,5
%
pH 2,5 3,0-3,5 0, % 35-36
Pelnu daudzums, 0,2 0,2-0,25 N, % 0,2
%
Pirolttiskas ellas 58 62

iznakums, %

Pirolttisko ellu elementu analize abos reZzimos paradija identitati (3.tabula). Viens no
galvenajiem iegato pirolitisko ellu raditajs - C daudzums (57-58%) - ir augstaks
saltdzindjuma ar literatras datiem (52%).

Secingjumi

Pamatojoties uz eksperimentalajiem rezultatiem, var secinat, ka 200°C temperatira zaveta
koksne var kalpot ka izejviela pirolitiskas ellas ieguvei atras pirolizes procesa. Ablativa tipa
reaktora, zavéjot koksni un péc tam pirolizéjot, iegGta piroella ar samazinatu pirogenétiska
Odens daudzumu un augstaku siltumietilpTtbu.

Divstadiju atras pirolizes iekartas iegatajai pirolitiskajai ellai palielinas pH, kas ir svarigi,
nemot veéra pirolitisko ellu augsto korozitati, samazinas pirogenétiska tdens daudzums un ir
augsts elementara oglekla saturs.

Summary
The application of renewable energy resources for energy production becomes increasingly
urgent worldwide. In the use of different types of energy raw materials, much attention is
given also to ecological aspects, which are acquiring the legislative level in the framework of
the European Union. Therefore, the use of environmentally friendly fuel, which is obtained by
way of pyrolysis of different types of wood residues such as chips, bark, branches and other
forms of biomass, for example, peat and straw is a promising direction.
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Fast pyrolysis is one of the trends of obtaining liquid fuel from solid biomass.

The aim of the present study was to investigate the yield, chemical composition, physical
properties and water amount of hardwood pyrolytic oil (PO) depending on the pyrolysis and
pre-treatment conditions in an ablative type reactor.

Raw material: mixed hardwood chips (fraction 0.1 mm, moisture 8-9%).

Pyrolysis: fast pyrolysis was carried out using batch action laboratory equipment. The
equipment consists of two successively joined chambers: 1 - chamber for drying the raw
material; 2 - ablative type operation reactor. Each chamber has its own autonomous heating
and volatile products’ condensation systems. The equipment’s capacity is 150 g of the raw
material in one cycle. Pyrolysis was carried out in two regimes: 1 - without wood drying,
pyrolysis at 500°C; 2 - with wood drying at 200°C and pyrolysis at 500°C.

Chromatography analysis: the chemical analysis of pyrolytic oil was determined with the
help of a gas-liquid chromatograph Shimadzu GC/MS - QP 2010, column RTX-1701, 60m x
0. 25.m x 0.25pm. Library MS Nist 147.L113.

The processes of drying and fast pyrolysis of wood were performed in a 2-chamber reactor,
enabling to decrease the moisture of wood prior to pyrolysis, thereby decreasing the water
amount in the pyrolytic oil and to increase its calorific value.

The temperature range of wood drying is limited by the possibility of the development of
thermal-oxidative reactions, which results in the development of condensation reactions and
the strengthening of bonds in the wood complex. The changes in the properties of wood can
be exemplified by its hydrophobisation at low-temperature thermal modification.

It has been found experimentally that, drying wood at the temperature 200°C, the major
amount of moisture is removed from it. In the condensate volatile products’ composition, also
acetic acid, furfural and hydroxypropanone are identified (Table 2.). These compounds are
characterised for volatile products of wood in the region of low-temperature treatment.

Table 2. shows compositions of volatile products for condensates as well as products of
pyrolysis of non-dried and dried wood.

The main changes in the chemical composition of PO, obtained without and with wood
drying, and characterised by water, acetic acid and levoglucosan contents. The water content
in PO two-stage regime conditions decreases by 7.6%, which practically corresponds to the
initial moisture of wood. The acetic acid amount decreases by 2.5%, while the levoglucosan
amount increases by 2%, obviously owing to the acetic acid catalysis in the cellulose
depolymerisation process.

The results of the analysis of the heat capacity of pyrolytic oil (Table 3.) show an increase in
this parameter from 12 MJ/kg (without drying) to 15-16 MJ/kg, drying the wood, and then
pyrolysing it. Obviously, the main factor that influences this parameter is the decrease in the
amount of pyroligneous water from 28% to 19-21%.

An increase in the pH of the pyrolytic oil in the two-stage process should be noted, which can
be explained by the release of acetic acid in the first stage of the process. These parameters
are important for choosing the material for the pyrolytic oil reactor and storage tanks.

An analysis of the elements of pyrolytic oils in both regimes has shown a full identity in terms
of the water-free product (Table 3.). The main indicator of pyrolytic oils, namely, C amount
(57-58%) is high in comparison with the data available in the literature (52%). Based on the
experimental results, it may be concluded that dried wood may be used as a raw material for
obtaining pyrolytic oil in the fast pyrolysis process.
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