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Abstract. Fire hazard control in wooden constructionsisvery important. For thispurpose, fire retardantsare
used, which change the thermodestruction of wood and reduce combustion.
The aim of the present research project was to study and compare the fire—protective properties of fire-retardants
and to explain the chemical process of pyrolysis, namely, degradation in treated and untreated wood.
The influence of fire-retardants on the wood thermal stability and the amount of volatile products was egimated on
the basis of thermal analysisresults. The volatile products (above 50%) of the pyrolysis processwere identified, and
the mechanism of the influence of fire-retardants on wood thermodestruction was studied.The presence of toxic
compounds, formed by pyrolysis, was eval uated.
The results of the study have shown that analytical pyrolysisisa modern, precise method for identifying the toxic
compounds of volatile productsin processes of both wood pyrolysisand combustion.
The application of analytical pyrolysis enables a prompt determination of the fire protection degree of building
wood congructions.

Keywor ds: fire-retardants, wood, analytical pyrolysis, fast pyrolysis, products of pyrolisis.

levads
Koksne, ka celtniecibas materials, ir viegli apstradajama, salizturiga, tai ir zema siltumvaditsp€ja
un augsta rezistence pret daudziem kimiskiem reagentiem. Tadu koksnei ir arl trikumi —
neviendabigums (anizotropisms), higroskopiskums (maina koksnes izmérus), sp&ja deforméties,
plaisat, put, degt. Koksnes paaugstinato degSanas sp&ju nosaka organiskais sastavs. Lai
pasargatu koksni no uguns iedarbibas un mazinatu zaud&jumus ugunsgréku del, plasi tiek
pielietoti ugunsaizsargajosie sastavi, kuru pamata ir antipiréni [1].
Ugunsaizsargajoss efekts balstas uz dazadiem fizikali — kimiskiem procesiem, kuri:
samazina koksnes uzsil§anas atrumu;
termodestrukcjjas mehanisma izmainam, kas ved uz koksa palieku palielinaSanos un deggazu
izdaliSanas daudzuma samazinasanos;
antipir€ni inhib&€ kondensétas un gazes fazu degSanu.
UgunsaizsargajoSiem sastaviem ir jabit ar Sadiem kritérijiem:
ar augstam ugunsaizsargajosam pasibam;
. tie nedrikst pasliktinat koksnes mehaniskas pasibas;
o tiem nav jaietekmé uznesamas lakas un krasas;
. tie nedrikst ietekmét koksnes konstrukciju lim&jamas vietas;
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o tie nedrikst biit indigi un toksiskikoksneitermiski sadaloties un degot.

Pateicoties pretuguns aizsarglidzeklu pielietoSanai, ir ieveérojami samazinajusies ugunsgrekos
izraisitie materialie zaud€jumi un boja gajuso cilvéku skaits.

Antipirenu pielietoSana dod lielu ieguldjumu koka konstrukciju pasargasana no uguns
iedarbibas, taCu maz izpétita ir to ictekme uz apkartéjo vidi. Svarigi ir izpétit kadas toksiskas
vielas izdalas koksnes termiskas degradacijas procesa, ka arl salidzinat apstradatas un
neapstradatas koksnes termiskas degradacijas produktus. Rezultata biitu iesp€jams sintezet
apkartejai videi nekaitigus pretuguns aizsargsastavus.

Zinams, ka visu organisko materialu degSanas pamata ir pirolize — materiala termodestrukcija
bez skabekla klatblitnes ar Skidro, gazveida un cieto vielu veidoSanos. Detalizéta pirolizes
procesa un gaistoSo savienojumu izp&te var dot daudz informacijas par materiala parvertibam
ugunsgreka laika.

Koksnes ugunsaizsardzibai izmanto dazadus organiskos un neorganiskos savienojumus. Daudzu
miisdienas lietojamo antipir€nu sastava ietilpst fosforskabe un vinas sali. Tika veikti p&tijumi,
kuru rezultata tika konstatets, ka orto-fosforskabe veicina palielinata tdens daudzuma
izdaliSanos pirolizes procesa [10]. Ir dati, ka koksnes gadfjuma [10], kad ta i impregneta ar
fosforskabes saliem, 2 — 3 reizes palielinas tdens un karbonizéta atlikuma iznakums, pie kam
degradacijas pamatprocesa maksimums tiek nobidits uz zemo temperatiiru ap gabalu.

Ka antipirénus izmanto arT dazu sarmu metalu ( K, Na) savienojumus un amonija salus. Sie
savienojumi savadak ietekmé koksnes termisko degradaciju. Termiskas degradacijas mehanisma
pamata ir ogludenrazu komponentu glikozidu saiSu sarauSanas inhib&ana un ligninu koksnes
komponentu starpmolekularo dehidratacijas reakciju katalize. Karboni£taja produkta So reakciju
rezultata uzkrajas stabilas dubultsaites, samazinas pirolizes $kidro gaistoSo produktu daudzums
un palielinas ogles iznakums.

Lai izp&titu koksnes gaistoSo pirolizes produktu sastavu, darba tika izmantota Latvijai unikala
metode - analitiska pirolize [2]. ST metode pamatojas uz atro pirolizi (uzkarsé$anas atrums —
600°C sekund€) un vienlaicigu gaistoso produktu hromatografisko analizi. Atrais pirolizes
process notieck inertads gazes - nes€ja plisma un reakcijas produkti tick momentali parnesti ar
nes€jgazi kolona, kas lauj butiski samazinat otreiz€jo pirolizes produktu parvertibas. Realizgjot
So atro koksnes parauga uzkarseéSanu pirolitiskaja $tna, var noteikt Skidro gaistoSo produktu
iznakumu 70 - 80%. So procesu praktiski var pielidzinat koksnes sakidrina§anai. Atrd parauga
uzkarséSana un augsta detektora jutiba lauj eksperimentam izmantot loti mazus parauga
daudzumus, kas, savukart, pazemina diftizijas barjeras un lauj péc produktu sastava raksturot pat
niecigas izmainas paraugos.

Dota darba merkis ir ar dazada darbibas mehanisma pretuguns sastaviem apstradatas koksnes
termiskas degradacijas procesa un pirolizes gaistoSo savienojumu sastava izpéte, lai salidzinatu
to darbibas efektivitati un identificétu iespgjamus toksikus pirolizes produktus.

Materiali un metodes
Materialu sagatavosana.
Priedes koksnes paraugu sagatavoSana:
priedes koksnes paraugu sagatavoja saskana ar LVS 238 — 99 “ Koksnes aizsarglidzeklu
test€Sanas metodes™ [4] prasibam. Izgatavoja taisnstiira brusas veida ar izmériem 150x60%30
mm. Koksnes parauga mitruma saturam jabiit ( 8 = 1,5) %. Sagatavoto priedes koka paraugu
sasmalcinaja un samala. 1zmantoja frakciju 0,1 mm.
Koksnes pretuguns aizsarglidzek[u sagatavosana:
a) koksnes pretuguns aizsarglidzekli “ FAP “ sagatavoja atbilsto$i razotaja SIA “ FIRMA
LATAKVA “ tehniskajiem noteikumiem LV TN 000329664 — 03 — 02 [5];
b)  koksnes pretuguns aizsarglidzekBAHH - 1 “ sagatavoja atbilstoSi razotaja ZAS *
HEOXHM * tehniskajiem noteikumiem TN 2332 — 001 — 35471523 — 97 [6].
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Analitiska pirolize.

Pirolizes process tika realiz€ts piroinzektora ““ Pyrojector “ SGE system. Pirolizes process tika
veikts pie 500C 15 sekundes. P&c pirolizes procesa kopa ar nes€jgazi héliju pirolizes produkti
nonaca hromatografa kolonna. GaistoSo produktu noteikSanu veica izmantojot gazu — Skidrumu
hromatografu “ Agilent 6850 Series GC System “. Hromatografa kolonna bija kapilara tipa ar
fazi DB — 1701, tas garums bija 60 m ar diametru 0,25 mm. Nes€jgazes atrums bija 32 ml/min.
Hromatografijas process tika veikts reZima, sakot no’6€)( 4 miniites notur&ja doto temperatiiru
nemainigu), tad temperatiiru paaugstingja ar atrumi3/min lidz tika sasniegti 270°C, tad 10
miniites noturéja doto temperatiiru. Liesmas — jonizacijas detektora (FID) temperatiira - 280°C,
tdenraza plisma — 30 ml/min, gaisa plisma — 250 ml/min.

“Atrda‘ pirolize gaisa pliismas klatbiitné.

Koksnes paraugus sagatavoja analogiskianalitiskas pirolizes procesam

(aprakstits 2.1 nodala ). Vieniga atskiriba - tika veikta visa sagatavota materiala tablet€Sana.
“Atro“ priedes koksnes pirolizi veica vertikald reaktora ar gaisa plismu (atrums — 5 I/min).
Pirolizes process bija realiz€ts reaktora. Pirolizes temperatira — 340°C. Apstradatas un
neapstradatas koksnes paraugus ievietoja uzkarséta reaktora. IzdalijuSos kondensata veida
gaistoSos savienojumus savaca kolba, kas pastavigi tika dzeseéta ledus vanna. Kondensatu
Termogravimetriska analize.

Termisko analizi veica izmantojot derivatografu — “ DERIVATOGRAPH Q - 1500D “
SYSTEM Paulik - Paulik — Erdey. Termiskas degradacijas process notika slapekla plisma,
temperatiiru intervala no +20 °C - +1000°C. Temperatiiras aug$anas atrums - 10°C/min, parauga
lesvars — 0,1 g. Ka etalons izmantots Iidz 1200°C parkarséts Al ,O,.

Rezultati un to izveérte jums
Ar pretuguns aizsarglidzekliem neapstradatas un apstradatas koksnes termiska analize.
Termiskas analizes dati parada, ka neapstradatai priedes koksnei aktivas termodestrukcijas
process notiek 235 - 385°C temperatiru intervala (3.1.tabula). Maksimalo atrumu process
sasniedz 340°C temperatiira. Aktivas termodestrukcijas procesa veidojosos gaistoSo produktu
daudzums sastada 57% no kopg€jas parauga masas un to daudzums palielinas lidz 70,4% pie
500°C.
Salidzinot ar neapstradatu koksni, koksnei, kas apstradata ar antipiréniem termodestrukcijas
maksimalais atrums tiek sasniegts divas stadijas pie zemakam temperatiiram un ar mazakiem
masas zudumiem. Karbonizetais atlikums, kas veidojas aktivas termodestrukcijas procesa ir
vairak termiski stabils koksnei, kas apstradata ar antipir€niem. Temperatiirai sasniedzot 50C,
apstradatai ar antipiréniem koksnei kopé€jais gaistoSo produktu daudzums samazinas un
palielinas nedegosa karbonizgeta atlikuma iznakums.
1.tabula
Neapstradatas un ar antipiréniem ,FAP” un,BAHH-1" apstradatas priedes koksnes
termiskas analizes dati

Aktivas Aktivas Aktivas M asas
destrukcijas destrukcijas |destrukcijas max | zudumi pie Pelni
Par augs sakums beigas temperatiira 500°C (%)

t'C % t'C % t°C % t°C %
Neapstradata| 235 2,1 385 59,1 340 70,4 900 0
koksne
FAP 205 24 360 53,7 250, 310 69,7 875 | 3.1
apstradata
koksne
BAHH 225 2,6 375 52,1 265, 310 64,1 909 19
apstradata
koksne
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Ar pretuguns aizsarglidzekliem neapstradatas un apstradatas koksnes analitiska pirolize.
Izp&tot analitiskas pirolizes metod€ identific€to gaistoSo produktu sastavu, kura ietilpst ka viegli
gaistoSie gazveida savienojumi, td oglidenrazu un lignina depolimerizacijas monomérie
produkti, ir iesp&jams izsekot koksnes kompleksa kimisko saiSu sarauSanas mehanismiem.
Analtiskas pirolizes rezultati rada, ka koksnes pirolizes procesa izdaljjuSos gaistoSo
savienojumu sastava ietilpst visu triju galveno koksnes komponentu monomérie savienojumi —
celulozes  (hidroksiacetaldehids, 1,6-anhidroglukosaharides-piranoze un -  furanoze,
oksimetilfurfurols, u.c.), lignina (gvajakols un vina atvasindjumi, karbonilsavienojumi) un
hemicelulozu ( furfurols, etikskabe, formaldehids) (3.2. tabula).
Ar antipiréniem apstradatas koksnes pirolizes procesa mainas gaistoSo produktu sastavs un
daudzums. Antipiréna “ FAP “ ietekme analitiskas pirolizes procesa izpauzas celulozes
destrukcijas produktu daudzumu samazinasana.

2.tabula

Neapstradatas un apstradatas ar antipirenie m koksnes analitiskas pirolizes (inerta
atmosféra)/ ,atras” pirolizes (gaisa klatbiitne) aptaklos veidojoSies gaistoSie produkti

N.p. | Savienojuma | Savienojuma | Relat.,vielu | Relat., vielu Relat.,vidu
K. nosaukums | izdahi§anas daudzumi daudzumi FAP | daudzumi
laiks neapstradatai | apstradatai BAHH-1
(min) koksnei (%) * | koksnei (%) * apstradatai
koksnei (%) *
1. Oglekla 4,9 29/0 46/0 3,6/0
dioksids
2. Formaldehids 52 15/0 281/0 06/0
3. Metilspirts 5,6 0/0 0/0 0,3/0
4. Hidroksi- 7,8 23,4/0,1 8,4/0 40/0
acetaldehids
5. Etikskabe 8,5 38/79 7,5/10,7 3,3/6,8
6. Furfurols 16,9 2,6/1,7 29132 42125
7. Gvajakols 30,7 3,1/2.1 8,717,7 2,712,.2
8. Levogliko- 35,5 0/0,2 0/0 3,3/9,2
zenone
9. Metilgvajakols 36,0 4,0/3,0 19/17 55/3,1
10. 1,43,6- 41,8 0/0,3 0/0 1,1/2,4
dianhidrogliko-
piranoze
11. Etilgvajakols 42,8 0/21 0/38 34/15
12. Oksimetil- 44,7 3,1/3,0 0/0 6,2/3,7
furfurols
13. | 1,6-anhidro-3- 46,7 0/0 0/0 19/0
oksigliko-
piranoze
14. | Trans- 49,0 3,710 3,8/0 32/0
izoevgenols
15 Vanilins 50,0 0,3/0 0,2/0 0,2/0
16. | Levoglikozans 59,8 53/14,3 0/1,6 31,2/32,6
17. 1,6- anhidro- 65,0 3,7/0 3,0/0 1,7/0
glikofuranoze
Kopa: 57,4134,7 43,8 /28,7 76,4 /64,0

* koksnes analitiskas pirolizes ( inerta atmosfera ) / “atras® pwrolizes ( gaisa klatbiitne) aptaklos
veidojoSies gaistoSie produkti.
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Hidroksiacetaldehida daudzums samazinas no 23,4% Idz 8,4%, levoglukozana un
oksimetilfurfurola starp pirolizes produktiem vispar nav. Gvajakola daudzuma palielinasanas un
metilgvajakola daudzuma samazinasanas liecina par alkil — aril saiSu sarauSanas katalizi lignina
struktiira. Ugunsaizsargajosa sastava “F AP ietekmé koksnes pirolizes gaistoSo produktu sastava
1,5 reizes palielinas oglekla dioksida un toksiska formaldehida daudzumi. Antipiréna ,,BAHH —
1” darbias mehanisms ir savadaks, par ko liecina atSkirigs gaistoSo koksnes pirolizes produktu
sastavs. Galvenas atSkiribas izpauZzas ogludenrazu komponentu sastava. Lidzigi ka ar antipir€na
-FAP” koksnes apstrades gadljuma, gaistoSo produktu sastdva samazinas hidroksiacetaldehida
daudzums.

Apstradatas ar antiprénu ,,BAHH -1 koksnes pirolizes gadijjuma tiek izdaliti jauni gaistoSi
savienojumi — levoglukozenons, 1,4:3,6-dianhidrogluko-piranoze, 1,6-anhidro-3-oksigluko-
piranoze, kuri neparadas neapstradatas un apstradatas ar antipirénu

“FAP“ koksnes gadijumos. Sini gadfjuma gaistofo savienojumu sastiva 6 reizes palielinas
levoglukozana (galvenais celulozes depolimerizacijas produkts, kura veidoSanos katalize
celulozes apstrade ar skabju reagentiem) daudzums. Antipiréns

»BAHH -1 rada mazak bitisku ietekmi uz fenolu tipa savienojumu rasanos, kas i lignina
galvenie destrukcijas produkti. Seviski japiever§ uzmanibu tam, ka apstradatas ar antipirénu ,,
BAHH -1 koksnes termodestrukcijas gadijuma gaistoSo produktu sastava tika identificéts tads
toksisks savienojums ka metilspirts, savukart formaldehida veidoSanas tiek inhibéta.

Ar pretuguns aizsarglidzekliem neapstradatas un apstradatas priedes koka “atra“ pirolize
gaisa plisma.

Eksperimenti ar koksni “atras“ pirolizes apstaklos gaisa plisma tika veikti ar mérki izpé&tit
gaistoSo produktu sastavu péc iesp€jas tuvak realiem ugunsgréka apstakliem. TieSi “atras®
pirolizes apstakli patiesi raksturo koksnes termodestrukcijas procesus ugunsgréka laika, jo
ugunsgreks ietver sevi dazadus attistibas posmus. Ugunsgréka laika novero gan koksnes ilgstosu
kv€losanas periodu, gan straujas termodestrukcijas periodu - pirolizi, ka ari beigu periodu —
gaistoSo produktu degSanu.

“Atras“ pirolizes procesa gaisa klatbiitné netika identificéti jauni termodestrukcijas produkti un
toksiski savienojumi (3.2. tabula). Lidzigi ka analitiskas pirolizes procesa, galvenie neapstradatas
koksnes ogliidenrazu termodestrukcijas produkti “atraja“ pirolizé i levoglukozans, etikskabe,
oksimetilfurfurols, furfurols. Sakara ar izmainam termodestrukcijas reakciju mehanisma, “atraja“
piroliz€ neapstradatai priedes koksnei palielinas levoglikozana daudzums un proporcionali
samazinas hidroksiacetaldehida iznakums. Tapat ka analitiskas pirolizes procesa, apstradatas ar
antipirénu “FAP* priedes koksnes gadijjuma “atraja* pirolizé tika identificéti $adi ogludenrazu
komponentu termiskas destrukcijas produkti — etikskabe, furfurols. Lignina galvenie
termodestrukcijas produkti “atraja* pirolizé i gvajakols, etilgvajakols, metilgvajakols.
Apstradatas ar antipirénu “BAHH - 1 priedes koksnes gadijuma ‘“atraja*“ piroliz€ tika
identificéti $adi ogludegrazu komponentu termiskas destrukcijas produkti: levoglukozans,
levoglukozenone, etikskabe, furfurols, oksimetilfurfurols.

Summary

The aim of this work was to investigate the composition of the volatile compounds obtained in
the thermal degradation process of wood treated with fire-retardants of different mechanism of
action so that to compare the efficiency of their action and to identify possible toxic pyrolysis
products.

The data of thermal analysis show that the active thermodestruction process for untreated pine
wood occurs in the range 235-385°C. The process reaches its maximum rate at the temperature
340°C. The amount of the volatile products formed in the active thermodestruction process is
57% from the total mass of the samples, and its amount increases up to 70.4% at 500°C.

In comparison with the case of untreated wood, the maximum thermodestruction rate for fire-
ratardant treated wood is reached in two stages at lower temperatures and with lower mass
losses. The carbonized residue, which is formed in the active thermodestruction process, is more
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thermally stable in fire-retardant treated wood. When the temperature reaches 500°C, the total
amount of volatile products decreases, while the yield of the non-flammable carbonized residue
increases.

A study of the composition of volatile products, including both easy-to-volatile gaseous
compounds, and hydrocarbon and lignin depolymerization monomeric products, by the
analytical pyrolysis method makes it possible to investigate the mechanisms of the chemical
bonds cleavage in the wood complex.

The results of analytical pyrolysis show that the composition of the volatile compounds released
in the wood pyrolysis process includes the monomeric compounds of all three main wood
components, namely, cellulose (hydroxyacetaldehyde, 1,6- anhydroglucosaccharides — pyranose
and furanose, oxymethylfurfural, etc.), lignin (guaiacol and its derivatives, carbonyl
compounds), and hemicellulose (furfural, acetic acid, formaldehyde).

In the pyrolisis process of fire-retardant treated wood, the composition and amount of volatile
products changes. The effect of the fire retardant “FAP” in the analytical pyrolysis process
manifests itself in a decreased amount of cellulose destruction products. Thus, for example, the
diroxyacetaldehyde amount decreases from 23.4% to 8.4%, while levoglucosan and
oxymethylfurfural are not observed at all among the pyrolysis products. The increase in the
guaiacol amount and decrease in the methylguaiacol amount testify the cleavage of alkyl — aryl
bonds in the lignin structure. As a result of the action of the fire-retardant formulation “FAP*,
the amounts of pyrolysiscarbonic dioxide and toxic formaldehyde in the composition of the
volatile products of wood pyrolysis increase 1.5 times. This is typical for “FAP” fire-retardant
formulations.

The fire-retardant “BAHH-1" action mechanism is different, which is testified by a different
composition of wood pyrolysis products. The major distinctions manifest themselves in the
hydrocarbon components composition. Similarly to the case of treatment with the fire-retardant
“FAP”, the amount of hydroxyacetaldehyde in the volatile products composition decreases.

In the case of the pyrolisis of wood treated with the fire-retardant “BAHH-1", new volatile
compounds - levoglucosenone, 1,4:3,6-dianhydrogluco-pyranose, 1,6-anhydro-3-oxygluco-
pyranose are identified. These compounds are not observed in the case of untreated wood and
that treated with the fire-retardant “FAP*. In this case, the amount of levoglucosan (the main
product of cellulose depolymerization, whose formation is catalyzed by the treatment of
cellulose with acidic reagents) in the composition of volatile compounds increases 6 times. The
fire-retardant “BAHH-1" shows a pronounced action on the formation of phenol-type
compounds, which are the main lignin destruction products. Special attention should be paid to
the fact that, in the case of thermodestruction of the wood treated with the fire-retardant “BAHH-
1”, a toxic compound such as methanol is identified, while, in its turn, the formaldehyde
formation is inhibited.

Fast pyrolysis of wood treated and untreated with fire-retardantsin the air flow.

To investigate the composition of volatile products as possible closer to real fire conditions,
experiments with wood upon fast pyrolysis in the air flow were conducted. Fast pyrolysis
conditions directly characterize the thermodestruction processes in the case of fire, since a fire
comprises different development stages, pyrolysis being the first stage.

The results of the study have shown that analytical pyrolysis is a modern, precise method for
identifying the toxic compounds of volatile products in processes of both wood pyrolysis and
combustion.

The application of analytical pyrolysis enables a prompt determination of the fire protection
degree of building wood constructions.
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Secinajumi

1. Pamatojoties uz termogravimetriskas analizes rezultatiem, var secinat, ka apstradajot
priedes koksni ar antipir€niem “FAP“ un “BANN-1”, tiek panakts bitisks koksnes
materiala ugunsaizsargajoss efekts, kas balstas uz pirolizes procesa izdaljjusos degtsp€jigo
gaistoSo savienojumu daudzuma samazinasanos un aktiva koksnes termodestrukcijas
posma novadiSanu zemaka temperatiiru ap gabala.

2.  Analitiskas pirolizes rezultati parada, ka apstradajot koksni ar antipir€niem, tiek izmainits
koksnes pirolizes mehanisms, ka rezultata palielinas toksisko savienojumu daudzums
gaistoSos produktos. Apstrades ar antipir€nu ,FAP” gadijjuma 1,5 reizes palielinas
formaldehida daudzums, bet “BANN-1" gadjuma formaldehida daudzums samazinas
salidzinot ar neapstradatas koksnes, ta¢u nedaudz palielinas metilspirta daudzums.

3.  “Atras‘“pirolizes procesa salidzindjuma ar analitiskas pirolizes datiem netika dentificéti
jauni toksiski savienojumi.

4.  Analitiska pirolize var bt ka misdieniga, preciza metode gaistoSo produktu
toksiskosavienojumu noteik$ana ka koksnes pirolizes, ta degSanas procesos. Izmantojot
analitisko pirolizi var atri noteikt celtniecibas koka konstrukciju ugunsaizsardzibas pakapi.

Pateicibas
Izsakam pateicibu Latvijas Valsts Koksnes Kimijas Institita Lignina Kimijas laboratorijas
pétniecei Vilhelminei Jurkjanei.
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