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Improving the flammability and flame retardant properties of polyurethane

foam by adding lignin
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Abstract

Currently, polyurethane foam is highly flammable. This research was aimed to improve the
flammability and flame retardant properties of polyurethane foam by adding various amounts of lignin
which was synthesized from para rubber wood using organosolv fractionization method. The polyurethane
foam was mixed with 0, 5, 10 and 15% by volume of lignin and PU foam composites were formed by
casting. From the flammability testing, it was found that polyurethane foam mixed with 10% lignin by
volume showed good flammability properties. In addition, the thermal properties test by TGA technique
showed that increasing the lignin content made the polyurethane foam more thermally stable. Therefore,
the addition of lignin resulted in a slight increase in the maximum decomposition temperature of
polyurethane foam. In addition, the fire-retardant test showed that the polyurethane foam without lignin
addition was completely burned without ash, however droplets of molten polymer were observed. While
5,10 and 15% of lignin addition to the polyurethane foam retained post-combustion ash and no droplet
of molten polymer was observed. Hence, addition of lignin could enhance the flammability and flame

retardant properties of polyurethane foam composite.

Keywords: Flammability, Flame spread, Polyurethane foam, Lignin
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Jinhua, 2013) ann i 1.4.1 wansbiiuimedgSumiluidudndu o, 5 uay 10 %Imaﬂ'%mmﬁammﬁiums
aaedagegario 351, 352 uay 356 esrniTadeanUENU uay gunnfisuaniesi (Onset temperature) g3t
memaﬂuw 10% GmLLamMmummimeﬂimmaﬂuwﬂuwaasJimuIWamﬂ’nmaaaiwm’smiaummu
lesanandufininifussdia (Crosstink) A LUl uswasussfann i gaumgiimsaangsiveinedes
umilnuFafindu (Houang et al, 2017, p.3493-3501) ilefinnsanidniindesinmsnageunuiniivsinand ity
Fovsmnadndululniniuty iesmndnduiviinuaiveugadeofinmaunindasrlmandSeilrumand
WindudloUsinadniudiuiu (Houang et al., 2017, p.3493-3501)

1.5 anaannsalunisialv
nsnageuAEnsalumsialilagnaasuiismaliansiinseidsiieandiaudiin (LOI veswedys

wulnlugasnaelaiuaniuluuiinnmig 9 (0, 5 wag 10 %lagU3ung) HANTNAROULARIGRT A1 5

A1919% 5 Auaunsalunisanlnveswed muIWuamwaaLuamuanuﬂuﬂsmm 0, 5 waz 10 %lagUsuns

Pana@niiu ( %Tﬂﬂﬂ‘%mm) LOI (%)
0 20.5
5 214
10 222

iesanemausznausesuiaeendiau 21% f1ianian LOI i1 21% axdmeyluusziamdinlyils
Tuvazifangen LOIunnd1 21% vzdneglulssinviiannsadulidenuies Se3aniian LOI qeagilautins
Frununsaalndia (Raghu et al, 2014, p. 109-112) FIINHANITVAABUIINATTIGT 5 wudwwaﬁa%‘muiﬂuﬁ@u
andufiviin 5 uaz10 wlasUTunsiidddadosndiausida (LO) wnndt 21% LLamsmemwaaaimuImm
WWindnduiiUiina 5 uaz10 %laeUiias fawiRiumumsanliuazannsadulilidenues uenIINtuneAy
SunlafiAsdndulutiana 10 %lasuiinms dardwdeendiaudiia (LON Aunniigade 22.2% Usueniinedys
wulwniiAsdndulusiina 10 %lasuiums fnrwausadumunisinlniiafian dalanuaonadesiunis
nageuantaniauTeusemallanaTsiaNuaissnaauseuvesian (TGA) faihilosnnaniudenia
mnmluﬁ%ﬁﬂﬁtﬁmLﬁﬂﬂﬂﬂqmﬁuﬁwaﬂwaaaﬁmu‘leﬁ%ﬁmﬁwﬁ%ﬁaaﬂmitJamﬂﬁiaamiﬂisﬂauﬁmmsaam
Tvhlnesuniunsinlnle (Raghu et al,, 2014, p. 109-112)
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nmneaeuauasatunsamlilagldinageu UL-94 (Underwriters Laboratories 94V) vasades
muivxluqmwa'aLﬁalﬁuaﬂﬁﬂuﬂ%mmﬁm 9 (0, 5, 10 Uaz 15 %lasUsnIng Nan1svAaoULAAIAINITINT 6

M1919% 6 AuasalunisaulvvasnedeTinulnugasuaadaidndniuusuin 0, 5, 10 uaz 15 %lay
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YSanadniiu IZAVINAIFIUMTIA MIHEAVINDAIND T HADMIKAD
(% Iﬂﬂﬂ%?ﬂﬂ‘i) (UL-94 ratting) (Dripping)
0 NC i
5 NC Taigi
10 NC Taigi
15 NC Taigi

* NC: no classification
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EGGLY
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