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1 Heat Release Rate (HRR)

2 Char Residual (CR)

3 Time to Ignition (TTI)

4 Limiting Oxygen Index (LOI)



\yag )Lerv A o)Lo.,.':: ‘M JLM: ‘U‘))‘ els 9 9> GL»& 41.7(A

\ \'F‘\/

saiolil &)l laie ;e an g o)1 s aslal
Sleasalil &l aS el an aorg L ath oo (tals
HIr ¥ ogas Hlsl oy wsle Joone slapocdy 3152
R A FSI S
lr b Sady osr lay jaalS 5o a0
S 3ok S slooaisS b (g ey diej 00le I iy
Gials 3l b sasoll &l e o les 4
O Y 90,8 4 008 S5m0 23 Slge (ol LN Lk o0
Ol e ShalS (S s sleca jeelS
g Cdl )T jgman 0S e Iy (6 iy Dol ealoly]
G2LS ezge S L ol el boniiS g o b
Sl ol e o 3l beaiolyl &yl > lde
osls g9 99 3l loojp—r colaiwl e > o —salS
s (001 s 0 Olgo yylas 4 bl S) 0 s 0
Ol ey 5eS Ay jshar 0 oo by s
oXigdsp y5ie Cudl )T a0 O (slyls CujaalS jo saial;l
(ATH) 0S5 )t s ipseesl] 9uo)3 O b ol jan (EG)
Blo CBlS o5 Sl )0 0l JSis 4 1058 o0 omlive
T ad g oad jdgyaee Sl ol 18 lals La]
O pz 20l Gl b bl o) ams o alS |,
DVF] oS o Jlee!l lad (31s slaasY a5 034 ol o
ST cge wle =3y S LSis L ATH feiomes
3550 EG gl 53, 2 o815 JES 4Y (5,5 IS
Sloul odigs o ygte odlF a8 goladl g cailos [17]
150 ool &)l melS 4 e Colgsye WS oo
So olgmedn 45 2AI(OH)3) ATH 00,5 oo &l o]
Srmedly Slge sl 9all5 5 Ceao )l 0uiiS g
d E9 D ugrbes 4z )0 TV - (glod jo wenl ke
Sy gk oS 5 ol DN 0 e )l
b 65,51 Bpae pogdle g oud 455 n; pSLe)S

DY) ass o adgs O

2Al(OH) , —» Al,O, +3H,0 )
AH = 298 KJ/mol

B3y 2 ge 9 00 b3l 2aSTy (b oadadys o
cbile alS L oo, e Jlemal LB glagls o

1 Villi like particle

O obl He g el eols (1,8 Gl Jeexs sleo jo jlade
|) l_(buT CJ@» 9 oo; C)L‘;' UT )‘ ‘) La:d..s}o.: LS’L") alols
i 5 039 ALolidl 5 03,5 Sis 5aElS Jlatwo L
9 u—l UJ_‘> u‘)—».b ‘WLQ;)Q RUW) Ls)_jo)ld_a‘ l_muT

A G\Ml?ua ) .laslj) )‘ oolazwl l.v CrolBs §MS|5

m, —m,
m

M = x100 )

(3o ) T 5 5abse ploj ;o Cush, Lix e M
039 Me @5 (5 y98bgé 5l B aiged K23 (359 Mo
Lol (p )T (5 y9abo (Lo y0 Aiged

To 100 ™)

TS =1
TO

(o) t 5 5abse by 10 Cwlrs SauSly TS
Calbes Ty (o she) Sis Cl> (o diged Cules Ty

Lol Grohea) Tisy9abge loj 5o diged

SPSS Version (g,Lel ,l5-8ls,5 5l eolatwl b gl
gl o a8,b S Gula)ls anies b B 016
2 8,5 18 dedisan 1o 9590 w0y A0 el
G09S g Al I3 e WS 3925 O j90
s bl 5SS yge5T 5 ool b o eSile

oy g b

ST el

Sy 5l as ols las abol> gulis Lulls 4320
25 Laiej5eelS (6,5 T ols> (595 2 00T gm0
TP U K- DLW R NP PP IR W-SRR VA B FUON 21 i v
ol el oo @l Y ISs o calisee slales saiol;]
O3=31 5> G5 oihls g0 (aSLd (oSt el
ol 25T ol saims lis g 0o by e iwls S
! ool aads Y B Y o ealsljl &)l > lade
g s o all 15T (5lS o)l gared),l Sledlbl
Siwiis] 5l il Jleil &l e b it alal,
Oty g g0 00l VS j0 aS @i len o )ls
l_g ] uaJl} J...:‘GLA LY Jaﬁ.t).,o o..\.wo‘)] u)l)_> )L.\AA



wdelS e 61531 3 Jol 6@;@.»? S,y i g 6 o P8 S § L8, asllao

2SeyS STy S e g ol3T sla sl ¢Sl S
500331 sl Lol g acals o oadaljl &l > lade
9 39k S oo olowl S35 gy sla STy
J=B lajl5 L opedle () 528 5l Jol> STisal
Loyl il e 38, 1, Loyl 5 0ol bolse Jlazdl
\u‘:;_ao Jole laeas 00iiS jgum 0 03l ol 5l Jol>
[¥Y] 50,5 e JLe5 ¥ (6 S USs Gl g

\A/
&l e (Jlesl o slals g ST byl
olined VY] wb oo pals gl aaSTy b sassls]
Y oSis L oigdp pgie Codl S b oS 5 5o JTe
iy 3l cesiles g JLES

Ol Sladie (FenST (y0
51 (MB) &l ygm pmadle [F] s o 2lS 1) ool
odigdip 5o CedlS L olyer Dglite il iz 3k
o3los (OS2l (G 00 S8 50
STy S b Sl A ple 0 g o

Q. -
3 a
H A i T
= B3
I '
D) T
‘.“E‘ o | T
0
s‘i c
3 & 4
~ 'JI: d d
:ji e € I T
3 T i
9 v ik
%
3
% Y.
ko
]
PE WPC WPC+10%EG WPC+5%EG+5%ATH  WPC+5%EG+5%IP  WPC+5%EG+5%MB

ol —e o)T o jguols o»\.&.ﬂ}i Oyl lade p alidio 0ucS jguw 390 lgo ).;.a;b =) s
(ol 55513 5055 S0t Y S g,2)

OemoMo 13 092> ge a8 gy .0 cdwline do o YY/F
g ypaie 90 cplailS Joe JLS 4V LSy ol
9SS gige Syl d o oleer b Lo STy
A o S JLES adg Caaw 0 | (0,5 ST g0
48 g aalys  ladloe glany LSas s [YY]
L1y sl 8 sLafl5 5,5 5 (e (s
a8 Cowload adtine (pizred Ojle oo axlge Sl
Hobosop 5 Jobo JouS'g)on sloog S L 4S5 50 )9
(_g)_.fu,u_’] QLA) = LS o..)...,S)&,..J).;..\, o|5.n )J‘

! Blowing agent

5 Okl 3l 5l e easle B JLES Sl
sads ools L ¥ S jo ol 5l Jols slacy jemlS
O3S g 13 Slgs Jos pudlSo g pi5 Al [0 ]
B8 b slail (6,95 09 oo g rhae iliSe slas o
o o151 cmilon coge 45 (glains 4 LSS
g ool 4 GiaST G S 6T gl )]0 slaslE
yeboles sl lgiwl YU slales ply jo sole cladlxe
Slocie 03iuS jguw 10 olge J.ub Cot g oo oddlin aS
alics cpl sl oo Sl iy j9.alS 5o onilendl JlES
5o oasilendl JLed Jlade p yeS Ll 00iiS jgu o
22 Ol Gyt 5 90y A sl (Alls Ll oy
s MB ao 5 O Lol e EG o0 O sl cujeuals



\yag )Lerv A o)Lo..':: sp.:..mh JLM: ‘U‘))‘ els 9 9> GL»& 4.1.700

\ \\‘M/

asly als (Al L1l b alis o Setdyosy
5,1 ole,S crd b o wglas 5l ol altus (pl ool
ez 53] Fomly o Syl el Bl 5 g2
as (VA KIKG.K) sl L b aslis jo (VY kilkg.K)
Egyd Slp S kS a 9> .)j aS ol e el

Ive1 sl 5k gl

Ol ¥ ISl o (T 5l ol glacys5als 5 sl
Sl Slojmane samolis el bl ol ool ools
93,0 5L ol Bl an Gaew; (Sl aSged a5
Wil S Yk ple il am ;e (g ns el
A 1o ah e sualie a5 4555 lan el Ssllae
S350l (55 AT o 0aiiS gm0 Slga 55T 5|

:"3’
e Yo d I
2
Yy
_q' T
BT *
<
) ) e
5 A
ottt
PE WPC WPC+10%EG ~ WPCH+5%EGH5%ATH WPC+5%EGH+5%IP  WPC+5%EG+5%MB

ol o a,l Sy jarols ouilo Bl JLES Hlado p alisio 00dsS jgm 0 dlgo ).ui.'f L)

Ve -
a
T
s T b r b
T
S c T
) )
1 -
; d
R I €
T
9 T
5 v
~ [T
PE WPC WPCHI0%EG ~ WPCHS%EGH%HATH WPCHS%EGH%IP  WPC+5%EG+5%MB

ol — sz 05T G jasals’ (6,5 (T o ey Cilisin 0uidS jgmw 0 Slgo ST -1 JSCi

VPl oS e a0 W8 Sndhiosz 5 68 ]
EG un,0 0 lylo cjoumals jo ol o iy g 4l
e o saalive aoli #1 oy ATH 0o 0 0 b ol yan
5 (b OF)MB 5 EG (sl cmjonslS (5 =5 i

aio) o=l 5o Lalls Lol s a4 s S g
S s5-a> Ly o590l (5,5 T Gl o iy
Ol (eSS aS (g ebay olo lid iuli8l eaisS jgum o



wdelS e 61531 3 Jol 6@;@.»? S,y i g 6 o P8 S § L8, asllao

0D OB g Sy (i 45 (5 )5bod o3 s
00— jow 3 w8l St o S jeelS
O shyls cieumalS o ol o idas o (YA/F mm/min)
(YYIY mm/miny ATH oo )0 8 Ls el ;o EG a_syo
Oy 5 g S sl yelily 9550 53 0l coaline
DS e 3 |y oot BB (il Salam g S T
5 &S T oy phlidl czrge YUy (51 colan
2% Aged 45 5900 B9 oo (g Lt p LS
L slgs gl 025 )13 (205 Gl e o xe
00 )5 elaiand 5l s JESl VL 5, Culan
9 4B Do (5t gt L Laceons plo @
Sk o=l g 09-don (mdge slod ralS iz ge
Gl S T ol 5 G2l ) RS g s s
5 ol Salr L aSpain s e seiesl] e oo
1S o] SlostiS s 00 olge alaz 3l YU sloS o Lo
3l 00iiS g o oole ! WS o Jos il ()l L
S b ol sz B polie o, Sl b
S )i g L e 215 )0 WIS e 5 (Sl
5 g St g 352 S0l Olgise IYYT 0l sl
$EG (55l slacayj5als (6,5 151 ooy o YL
ld G i cpl 4y b yles pl &0 cd 1, ATH
3,8 Slsren (V- - ) o, Ken 5 Garcia slaaidly L a5

Il

\AT/
obe; 3l 5 Yeb (a5l OY) IP g EG (sol> ujonals
Olsean alaia EG 1 a8 ol 500lS (6,5 51
Oboy Ll o o0 0500 (a8l ¥O) 0uiiS jgm o Jsle
Slya joax 5l 0 Laceyjsals jo 6,8 i
O 9o hlidee il diz § bl 0aiiS e s
J—e @be S Culas 6555 el 1w ATH 5,5 oo
oS @bl Gl 1 6,955 S (o
S5 Ol Gy 4 e oS el lgtl Cojapels
el s LeyS @oa 5l g oot osls yuslyw )3 (2le)S
JRREVIK RUEAPS VUS| PRCH LN (L RV POV I
o0 5,135 5 laiegn ple o ST by 9,
SeVeb g 45 (6,58 pualSe LYY -] col
Y LS5 g oo oy jerals (5 S 15T ey s
00iS 55w 530 Sle gliilen Sl Lo 4y el IS
Slac el 5 Ll JES aY ol JuSts il
5 sl iy IP g MB L ol o EG 00t jm0 50 55l
Lo jseals” nl 6.5 5T Oloy oo S Vsb 4y e
RO PR
Ol 5l ol glocysals 5 (il (25 gms e s
AS 0gd o odnlio .l oal ool L S o
L el ol b analin o Stdlicosz o jgalS
0298l Ceizred D9-b oo Bl s (6t S
GRalS 1 oy 5000lS (i g Sag p 00iiS 9 0 lge

£0 - a
Fo b I
.
;‘ o - =
: c c
3‘ ™ T T d
'1) T e T T
- Y - 1
2 L
1o !
3
3, '8
kS
b
Z} \e
N N
PE WPC WPC+10%EG ~ WPC+S%EG+S%ATH WPC+S%EG+5%IP  WPC+5%EG+5%MB

Il 2oz 35T Gy janolS (355 gus a8y ilisin 0T jgms 13 Slgo ST —F JSCi



\yag )Lerv A o)Lo..':: ‘M JLM: ‘U‘))‘ els 9 9> CJLM 41.7(.0

< \M"/

(ATH) 3S 50005 ySpg—iogll aoj0 O Ly of o
Bl CBlS o5 Sl )0 0l JSiS 4 1058 00 omline
e ATH (51> 4525 35800 OmST 4 (o s
iS50 F38) crge 4 258 0 o b oy 4y
PR PSEENORICTS JURIS SEPRRH
OS (aLs Gial i3l 50 anS'g 0005 5 p 9]
sWang lawgs b ,sl s ~lblwg il L slapsd o>
5 o VPl cal ot 3155 50 (YY) o Ken
Sl edle () iz 5l el Sl
LS Y x5 ISE Rl carge s Jole Glarea
OieeST eble 5lw i, L Koo Bk 5l g 005 oo
S-S 0> S| (arld Gl carge sz ge
OMIDE K & IS gt SN [ JOV-SUNFSN N A g JR 8
Oy 3l Semlos g (JLES aY JoSi5 L osigdip o

Lev] ses o (a1 1) oSt 4 5L s

.,
L
FH

(1) oo eS| aslis
&
ih

OeST gLl (59) g liSie 00iiS j9m 0 Slge S

0 Ui ,o T 5l Jeols slac el 5 sl g0
D9 oo oddlio 45 a5gS loan el 00l ooly Lis
2 SEloga Cajenls ga (ST e ls
ol am i cplicad YL alls LSl b aslie
Cjspels T 0,8 gl a S el (e
Oyge gty pals Gl 4 Cans Sty ooz
heasibos &b 5l B> Glibl slats) 251005 o0
oS bl WS o Jos (251 gie 4 05081 e,
Ole Jaitie (gl VL (g ST (el b olge
Sggm Ly s (5eeST 5l 6 pin il any 5L
JSs 0 a8 jebolen [F] wi axalys hgels (s i
088 jgm o Slgs jgmam 31 8 0 o cunl i O
S Sl 4Bl Aol oy 50melS (oo (ST 2> Ls
38bes (i sl ] S5m0 Pl S5 5| S
(EG) ouig—isp a0 <ol )3 s )0 O gl)ls Cujemels o

bc

i

HH

I+

PE WPC

WPC+10%EG

WPCH5%EG+S%ATH  WPCH5%EG+5%IP  WPC+5%EG+5%MB

il ~ ez 05T G josols Guo (yiumST (as sy Giliiss 0uiiS jom 15 Slge il -0 JSo

g0 00055 jg—wiS ool jgia aBly )0 ol Cous
Ol 5 oo o)l i Sy s 45 550 0
CheS AR g 00 S (2954 (51 o ailate)
ol ol Sy jeels (Sl ploial ] wa 5 Jla!
Slgs 5y dn e cde an s B,k 51 VA 5V F]
el wwslo anlp b s of by adg g oot jgmas
o eyl ] A 0ull diged B Is (o Sl sl

D7) 098 o cojonals Jo (SeilSe (plgs als

S o195
Sy 15U as ol s Ll s 4555 ges] guls
s 53 o jealS (Sl (gla T 2 oatiS gmssS
Y Jsaz 0 a8 jablen cwl o sixe 790 Lol
a4 u_ojl.ﬁa 9 Wa.o} ‘WJ r:lS.?b.m‘ ‘09":36" odnlice
SedlS 00uiS jgwiiS dlgs jomha> Sl 0 Ladiges 4o
o Ol ) Cajeels ;o (Sl el rals il oo
Sl 4o oolo g 0uiiS 5 Slge o s S



W ez glgil 5l Jols slaojluaiz ) s 5§ pduca Picen ) L8, axllas

\Af/

aliizn 0US jgu 10 Slge il ot SKusdly ©92 Sy j9p0lS SuilSn plgs —¥ Jguer

5 4y Cueglie
, b e (phed Caeglie LAaS Jode (SAES Zueglie . o)l
2 Je5skS) Hloalé oL oL LIS bl Slewi oS s
(a0
Yo ° V00- /%0 ° vevs VYO YY € YY/-q ¢ PE \
A YYAD/fY AR VOYA/FA YENE® WPC Y
Vv ° VEen/-v € YONA yray/sy © YeAY ® WPC+10%EG ¥
va vear/sa ° Ysive VEVY/OY vasy WPC+5%EG+5%ATH ¥
VIA® \SOAIYE veiva® VErAaY Yol WPC+59%EG+5%IP 0
VIA® \syviar > veny® Ve ° veay ° WPC+5%EG+5%MB 5
03 j9miS Slge 45 3,5 o LSS inl Blgion | Aline S8 rlys
O ailaie) Jlail gl )0 (Saiws S5 &b Sy 5l aS ols las il ls 4508 (yges @b
Loy, 5y o yiws (Ol b S 25 5 (558 g 5o lajsals (S5d sl Shg y oS jguwass
ool casb, iz po cwlul (285 a5 JouSg 000 ¥ Jgo j0 45 jebilen ol o sixe 720 liceb)
Sl 5 ol Gz il 4y oie g ooges ilul Ladiges colbius (SaniSly g ol G g o ssalin
I 50T 088 o cajorals o calsns ol s oo il 531 00t 5 5usnlsS slge g 1 4o

iz oS gus 10 Slgn il Coi SKstwdly Qo Loy j9relS (K 5ud (ples — T Jgux

(3w,9) Cuslies  Farisly (22,0) ol wi JONCINt o 0 lecis
oeq ¢ A PE )
Yisy © o/fY € WPC Y
vy vive *® WPC+10%EG ¥
o) ° v/fq WPC+5%EG+5%ATH £
o/fA® A-o° WPC+5%EG+5%IP )
vE© FIVY € WPC+5%EG+5%MB [
Sz Sl j5alS g wVge,d s 0aiiS 55w o S S Az

L""":)_""' 9 OMO‘jT "))‘)"> )"'\"LO u’“’mls et ‘S"*""M" - Lo OALLS)'H).].\) 0‘9_0 )_a‘ )_._‘>‘ w.mj).t B

Jed jlio 5 ¢S STl p3Y loy (il 5 (259 O N PRSP, P WP SUONL JpP S R I CE )

dalie 0 Sy 097 Saieell 05 o ol By S3l> slatajonels diwly (nl 5o 285 )18 (o) 23590

DS 0,5 0y (6 ,eS Ol alls Bl L L alo e LMt a8 b walies o0iS g 5o lge

a3 B s cmy sl po euiolil )l > i wali o ,Soslasil o ogte  miwle S yge5] g o

d.__.«a)éaL_go‘)__w (EG) odig—Lp yo—o &_4—.&.5‘; 65))%(5215&9‘_4,—;}::5 L5L"°Q9‘°)']5L§')‘> O s

o ol oaalive (ATH) s’y 0005 yipseies] Slgo 095l ol lozs gl .oes S slsul Lag]



\yag )Lerv A o)Lo.,.':: ‘M JLM: ‘U‘))‘ els 9 9> GL»& 41.7(A

< \é(}/
g0 0AiiS jew pd Sy o yga> Sl 5 AT Wl astie
3l OS5l g i cdale o fasle 8L Jaiin (ol
S0 aS calu I al Laaisl sanpes oils asalys
o~ o‘)_o.ib oJ.L.ISjﬁ_..u =0 oole &y 9o )l oolarwl cdl>
0‘9_9 )_f.io l_' o‘)_o.ib 0&5_..':: ‘5)5_».@ u_d‘)f =
g el F sleolaiwl cdls an i 00iiS g o
oellas Ly, ATH ao s 8 L ol en EG as)s
Sl 5 (o508 slaggsl @b g s 1) ols>
PLE S PRVEL SRR PPl P U N o
oSty g ol Gaz 5 Luals leaiges ol ay,s 4
T3 Sl o ol slaassly .l o il caalin
S8, 5lel 8 dage pf pde 00S jous o Blge a5 Coul
95 7 ite e Sdly oz CueelS 6 S 51
Wy a dmogs 1A ol o] (SlKe 5 (Sod LolgS
6‘/.: °J‘9‘U w)}.\.cls qu}cJB o ..)‘94@ L))‘ )‘ oolazwl
bl 5lanl 5 (SHlSe pllovinl &5 gy Ll 20
8 s Gl b el 10,95 5 6 5L coenl 5l )]

é)j laL?u‘

Sl plas |y o, Sloe oy i asdllass g0 olg> =51 50
oaiolou! slawil 5 cesilon 4y B, bS5l aliue oyl
NIRRT SRS PORTAE R
STy b a5 arS g 0ms Spaniedd] 1SS Sl
Slafe i Ol oold Cod WS oo 0y i Ol
Y LS sl Sl egiay a5 sulogdly JId
EG ao s 8 )l cyjomels o ol obilas JL3
9 592 4 eyl ol Cde ol osalio MB us,0 O L ol jon
G (At lad 5 Slygy Geadlo )0 35250 yand
Y LSas Gl sl S yoe Jele lgieds a5 0l 0ols
oleiae (mm «65:5 W8T oy S e Jas J
Omlietl Gl 8l jlanl Gl o o sl e
5 ol el 5 oS Syl il 4 sy
LBt e ge 4SOl 0010 il 00UiS jgus o Olge jgua
LS ges 5l g oud osle by jo gle S (6551 Glass
A4S 0l et de eizmed ASS o Cailes 3l
& oAl Ll b gl ;5 Seidlosz ajapelS
L g adls 5bs Gt 9,8 Gl 658 bS5 ol
Blod ol 5l g 09t o 3l jlars (st Sy
@l Olgredr o> (5aST patla ol S pdicanl
5 )5 18 addllans g0 slge (60 Jidl annlis sl

&lw

[1] Chapple, S. and Anandjiwala, R., 2010. Flammability of natural fiber-reinforced composites and strategies
for fire retardancy: A review. Journal of Thermoplastic Composites Materials, 23:871-893.

[2] Puglia, D., Biagiotti, J. and Kenny, J.M., 2004. A review on natural fibre-based composites-Part II:
application of natural reinforcements in composite materials for automotive industry.Journal of Natural
Fibers, 1(3): 23-65.

[3] Giancaspro, J., Papakonstantinou, C. and Balaguru, P., 2009. Mechanical Behavior of fire-resistant
biocomposite, Composites: Part B, 40(3): 206-211.

[4] Stark, N. M., White R. H., Mueller, S. A. and Osswald, T. A., 2010. Evaluation of various fire retardants for
use in wood flour polyethylene composites, Polymer Degradation and Stability, 95:1903-1910.

[5] Horrocks, A.R., 1983. An introduction to the burning behavior of cellulosic fibers, Journal of the Society of
Dyers and Colourists, 99:191-197.

[6] Seefeldt, H. and Braun, U., 2012. A new flame retardant for wood materials tested in wood-plastic
composites. Macromolecular Materials and Engineering, 297 (8):814-820.

[7] Sain, M., Park, S. H., Suhara, F. and Law, S., 2004. Flame retardant and mechanical properties of natural
fibre—PP composites containing magnesium hydroxide. Polymer Degradation and Stability, 83:363-367



wdelS e 61531 3 Jol 6Lac}ua;% S,y i g 6 o P8 S § L8, asllao

\M/
[8] Abu Bakar, M. B., Ishak, Z. A. M., Taib, R. M., Rozman, H. D. and Jani, S. M., 2010. Flammability and
mechanical properties of wood flour-filled polypropylene composites. Journal of Applied Polymer Science,

116: 2714 2722.

[9] Laufenberg, T., Ayrilmis, N. and White, R. H., 2006. Fire and bending properties of blockboard with fire
retardant treated veneers. Holz Roh Werkst, 64:137— 143.

[10] Fanga, Y., Wanga, Q., Guoa, Ch., Songa, Y. and Cooperb P. A., 2013. Effect of zinc borate and wood flour
on thermal degradation and fire retardancy of Polyvinyl chloride (PVC) composites. Journal of Analytical
and Applied Pyrolysis, 100: 230-236.

[11] Andreas, M. and Hartmut, W., 2001. Injection molding of natural fibre reinforced thermoplastics.
Kunststoffe Plast Europe 2001; 91:25-27.

[12] Nikolaeva, M. and Karki, T., 2011. A review of fire retardant processes and chemistry with discussion of
the case of wood plastic composites. Baltic Forestry, 17(2):314-326.

[13] White, R. H., Dietenberger, M. A. and Stark, N. M., 2007. Cone calorimeter tests of wood-based decking
materials. In: Proceedings eighteenth annual BCC conference on flame retardancy. May 21-23, Stamford,
CT., p 326-337.

[14] Georlette, P., Simons, J. and Costa, L., 2000. Fire retardancy of polymeric materials: halogen-containing
fire-retardant compounds. Marcel Dekker, Inc. New York, USA, 245 p.

[15] Weil, E. D., 2000. Fire retardancy of polymeric materials: synergists, adjuvant, and antagonists in flame-
retardant systems. Marcel Dekker, Inc. New York, USA, 115 p.

[16] Wang, W., He, K., Dong, Q., Fan, Y., Zho, N., Xia, Y., Li, H., Wang, J., Yuan, Zh., Wang, E., Wang, X.
and Ma, H., 2013. Influence of aluminum hydroxide and expandable graphite on the flammability of
polyisocyanurate-polyurethane foams. Applied Mechanics and Materials, 368-370: 741-746.

[17] Wang, Z., Han, E. and Ke, W., 2007. Influence of expandable graphite on fire resistance and water
resistance of flame-retardant coatings. Corrosion Science, 49: 2237-2253

[18] Seefeldt, H., Braun, U. and Wagner, M. H., 2012. Residue Stabilization in the fire retardancy of wood-—
plastic composites: Combination of ammonium polyphosphate, expandable graphite, and red phosphorus.
Macromolecular Chemistry and Physics, 213(22):2370-2377.

[19] Bai, G., Guo, Ch. and Li, L., 2014. Synergistic effect of intumescent flame retardant and expandable
graphite on mechanical and flame-retardant properties of wood flour-polypropylene composites.
Construction and Building Materials, 50: 148-153.

[20] Hua, L. and Wang, Zh., 2012. Flame Retardant and Mechanical Properties of Expanded Polystyrene Foams
Containing Aluminum Phosphinate and Expandable Graphite. In: International Conference on Advances in
Energy, Environment and Chemical Engineering (AEECE). September 26-27, Changsha, China, p 223-226.

[21] Moon, S. C., Jo, B. W. and Farris, R. J., 2009. Flame resistance and foaming properties of NBR compounds
with halogen-free flame-retardants. Polymer Composites, 30: 1732-1742.

[22] Hull, R. and Kandola, B. K., 2009. Fire retardancy of polymers: New strategies and mechanisms, Royal
Society of Chemistry, Burlington House, London, UK, 456 p.

[23] Standard practice for conditioning plastics for testing. Annual Book of ASTM Standard, D618, 2013.

[24] Standard test method for heat and visible smoke release rates for materials and products using an oxygen
consumption calorimeter. Annual Book of ASTM Standard, E1354, 2016.



\yag )Lerv A o)Lo.,.':: ‘M JLM: ‘U‘)"‘ els 9 9> GL»& 41.7(A

\\\AV/

[25] Standard test method for measuring the minimum oxygen concentration to support candle-like combustion
of plastics (oxygen index). Annual Book of ASTM Standard, ASTM D2863, 2013.

[26] Standard test methods for flexural properties of unreinforced and reinforced plastics and electrical insulating
materials. Annual Book of ASTM Standard, ASTM D790, 2015.

[27] Standard test method for tensile properties of plastics. Annual Book of ASTM Standard, ASTM D638,
2014,

[28] Standard test methods for determining the izod pendulum impact resistance of plastics. Annual Book of
ASTM Standard, ASTM D256, 2010.

[29] Standard guide for evaluating mechanical and physical properties of wood-plastic composite products.
Annual Book of ASTM Standard, ASTM D7031, 2011.

[30] Wang, Q.W., Li, J. and Winandy, J. E., 2004. Chemical mechanism of fire retardance of boric acid on
wood, Wood Science and Technology, 38:375-389.

[31] Garcia, M., Hidalgo, J., Garmendia, I. and Garcia-Jaca, J., 2009. Wood-plastics composites with better fire
retardancy and durability performance. Composites Part A: Applied Science and Manufacturing, 40(11):
1772-1776.

[32] Stark, N. M., Mueller, S. A., White R. H. and Osswald, T. A., 2010. Effect of fire retardants on heat release
rate of wood flour-polyethylene composites. In: Tenth International Conference on Wood & Biofiber
Plastic Composites and Cellulose Nanocomposites Sysmposium. May 11-13, Madison, USA, p 103-110.

[33] Arao, Y., Nakamura, S., Tomita, T., Takakuwa, K., Umemura, T. and Tanaka, T., 2014. Improvement on
fire retardancy of wood flour/polypropylene composites using various fire retardants. Polymer Degradation
and Stability, 100:79-85.



Iranian Journal of Wood and Paper Industries, Vol. 8, No. 1, Spring 2017

\,
N

158

/

Fire performance, mechanical strength and dimensional stability of wood
flour—polyethylene composites under the influence of different fire retardants

Abstract

Flammability is one of the most important parameters that
often limit the application range of wood plastic composites.
Therefore, the improvements of retardancy performance of
these products have a considerable impact. The aim of this
work was to evaluate the influence of expandable graphite
(EG) and its combination with aluminum tirhydroxide (ATH),
inorganic phosphate (IP) and melamine borate (MB) on the
flammability of wood flour—polyethylene composites.
Composites were prepared by the melt compounding method
and cone calorimetry as well as limited oxygen index (LOI)
tests was employed to study their flammability properties.
Also, the effect of different fire retardants on the mechanical
strength and water uptake of samples were investigated. Cone
calorimetry characterization indicated that with incorporation
of fire retardants, heat release rate and burning rate decrease
and char residual as well as the time to ignition increase.
These findings were ascribed to the formation of char layer by
fire retardants. The combination of EG and other fire
retardants yielded better improvements in flame retardancy in
comparison to the sample that has just EG as flame retardant.
The LOI test was used to determine the lowest concentration
of oxygen at which a material will maintain combustion in a
flowing mixture of oxygen and nitrogen. The results showed
that inclusion of fire retardants improve the LOI of sample.
Furthermore, the presence of fire retardants decreased the
tensile and flexural resistance (strength and modules) and
impact strength of samples, and increased the water
absorption as well as thickness swelling. Generally, among
the different treatments examined, the EG-ATH retardancy
system showed the highest potential in flame retardancy of
composites.

Key words: cone calorimetry, flammability, limited oxygen
index, mechanical properties, retardancy.
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