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Combustion Properties of Major Wood Species Planted in Indonesia'
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ABSTRACT

This study was performed to understand combustion properties four major Indonesian wood species such as Albizia,
Gmelina, Mangium and Mindi were investigated by cone-calorimeter for better utilization of theses wood species. Heat
release rate (HRR), total heat release (TSR), specific mass loss rate (SMLR), effective heat of combustion (EHC), time
to ignition (TTI), flame time (FT), specific extinction area (SEA), smoke production rate (SPR) and CO compound
production rate were measured. HRR, THR and FT were proportional to the density of woods. Albizia showed the
highest HRR, while Mindi had the lowest HRR. For SPR, Albizia showed the highest value due to its higher SEA.
On the other hand, Mindi had the lowest SPR due to a lower SEA value. The highest smoke emission was for Albizia
at the beginning of combustion. After 300 seconds, smoke emission of Gmleina and Mangium was increased greatly.
Mangium and Mindi showed the highest total carbon dioxide emission. Expecially, Gmelina released the highest carbon
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monoxide during the combustion period and presented three times higher CO/CO, ratio than those of other species due
to incomplete combustion.

Keywords : combustion, cone-calorimeter, heat release rate, total heat release, smoke production rate, specific ex-
tinction area, CO compound emission

1. M =2 Jejme BAle Qi A EE Ans4gel] o
Mgt Aol Fasie oot wElste] sfejoA=
B w0 vgwsl olgrhe MYl Bope] A5 uwmA @S ot AWE L 9lotk(Ragland ef al,
2 ol3) L;FO ASARRE AFEEOIA o, 1991; Hull et al., 2007, Brostow et al., 2009,
Tole Aghd, Auks Huge] FHOT 2L Audeber e al, 2013), FfolHe] AT WA gt
T o9ty el A =AS Assls ARk (Chung et al., 2010; Choi, 2011; Park er al., 2012;
Aol wet FAFe NG e Y 2T F Son et al., 2014).
o] a7t &3 ok U BEI EAew " 69 2 BAe
Autrog EA= AERes FuHdERon =79 d5E 54 5 didskr] flste] delx
a9 5o f7]EE = o]FolA Qlom(Shafizadeh e Aystar qlck AA QlulAle}, HIEY, Ew
et al., 1976), o|2 Qs LEH O & FpAfjo] - o] e & HIEste] A AlAC] oF 339 haof] o]
oRet EAS AT olek sk A Al BAET O 2 AR Be 2Yx} wSolFlon Zash g4,
Aol 93 7FgEH nf wWE L2 3lgo] A =531 Qch(Korea Forest Service, 2014). $-&|1}
SE) ] L 2| FRE A olde A o AREHEUss mdel £7Ae] Albiza

gfjo]th(Baysal et al., 2007). Yo7} AR =87} & (Paraserianthes falcataria), Gmelina (Gmelina arbor-

o1 Qe EXFHAE= FAANES g O, ea), Mangium (Acacia mangium) Y Mindi (Melia

b AN 5E 25 slol SN A AE asedarach) 455 ZFste] 29 ol chare] =

SIE glon], BAE HANHZ AHgeZlols ofe] A QER itk A2 Kim ef al. (2012, 2014)

20| w211 Jti(Choi, 2011). 2 Albizia, Gmelina @ Mangium2 32313t 1050
e JEFA] 175CHE 39 2B on tf5}od, Jang et al. (2014)2 Mindi 9] 75=%¢| 5}

o} &Aof o3k =57], CO, % D7]§1' =t 22 o] FEslz, )z WU ogskx EAS 2AERe] T}

HA =48 AES AReR, 200CHE gnd U ZFokrol 85 97t 7|2ARE PSSl

E292, 250TCo A AEZR2, 280 ~ 500T of| A 2 dAFolA= siege 2HaE S AE Y

2|1d 0] EajEchDrysdale ef al., 1996). 450C ©] AR ZA O] B /RS HAF IR 7]2Hel o

FOR 7MY RE R 228 SUEHIAL 29 235S Briskeled, sHekd S St Alwe &

AR o] BElEe Aavt dagel A A 8% 4 ol 2ameluHYe olgsiel 454

she A8 51851 fot BAle] AASES gaN  H A7EHS 2ASr

Z1th(Pearce et al., 1981). olof wlg} =~FHZ EX|

7 AUE RS, 258 ol Ut 2o] A4S 2 ME U U

Lo Zo|7t H7H, & T LES o st

T T 27] oUA WEo] wWol wo] AdE= 2.1. SAX=

2of o]27] A7A] o w=A| ehibE| o]zl o]

= o2 #Fol gl o AP aFeE wuHo = Aol ARER SR R JAEUAloF AR 2}
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Table 1. Materials for combustion test

Common name Scientific name Location Age Density (kg/m’) Moisture contents (%)
Albizia Paraserianthes falcataria Purwakarta 6 271 10.62
Gmelina Gmelina arborea Parunpanjang 7 523 14.50
Mangium Acacia mangium Parunpanjang 7 584 13.56
Mindi Melia azedarach Purwakarta 6 493 14.44

HF2] 2] ©] Purwakarta®} Bogore]l 91x|gt cfjgtyl=t A
Yxatzasle] zyxolold A= Albiza
(Paraserianthes falcataria)?} Mindi (Melia azedar-
achy= 2010%] Purwakarta®x|Jof| ZFHE $Fo|1L
Gmelina (Gmelina arborea)?} Mangium (Acacia
mangium)<- 2009 Bogorx|Hof ZHE $o|t}.
ARE 45 ARz Ao Fedstn 244
AsollA 3L 71 = A=A A el =2
e 3 ARgSEAT 713 o] 2 FE 71 EEet
71233485 Table 19 YERWTh

A4 A2E 7 2FE BAE 10 ®) % 10 (L)
X 1(T) om® 27]9] NHOE AZBIAE. o] F A
A YRS L% 23 £ 2T, AYSE 50 £ %A 7
ol mF A fAT ke A4S At
(Park et al., 2012).

AP L 190 5660-10] ©JA3te], UakA w3
(@A lE)E ol gsto] AAssirkFig. 1). A

AP o2 &

1) FATE S H=EHS 4FE U=
A BAGe] =2 HR] =S Sk

2) Z|E 9] FFol A3k + 2% oW, HiERF
2 0.024 £ 0.002 m¥/s2 AAsIaL, AAEA7
o] Abalew7} 2095 + 0.01%7}F HE2 wAs}
At

3) A4 d4aS §7] Sl AR B 8(blanket)
E Z3 3 9ol AEE B9

4) AL 50 kW/m® EAbdo] wEAA B2 A

(B) Specimen and
container

(A) Lge scale
cone-calorimeter

Fig. 1. Cone-calorimeter for combustion properties.
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oA WEste,
Al F83F dAa
Q3 AR AMgEo] XL Qltk(Pearce et al.,
1981; Quntiere, 1992). o] & o|HA| H&& Hety
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2 9%t Q4o|t(Barbrauskas, 1984; Barbrauskas et
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Table 2. Formulas for combustion properties

o
Lo
e
A
o,

Contents Formulas
. X0, — X0,
q(t) = (Ah/r,)(1.10)C\ /AP T, m Q)
0, (1) =g(t) A= Q/A @)
Heat released rate B .
Q/A(HRR)=m + Ah, 3)

1.105—1.5Xo,

(1254x10°)(110) V Ap X5 — X,

O,

q(t): heat release (kW/m?)

C: calibration constants (m'/y’kg'/>'K'/)

he: pure heat of combustion (kJ/kg)

P: pressure difference of orifice (Pa)

X°O;: initial value of oxygen analyzer
q,(t) = Q/A: heat release (kW/m?)

m e Ah,: Specific mass loss rate (kg/m’s)
p(kg/m?): density of the fuel

al., 1992).

Table 32 FAI;E2] QAEANS THT 23]
o}k FF IS EHRRpean)S Albizia (23.67 kW/m’)
9} Gmelina (25.87 kW/m*)7}t
(40.13 kW/m?) @ Mindi (41.77 kW/m?7} =24 1}ek
ot HEHEEMHRRe)S Mangium  (145.61
kW/m?o] 7} # I Albizia (106.54 kW/m?), Mindi
(100.82 kW/m?) = Gmelina (78.07 kW/m?) <A 2
A Gmelina =F0] FWEE0] Wol A T =
= gol 7P A2 ZAer AElch Son et al
(2014)2 =jollA] FE Ao ARE-El= Western
12F2] ZAof thsto] Aas
ZA¥Sto], F& 137 kW/mPolA Zd 371
kW/m® Hejo] AUEE ghe Biusiih FASE
o] HYGYEES Mangiumo| 145 kW/m*EH] =
HolA AME-E= FEol Bls @EEe] dAl4
o2 Wtk

wQr3l, Mangium

pine, Teak, Walnut 5
e
o=

dAGE 7oA dATES SEUEH(THR)
S E3 HriEch EE9WEFES Albizia (443

MJ/m?), Gmelina (48.0 MJ/m®), Mangium (75.1
MJ/m*) 2 Midni (76.7 MI/m»)&] &AE Yepgo
o, Albizia7} 7 We ZdurEeRS Uepdich

Son et al. (2014)2] ATLof|A RALE £E2E9 Y

q4(t): heat release per unit area (kW/m?)

(7): speed of heat release (kW)

r,: mass ratio of oxygen and fuel (¢ )

T,: absolute temperature of gas in orifice (K)
XO;: value of oxygen analyzer to mole fraction
A, specimen’s surface ()

Ah,: effective heat of combustion (kl/kg)
k(kW/mC)

: thermal conductivity

HlZek
o, &
»
2~
B

62 MJ/m*5E] 286 MI/m* HE 71HO
1o FAFFTES] FETEFO] F2 AL
t}.

Aart AREE= ASAZHTTIS AlbiziaZ} 122
2 7l wskow, Mindis 48%& 7P wgich
HRRea 7ol =28 A7 U= A4AIZHET)
2 Mindi7} 48022 T2 $2%o] u|g] ZAgler,
Albizia7} 315%2 7} Z&lt}h o|& XgkshH
Albizia= 4222 2 714 W] AstE 1 dar) W
AL o £ O‘Qtﬂ Mindix= gHj2 71 =4 Agt
i dart =9 Aoer AL} Chung ef al.
(2010)2> A204 Az 27|} AvRel Jiu
o] AXEALE xAlste], HSAIIRE 717 15%, 34
%22 B3t o]l 53 Mindi %2 o1& &%
Hr} 3h o] shito] =g Aoz BAEQC)

AaTo A =FH dYEES] WS Fig 29]
e Albiziat= 7 ©@717F Wl @EE =
A5 Yehllon, o= dre 7] C’Jﬂ%
=3l Son er al. (2014)2 AUE, W=, el
kel E]3 9 R AAEALS AL =%
W u]Eo 747k 414 kg/m?®, 407 kg/m’, 418 kg/m’,
648 kg/m’ @ 674 kg/m’ollon, AYEE JAlo|
A -t ot Rl- A E- Y R-E| A £0 = H3

30 2 r]o

32

O]l
;R il

RHoz Azt

— 771 —



vA| 3] - 2R & - Wahyu Hidayat -

Table 3. Thermal properties of each species

Yue Qi - Fauzi Febrianto - 71'd3&

1an = Albizia Gmelina Mangium Mindi
*SMLR. (g/s * m) 1.69 3.09 2.86 3.82
"HRR pean (kW/m) 23.67 25.87 40.13 41.77
“HRRpeak (kW/mr) 105.54 78.07 145.61 100.82
STHR (MJ/nt) 443 48.0 75.1 76.7
°TTI (s) 12 29 19 48
FT (s) 315 355 395 480
*EHC (MJ/kg) 14.71 19.72 22.93 25.63

a: Specific mass loss late, b: Mean heat release rate, c: Peak heat release rate, d: Total heat release, e: Time to ignition, f: Flaming time,

g: Effective heat of combustion.

Heat release rate (kWW/m?)

0 300 600 900 1200 1500 1800

Time(second)

Fig. 2. HRR curves of each wood species at 50
kW/m’* radiant heat flux.

of =gdte] 2 A Autet sk AL 24l
3}t Mindi &= Table 33} Fig. 204 Hol3= A
B Zo] HFIARKTTDHE AALAZHET)O] dojA 4
TF F dasEUr =9, @Y= *V*E 7 4
A ololA A= Mangium $F3} H|S3E SEYE
= Uetlle A& I 5= ik

Fig. 32 FAI5E HA9 Aoyt
Hwgh Abdoltt, thE Al 52 LR
ARE g2 Aol ke Ao sl Mindi= E94
Aol Ofsff H2MO| zhojFo] Wol H2 AL ¥
ZHF 4= Q%I ol& Sal Mindi %2 & %
of g} AaEAdo] ok ohE Ei ook El&’iq

Tran et al. (1992)9] A7ollA AALEAL H|S
Hlgals Ao® B skt H;u AsE Qe o
WEET DU T S Table 29 4] (1t
(2)°ll &Jsto] AitEm, 4] 3)oA EHEE(HRR)S

H A A ES(SMLR) Y §aALH(EHC)S] Fold,

(A) Albizia (B) Gmelina

(C) Manglum (D) Mindi

Fig. 3. Sample images before (top) and after (bottom)
combustion test in wood samples.

— 772 —



myAloL 28 2YpF] ALEA
Table 4. Smoke properties of each species
RS = Albizia Gmelina Mangium Mindi
*TOC (2) 31.4 38.4 57.4 58.8
"TSR (m*/m?) 996.8 1186.9 932.4 984.3
°SEA mean (m*/kg) 602.1 455.1 472.6 406.2
COnmean (kg/kg) 1.02 2.94 1.45 1.63
COomean (kg/kg) 23.41 25.79 39.19 40.39
CO/CO; CO/CO, 43 11.3 3.6 4.0
a: Total oxygen consumption, b: Total smoke release, c: Specific extinction area
AYEES HAFLABEMLR)Y] HlEETs o
- £ 0.014 —— Gmelina
o] 8- tk(Pearce et al., 1981; Chung et al., 2010). %’ 001 — - Mangium
Gmelina %8 A|9|3t Albizia, Mangium % Mindi £ 0010 N A — Mindi
S 0.008
PEAM DYEEI UF L A BT AL F o V \/\
SRl Gmelina B4t ol vla) whe e 9§ T
> 5 i | W
HEES U SOl AeS4E AUE AR & o Pl
0 300 600 900 1200 1500 1800
iy Slod
‘—]a—o]’)d\q‘ Time(second)
Fig. 4. SPR curves of each wood species at 50
3.2, 715N g 4. SP p
kW/m” radiant heat flux.
AR g A D3t A7|7h B, 53] A7) _
' - = = N th. Albizia (602.13 m¥kg)®] B]A8}H A2 Gmelina
= I g Al AER R QAo HsiE F= &

224 ol gt A= wids] Fasitt

Table 4= FAI5EL] A7|EAAS vehdl Zxfo]
o} FAAATEHTOC)S Albizia (31.4 g), Gmelina
(38.4 g), Mangium (57.4 g) ¥ Mindi (58.8 g)o2
e o, Mindi =%0] 7P @2 AaE ARst
At Z=A7|HEKHTSR)S Albizia (996.8 m*/m?),
Gmelina (1186.9 m%m?), Mangium (932.4 m%m?* 2
Mindi (984.3 m*m?& Uel} o™, GmelinaZl 714
331 Mangiumo] 7P Attt Chung et al. (2010)
9] AtollA g7tk ol Hh o] FAlaa et
& 27t 53.8 gt 81.2 g, AV 2h2F 2325

m¥m°T} 292.6 m¥m’& e}, ZA|SEL Ahs
HEFe IR A7)7F w@ol HAEE AE st

o R Az W WA Waky BrbE
o2 AGEE AEE 23 SEAwOI M, @
IPEEEPRIS B AFELBEMLR)E L S|

(455.17 m¥kg), Mangium (472.61 m%*kg) ¥ Mindi
(406.28 m’/kg)2] gt A et wlAshH g
o] FE&,E A7|IAYFo] 2 ZolH, Albizia
B OE TAET F P =2 vagHsd e
Helfo] A7dgu]g&e] o, HItiE Mindi=

| A7 A&

Fig. 4= A4y £ A7]"W<=E(Smoke pro-
duction rate, SPR)S Vel 1jzolct 27] 47)
=820 Gmelina, AlbiziaZ} B2 =9F1 oF 300
o]|% Gmelina®} Mangiumo] FZo| o}H on,
] Gmelinaz= °F 800&7}4] thFe] 7]7}F WAgst
. Midni $259] 4% 7P 21 AzE 47171 A
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0016 e Albizia
0.014 —— Gmelina
0.012 i
0010 +
0.008 {31
0.008 -4 ;
0004 I \\ SN

0.002

— = Mangium
— Mindi

CQ, productionrate (g/s)

0 300 600 900 1200 1500 1800

Time(second)

Fig. 5. CO, production rate curves of each wood
species at 50 kW/m?® radiant heat flux.

12
5
1~N'

= N A7t FRE] CO, WAYEO
HH, E}% = Wh HE3] CO7F A= ATk
CO, Y& 13 Albizia (340%), Gmelina (120
%), Mangium (440%) @ Mindi (520%)9)A 7}A&+
A #SEHU § COo, RS Mangium}
Mindiz} 7] Upepdeh 5 €O, wAle
5 ¥ Ao Wil BT HHAYL 3

Fig 6o Qusies wWa ASEAS Wy
Gmelinat th FASEE B3] 453 e )

Table 4.—] COmean/‘“/\ 2 Albizia (1.02 kg/kg),
Gmelina (2.94 kg/kg), Mangium (1.45 kg/kg) %
Mindi (1.63 kgkg)ZA4 AlbiziaZ} 7P A
Gmelina7} 71 @A Uepst) E3F 544249 =
{2 A|#Eel CO/CO; H|&L Albizia (4.3), Gmelina
(11.3), Mangium (3.6) ¥ Mindi (4.0)=2 e}
Son et al. (2014)2] AFoA CO/CO, H]-E&2 1.69)
A 339 WS YEhH o™, Chung er al. (2010)2
SFUAL 27| MRS dAERS AT
sto] Z}ZE 5.3, 3.49] CO/COY & EAsFtt
ol B £ AF9 Gmelinax= E} $=3Fof H|3|
=2 CO H&L s 4= 9t o] FAAR

3T [} & T -
Ul =28 Eola 7]0lsls Ao AzFE oA
Gmelina gul&aFo] 2ol AA] Ax7t Wo| g

2]
< ARey, ditsteltes wWol 2

Foslok & 2

Yue Qi + Fauzi Febrianto -+ 7193

oot6 ————————————— 0 . Abizia
@ 0.014 —— Gmelina
=2
o 0012 — = Mangium
g 0.010 — Mindi
-% 0008 Hl
3 0006
g \
5 0004 S
Q rl \—.,'_ﬁ_—zi;_‘, e
o 0002 A —=

0

0 300 600 900 1200 1500 1800

Time(second)
Fig. 6. CO production rate curves of each wood spe-
cies at 50 kW/m’ radiant heat flux.

4.2 2
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A= AloF 2=

=3 [e]
54& 2AR

I FAANR] B YEFHRRmean) & 1]5o]
HlESHEO T, FUYEHTHR) 2 ALAI7

(FT) %-ﬂ{%ﬂd Ar 2 A%E HeEbdh

7P wE dWUEE 9aE Uil 39
< AlRbol ZSITh Mindi= 45% & 99=
Azl 71 Ail FAdgETel 7 AA Y
ERd
3. Albizias ZASZ % 7P =o u)ashEA
Nl L

g e
2}

4. 27| A7|WEEL Gmelina, Albizia7} H] 14
Lok & A7|ETHE Gmelina®l Mangium
o] ket

5. CO, TAY=FS Mangium¥} Mindi7} 24| Yek

6. Gmelina= A47|7F 5 71 @2 2.94 kg/kgQ]

COpeans AABFF L CO/CO, H]EO] 11302
WhS 47 UheRE, e} o] wls) Qashera
Hlgo] o A7k WA wol WS 2
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