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Oxidative self-heating behaviors of fifteen different species of wood
powder

by Takashi KOTOYORI*
Michio NAITO*

There exist many research reports on various aspects of pyrolysis and combustion phenomena of wood
or woody materials. However, researches on oxidative self-heating behaviours of those materials under
strict adiabatic condition are very few. For that matter works by Akita et al.?, by Robertson et al.¥ and
lately by Anthony et al.¥ are quite precious.

Thus we also tried to measure, at first, oxidative heating behaviors of some species of wood powder
in air under atmospheric pressure and effects of coexistent substances on them using TG-DTA methods,
and then, tried to measure the oxidative self-heating profiles of these materials using SIT (self-ignition
testing apparatus, a sort of an adiabatic self-heating process recorder).

Wood samples subjected to the measurement are fifteen different species, vis., Japanese cypress, Japanese
red pine, Paulownia, Zelkova, Sawara cedar, Red lauan, White lauan, Western red cedar, Yellow cypress,
“Douglas fir, Port Orford cedar, Western hemlock, Spruce and Eli ayanskya. The wood samples were
powdered in a mill. The particle size is 30 to 60 mesh.

Standard experimental conditions are as follows, TG-DTA: sample amount, 5 mg; sample cell, Al pan
(2.5mm high, 5mm diameter); gas flow rate, 20 ml/min; heating rate, 2.5K/min. SIT: sample amount, 300
mg; loading density, 0.12 to 0.14 g/ml; sample cell, silica tube(ca. 2 ml); initial(starting) temperature, 150°C.

Main conclusions gained are as follows:

1) Adiabatic self-heating profiles of wood powder are linear in most cases and this fact implies that
oxidative heating reaction of materials of this kind at temperatures near 150°C is approximately
zero-order. This finding fits well in with Anthony’s description® .

2) Relativie self-heating rates of fifteen different species of wood powder are given in Table7-2. Red
lauan is easiest among them to heat oxidatively, and Spruce is hardest to do so.

3) Wood powder, when heated in nitrogen atmosphere, decomposes exothermally. In that case the
exothermal shift of DTA curve begins at about 180C (Fig. 7-20,-21).

4) When wood particle is pyrolyzed in oxidative atmosphére, decomposition products are pushed out
of the interior of the particle and burn on or near the surface of the particle. In other words it
is thought that oxygen does not enter into the wood particle or the charcoal during pyrolysis.
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5)

6)

7)
8)

9)

10)

11)

12)

13)

14)

Self-heating rate of the particle, the size of which is coarser than 30 mesh, is less than that of

finer particles(Fig. 7-25). ‘

Wood powder made from older lumber is easier to heat oxidatively than that made from newer

lumber (Fig. 7-32). '

Powder made from bark is easier to heat oxidatively than wood powder (Fig. 7-35, -36).

Powder made from knot is easier to heat oxidatively than sapwood powder or heartwood
powder (Fig. 7-38).

Soot, which accumulates in the soot-collecting unit set up at the top of the sawdust incinerator,

is easier to heat oxidatively than the original wood powder (Fig.. 7 -40).

Cu powder shows a remarkable catalytic effect on oxidative heating reaction of wood powder (Fig.

7-52, -53).

CuO catalyzes the oxidative decomposition reaction of the charcoal at temperatures over 200°C.

Although the effect of Pt is more remarkable, the similar effect can be said of Pt, too.

Fe and Fe, O, does not show any catalytic action on oxidative thermal decomposition reaction

of wood powder.

A mixture of wood powder and melamine resin (its main component is actually phenol-formaldehyde

resin) powder shows a very remarkable oxidative self-heating behavior (Fig. 7-58, —5@).

The oxidative heating reaction of wood powder is hindered by the added lubricating oil at

temperature levels of 140 to 150°C, at least. This effect is thought to be due to antioxidant that

is usually added to the lubricating oil (Fig. 7-61, -62).
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Fig. 7-1 A diagrammatic TG-DTA of wood
powder in air.
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Abbreviations: A, beginning point of
exothermic shift in DTA curve; B,
exothermic drift in DTA curve up to
2007C; C, beginning point of weight-loss;
" D,, beginning point of the first rapid
heating; D,, beginning point of the
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peak; H, peak height; I, conclusion point
of charing; J, percentage of weight-loss
up to charing; K, weigth-loss rate of
char; L, the second exothermic peak; M,
temperature at which wood powder is
reduced to ashes
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Table 7-1 TG-DTA results of fifteen different species of wood
150#HEICET 2 TG-DTABR—EXR
Wood species A B D E F G H I ] K L M N
% mm T cm ° % c T

7T 9 130 195 232 241 292 37 27° 298 57 0.044**371* 420 440
(Red lauan)
* ¥ 5 135 177 217 278 310 26 45° 309 59 0.025 421 453
(Western red cedar) ren
o X 8 121 188 219— 288 263 305 35 35° 310 65 0.032 405 419
(Zelkova)
v 7z 10 143 211 241— 298 277 314 27 39° 315 61 0.025 441 453
(Sawara cedar)
B7v > 8 149 180 204— 278 276 306 27 50° 305 64 0.026 427 447
(White lauan)
e/ x 9 137 184 223— 296 279 311 25 51° 309 67 0.026 443 451
(Port Orford cedar) :
& H #2 11 159 205 229— 282 260 300 28 34° 304 63 0.032 400 420
(Japanese red wood)
P S 8 170 187 225— 291 278 309 28 48° 308 59 0.027 437 445
(Japanese red pine)

» 8 162 213  222— 292 278 309 26 48° 309 63 0.025 434 463
(Douglas fir)
B 8 173 198 214— 293 277 311 27 49° 310 65 0.026 429 443
(Eli ayanskya)

7 194 182 225— 289 269 302 26 48° 305 71 0.023 415 432

(Paulownia)
Ak /% <8 148 201  230— 295 279 309 26 @ 49° 309 66 0.024 430 434
(Japanese cypress)
*x v & 8 186 231 218— 303 289 321 25 48° 319 64 0.023 443 461
(Western hemlock) .
* b o 7 157 213 229— 297 280 - 311 25 50° 309 66 0.025 431 440
(Yellow cypress) )
AT I — R 8 154 ¢ 216 222— 295 281 311 25 53° 309 65 0.023 453 459
(Spruce)

Abbreviations : A, water content; B, beginning point of exothermic shift in DTA curve;
C, exothermic drift in DTA curve up to 200°C; D, beginning point of weight-loss; E,
beginning point of rapid heating; F, beginning point of rapid weight-loss; G, first
exothermic peak; H, peak height; I, maximum weight-loss rate; J, conclusion point

of charing; K, percentage of weight-loss up to charing; L, weight-loss rate of char;
M, second exothermic speak; N, temperature at which wood powder is reduced to ashes.
*Red lauan shows three exothermic peaks in its DTA curve. **Unit : mg/min. ***Most
wood powder samples show two rapid heating stages in their DTA curves.
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Fig. 7-2 TG-DTA of Red lauan.
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Fig. 7-3 TG-DTA of Western red cedar.
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Fig. 7-4 TG-DTA of Zelkova.
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Fig. 7-b5 TG-DTA of Sawara cedar.
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Fig. 7-6 TG-DTA of White lauan.
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Fig. 7-7 TG-DTA of Port Orford cedar.
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Fig. 7-8 TG-DTA of Japanese red wood.
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Fig. 7-9 TG-DTA of Japanese red pine.
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Fig. 7-10 TG-DTA of Douglas fir.
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Fig. 7-11 TG-DTA of Eli ayanskya.
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Fig. 7-12 TG-DTA of Paulownia.
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Fig. 7-13 TG-DTA of Japanese cypress.
AEt /X% TG-DTA
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Fig. 7-14 TG-DTA of Western hemlock.
* #7 TG-DTA
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Fig. 7-15 TG-DTA of Yellow cypress.
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Fig. 7-16 TG-DTA of Spruce.
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Fig. 7-17 Heating loci of five different species
of wood powders under adiabatic
condition at 150°C(I), Arabic numerals
in the figure correspond to wood spe-
cies shown in Table 7-2, respectively.
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Fig. 7-18 Heating loci of five different species
of wood powders under adiabatic
condition at 150°C(ll), Arabic numerals
in the figure correspond to wood spe-
cies shown in Table 7-2,respectively.
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Fig. 7-19 Heating loci of five different species
of wood powders under adiabatic
condition at 150°C@), Arabic numerals
in the figure correspond to wood spe-

cies shown in Table 7-2, respectively.
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Table 7-2 Relative self-heating rates of fifteen wood

powders
ARG ED BRFE MDA T
1 Red lavan 33
2  Western red cedar 15
3 Zelkova 15
4  Sawara cedar 15
5  White lauan 13
6 Port Orford cedar 10
7  Japanese red wood 8
8 Japanese red pine 7
9 Douglas fir 6
10  Elj ayanskya 5
11  Paulownia 5
12  Japanese cypress 4
13  Western hemlock 4
14  Yellow cypress 4
15  Spruce 2
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Fig. 7-20 Effect of atmosphere on DTA of Red
lauan.
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Fig. 7-21 Effect of atmosphere on DTA of
Japanese red wood.
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Fig. 7-22 Effect of atmosphere on heating locus
of Red lauan at 140°C.
77 OEBEIICE JITTHERKD
ThR

LIT ¢ RABEEZERT2L0ET 5,

Ts/mV

—125—
6.34} »[0,1/0l2ir1=4.2
~in O, o
in air
6.307
6.26[
,in N,
6'220 100 200 300 400

t/min
Fig. 7-23 Effect of atmosphere on heating locus
of Japanese red wood at 150°C
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Fig. 7-24 Effect of mesh number on DTA of Red
lauan.
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Fig. 7-25 Effect of mesh number on heating
locus of Japanese red wood at 150C
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Fig. 7-27 Effect of sample amount on heating
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FRORBBEIFICE LITTHREDOINR

6.341

400mg/
1°C .

/’I\SOOmg
6.30r
>
E
2 ¢[400mgi/¢L300mgi=1.4
6.26
.22 * " .
6.225 100 208 300 400
t/min

Fig. 7-28 Effect of sample amount on heating
locus of Zelkova at 150°C
e X DRIBEBICE JITTREENR
xR

Bt r gy s &) BMEET S, 2%
CELBEMBZ —BEINEZLIEIHELLPTH S,

7.3.6 DTALRETRBEEOHR

Fig.7-29, 7-30iciRk7 7 v B L UKHEHZNDTAIC
T TREBEREDMRETT. K7 7> DHERIRR
Ex EFTw{ & — 7 3BRA~BE L TTE,
FEFICE—7 bRBICKE S B> TITC, KEBSL Z
S FAREESHZT T, Z0LDODRIMIZAEE

EE755 K/min, 10K /min & % % ¥ 420CHHECRAT
2,



HRABEOR{CFRMER

400°C
10°C/min
. 5°G/min

———=--2.5°C/min

120 200 300

Fig. 7-29 Effect of heating rate on DTA of Red

lauan.
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ZhR
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10°C/min
-~ 5°C/min
———— 2.5°C/min
Fig. 7-30 Effect of heating rate on DTA of

Japanese red wood.
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4) DTA
Fig. 7-3lic K& & / X 0Fh & &M Q0FEEZEAIC

400°C

120 200 300
old wood
————— new wood
Fig. 7-31 Difference between DTA curves of

new and old wood, in the case of

Japanese cypress.
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Fig. 7-32icEA—RKHz2WThH S I TEE L2 RT,
RN ) EM DT HE» ICBRAbIC & B FEMI K E WE
MATRINT,

6.34f
6.30[
>
£
~
s
6.261
7 ololdl/elnewi=1.3
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- Fig. 7-32 Difference between heating loci of
new and old wood at 150°C, in the case

" of Japanese cypress.
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1) DTA
Fig. 7-33, 7-34ic& =B L U7 ¥ X DfgE (bark) &
AREEHwood) iz DWW TAHDTA%RRT, MEIZ200C

120 200 300 400°C
bark
———— wood
Fig. 7-33 Difference between DTA curves of
bark and wood, in the case of
Paulownia.
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120

200 300 200°C

bark

Fig. 7-34 Difference between DTA curves of
Jbark and wood, in the case of Zelkova.
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Fig.7-35, 7-36ic 2 nENRE—FBIZ DV TAHS 1

6.34}
wood. __ -
6.30f T
> -
£
2
6.26/
elbarkl/eolwoodi=5.7
6.22, 100 200 300 400
t/min

Fig. 7-35 Difference between loci of bark and
wood at 150°C, in the case of Paulow-
nia.
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Fig. 7-36 Differeﬁce between heating loci of

bark and wood at 150C, in the case of
Zelkova.
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4) DTA

Fig. 7-3712 KRBt / X HHic 5T, L4 (heart-
wood), 30 (wood)B & U7 i (knot) DE (b5 itk
NEICHETLDAT#8BF5, 22 Tlietke LTo

ZBBAHOKE X ZOM, ¥, 7IDIRISRIN T
60

120 200 300 460"0

knot

........

Fig. 7-37 Difference among DTA curves of
knot, heartwood and wood, in the case
of old lumber of Japanese cypress.
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1°C
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oLknotl/elwoodl=1.8
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Fig. 7-38 Difference among heating loci of knot,

heartwood and wood at 150C, in the
case of old lumber of Japanese cypress.
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RENRTHICIITRICAEL TRET 2 ARBRA
I RRET B ONBERFE 213K, 5—2%E
INTWEY, TN HLET IEELRAEN Lo R
PHMET L0, BEREEBEISFEICOVWTVDS
DHBEBTHD, 25T, TNICKZ B 2 Z(soot,
BBR) BIEBICBALRT, »oOoB22T WL
PHLNTWE, ZZTERIED» L2 2 (EMIIk
VAENZ L) OREEZT, AR EEMEOB{LR
B % L 72,

1) DTA

Fig. 7-39% 4% &, 200CLLTicB TRz Y 22
DEBAESTRM B L THEETH L2 8, BLUS
BELTHMETH D Z Ldbdr b,

\
\\.
120 200 300 400°C
soot
————— wood
Fig. 7-39 Difference between DTA curves of

soot which accumulates in collecting
unit set at the top of the saw-dust
incinerator and original wood from
which the soot arises, in the case of
Western hemlock.
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Fig. 7-40iciz, R RIZEMICH L CRIEEEY. 4
BIZEKTHB I EIRENT,

6.34]

6.301

Ts/mV

6.26;
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Fig. 7-40 Difference between heating loci of the
soot and the original wood, in the case
of Western hemlock.
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w77y BLUKEEZIZDE Cu, Cu0, Fe, Fe,
Os, Pt OSHENPEETML 12FEOMREDTASB
SJUSITIRENF w7 L Thlz, ZORER, HE
HRLBIEICLBZEFLVHRDEVIALN >
726

1) DTA ,

WINEIAIZ AR Smglct LN (RE1RF%
FDEFHE) % 5mg (Pt DA33mge 5, EX0.1
mm, FE5m?D PtiRPLMAFELTHNHLAZLN) &
L7z

a) Cu

Fig. 7-41, -82iIcZ N7 7 v B L OB
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BIDEL PBRMRSALALNE, E(RELIE—7
DERICH L LRBAC— 70BN DL Z EVRBRTH B,
Cu i3 RBOBILREAR G ICHMENRE L 2L T
H5 (71.3.115S I TOESBR), K7 7> DHEA,
3NCTHRBIIKILZETLTCLEW, E3E—71213
EAEMELTLEIE TR S, o8, CulbESED
AR 2 XBEIT TR E 25, 200CLLT T
CuO »Em$T 5 Z &, 300CLLETZNH CuO i2%1L
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120 200 300 400°C
wood +Cu
————— wood
Fig. 7-41 DTA of Red lauan-Cu system. The

mixture ratio is bmg: bmg.
w77 >-Cu%n DTA

120 200 300
wood + Cu
————— wood
Fig. 7-42 DTA of Japanese red wood-Cu sys-

tem. The mixture ratio is bmg : 5mg.
FHEAZ-Cu F» DTA

b) CuO

Fig. 7-43, ~4ic#NZFNHKRT 7 > B L OB
W CUOBEBRML 2BANDTA%RYT, CuO i3 F
BWEDBRRERICEGICNT 28 L L Cabn T
5. TTIRENTMERICL D &, 2L IcESRE
BBROBRKBEEERRIUH OB ERE T CuO 1%
&N KT 555 200CLLTDREL ~ILTIE £ D%)
REBFLILV, ZOZEESITORRCLELA
T, 372, H7 7> & DFKEICH L T Cu0 ik
FRRIIKRENL I TH B, FRBEITIC VTR (B

(307 348

421
=

willi
419\
\
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400°C
wood + CuO

120 200 300

———— wood

Fig. 7-43 DTA of Red lauan-CuO system. The
mixture ratio is 5mg :5mg.
w77 >-Cu0 % DTA

ARIBBIEENBE IR LILIBET 2552

120 200 300

Fig. 7-44 DTA of Japanese red wood-CuO
system. The mixture ratio is bmg:
5mg.

FkH#2-CuO % DTA

HZ) 123§ % CuO DB RBIRIZEIT T I (R
777) T HELNKESELNLLEIDTHAS ),
BT, A& (IFLA MRV —2A2L/5 L
bbb, RESKEZEMEM No. 2 5% 3m ¢l
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FARDB Z LT ), RITHT 5 CuO DRIRICDEFE
BLrEDTCH (Fig. 7-45), ZDFHER, Lo —2
DRALGBICERT L EALNB313CHE— 738
PonZ E, SHBEAFROLTPICEBREL TS~ &L
o— XNk b LEZLoNBE— 7 KRR D
215CICHB B Z &b o7z, 316CICH A — 27 h %
N — 2D FRALERBO BB L DI DTHBZ i
TGHhoiEEINTZ, Li2d T, RZT7>nEH iz
NI N —2EEBEUARBICCu0 2 XFEIE S
Feu—2 k)~ eLu—Z AR BT L8,
CuO L WHE20CICH 2 HA L — 7 224N
BRER LD, £T0CIC~NI LLE—ZZEBE—
IHEL, VO —R3 L) ERETRFL, HILIC
B L T307~310CICHbND & Ic% b LIEESR
Np, 2%, BT VR~ e —20E

120 200 300

Fig. 7-45 DTA of filter paper-CuQ system.The
mixture ratio is 5mg:5mg.
A#%-CuO % DTA
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BFEID%L, 2N Cu0 2HEFESLTLHELILE—7
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¢) Fe BIUVFeO,;

INbiE, DUl EDLRTTREKESICHL,
DTA n&REMERICHR ), ZLAEMELRITS
Lrolz, TN b % Fig. 7-46~7-49123B1F 5,

120 200 300 200°C

Fig. 7-46 DTA of Red lauan-Fe system. The
mixture ratio is 5mg: 5mg.
#H#*F7>-Fe %o DTA

120 200 300 400°C
wood + Fe
——=--wood
Fig. 7-47 DTA of Japanese red wood-Fe sys-
tem. The mixture ratio is 5mg: 5mg.
KB +2-Fe % DTA

120 200 300 400°C
wood + Fe.O,

———--wood
Fig. 7-48 DTA of Red lauan-Fe,Ossystem. The
mixture ratio is bmg : 5mg.
if\"? 7 Fezoa;‘?‘\a) DTA
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120 200 300

Fig. 7-49 DTA of Japanese red wood-Fe,O,
system. The mixture ratio is Smg:
Smg.
*}(E *3‘1"‘6203%7) DTA

d) Pt

Fig. 7-50, -5lLicZNZFNKRT 7> B L UKEHH
W PtHAFZBEML723BANDDTARR TPt A%, Vo
RAKRBOBGEIIEE R, FOBLBESHF IR
ETLZLIIHLPTHD, Thbb, F1—713
EIRBICREEI L DO KREL L B,

120 200 300 400°C

Fig. 7-50 DTA of Red lauan-Pt system. The
mixture ratio is bmg: 33mg.
#wF7>-Pt & DTA

120 200 360 400°C
wood + Pt

———~--" wood
Fig. 7-51 DTA of Japanese red wood-Pt system.
The mixture ratio is bmg : 33mg.
FkEF-Pt % DTA
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Fig. 7-52, -B3lZNFNHKRT 7> B L UKEMIC
DER—HAALHICHETES I TERZBEL 28
R2FY., ARICBWTHIZD Dl Cu RN 4
REMABOZNIZH L TB L £ 3ENFIERE LR
TIETHDB, CuldRBN200CLLT THFREEEILK
ISR A2 DL DEEZ LND, &) DI,
CupByhze 5140CI2 BV TSR 2 %0 ) BE T
EH 25, H4AKBRERBIFLELTILE ) DI

7
5.92} - wood, Pt
/.,/
Fe>
5.88f 7 /~-Fe:0,
>
£
P
- »[Cul/ewoodl=3.2
5.84
»[CuO1/ewoodi=1.3
.80 - - . .
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Fig. 7-52 Effect of metals and metal oxides
on heating locus of Red lauan at
140°C. The mixture ratio is 300mg:
100mg, respectively.
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- 6.26f »LCul/olwood1=2.8
»[CuO1/ewood=1.9
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Fig. 7-53 Effect of metals and metal oxides
on heatihg locus of Japanese red wood
at 150°C. The mixture ratio is 300mg:
100mg, respectively.
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(Fig.7-54), B L140CicBWT Cu -7 7 7 ik
ARIZLBREERITLZLFALND PHTHb,
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Fig. 7-52) ¥ H - 72
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Fig. 7-54 heating locus of Cu powder at 1407C.
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AR (FERmE&TaRY), DP-6A98S), KENPE
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DA P{tiEtR. (Bk) 74 4 T35 D A PILHiR, &
J&, DAPHIE (DAP : AR ) =2 FNL=1:
1) 2B 1K, HE, <V 7T I EEeER
1%, 28, DAPHERERK1I¥U» 5% 5, &K%
R LERI L 72,

4) DTA

Fig. 7-55, -56ic Z NZHKkT 7> B L UBKELKH
2 3D 2RI L 2BENDTARRT, W
HEELFo{FA—-ERERL TS, Thbb, X
7 I ALK (ERSIR 7 =/ —BR) o

120 200 300 400°C
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- DAP
————— PE
Fig. 7-55 Effect of decorative laminate powder

on DTA of Red lauan. The mixture
ratio is bmg : lmg, respectively.
77> DTA 2B T TILHERE D
ZhR

120 200 300 400°C
melamine

— DAP

Fig. 7-56 Effect of decorative laminate powder
on DTA of Japanese red wood. The
mixture ratio is 5mg:1lmg, respec-
tively.
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Fig. 7-57 DTA of three kinds of .decorative
laminate powder.
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Fig. 7-58, -59ic # N EFNHKT 7> B L UBKEIIC

DER—MAADLEICETAS I THERZRIEL 24
BERT, INLICHL2T L HIZ, I50CEEENRE
LAULIZBW TR X 7 3 AU TN o A REN
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BOBIRIRIIKR T T e TrEINELWZ L, &
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£
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Fig. 7-58 Effect of dcorative laminate powder
on heating locus of Red lauan at 140°C.
The mixture ratio is 300mg : 100mg,
respectively.
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Fig. 7-59 Effect of decorative laminate powder

on heating locus of Japanese red wood
at 150°C.The mixture ratio is 300mg :
100mg, respectively.
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Fig. 7-60 Heating loci of three kinds of deco-
rative laminate powder at 140C.
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Fig. 7-61 Effect of lubricating oil on heating
locus of Red lauan at 140°C.The
mixture ratio is 300mg : 100mg.
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Fig. 7-62 Effect of lubricating oil on heating
locus of Japanese red wood at 150C.
The mixture ratiois 300mg:100mg.
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