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TORREFICATION OF DIPTEROCARP WOOD
BY BRICK BEEHIYVE KILN
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ABRSTRACT

Abour 26 cu m oof dipterocarp wood From sawil] wastes were carbonized na 2 oum
hrick bechive kiln. 14 kilns representing 7 expeciments were rested at maximum temperaturs
(00 1 FOU =L,

Chareoal and carrefied wood yield ranged {rem 43 - 52% when lemperature was lower
then 400 “C bul only aboul 0% when (he lemperamse was grearer than &00 *C. Chancoal
praduced al law temperalure had poor heat of combuostion, volatile matter content, fixed carbon
conrent and hear ntilization efficiency, but hod good preperties Tei the ferrncement gasitier.

Torrefied wood and raw wood are nol appropriate to use with a ferrocement pasilier

Torrelied wood is difficull o reduce to proper size for use with a charcoal buckel stove.

I Faouluy ol Foresiry, Kapscismt Univessiry, Hanpaok 1080EL Thailand.

2 Wirreck  FSFRED, Kosersart Universiss, Bangkok 00903, Thailand
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INTRODUCTION

Encrgy consumption to Uhatlad tatalled
the equivalent of almost 25 million tonnes
of ail in 1988, Fuclwood and charcoal eoin-
prised about 20% ol total consumptian, Roth
[uels were main souwrce for the rurel enerey
SOMELMPEION.

Froduction of chareoal normally provides
low chargoal oucpuc, yiclding only 10 1o 300
by weight, tor which the snerpy conversion
sfficiency is lesz than 50% for carbonizacion
remperature whove S000C (RFD,  19E4].
However, carbonization herween 300% 4505
coulid wield a produer greater than 40% by
weight (Bailey and Blankenhorn, 1982, Kiri
rattrakarn and Kiatgrajai, |98,

The ohjective of this praject was o
rarrefy dipteccearp wood by 2 cuom brick
heehive kiln at carbonizarion temperature
Berween 350% and 450°C, The procluct aurpur

and iy properlies were defermined.

MATERIALS AND METHOD
Constroelion of @ 2 cu m Beehive Kiln

Twa 2w m brick hechive kilis wers
constructed  wt the Department of Forest
Products, Faculiy of Forestry,  Kaselsarl
Unmversity, Tellowing 2 method suppested by
the Rowval Forest Deparlment (RFTY, 1984
Kiln diameler and height were 16 and 1.2 15,
respecrively,  Ocher dimensions are shown

in Figure 1.

Raw Muleriol Preparation

Abour 26 co m el diperocam wood
sawmill wiste was carbonized in 14 Kilns,
represenling 7 experimenls. Bach kiln con-

sumed abour 1.8 cuw oot 600 kg al airdey

wood. The wood wemhit Tor each Kiln was
mesured ad 10010 15 picces of wood were
randomly selected for matsiure contend eer
ML LI,

From cach piece, 4 3-4 cm (hick spec
men was chiuned for moistore concenr deter-
mingiion,  Moisture coarenr (MO was

abramned wsing the formula:

COW -0
MO (M) O Ry
where:
GW = Waight of green wood
DY — Oven dry weighe

Ihe weight of aven-dried waood for each
kil was caloutaced From the values of average

moisture contenl amd weishe af green waod.

Faperimental Mesign for Carbonization

Seven experiments were set up for chis
project. Each experiment consisted ol 1wa
kilms. Draa on amount of wood input, wood
moisigre conrenr, fircwood osed lTor tu:alliur.
the kiln, aosd temperature inside the kiln ac
0=, 60, and MW-cm above the floor al Lwe
howr intervals were revercded for each kiln
durimg the progess of carhonization. Kilns
were operated following a mechod developsed
by RELY (1984}, except egarding temperature
contial, The charcoal-producing techimgue

for cach experiment iz deseribed below,

Eaxperment | was designed o harden
jhe kiln wall. The wood mside each kiln
was heated with firewood until thick white
smoke was praduced.  Air inlet wi Uhe fire
porl was controlled. A kiln was manipulated
with four chiminevs uncil smoke was clear,
The fire part and chimnews were closed onee

the smoke was clear,

b
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Figure 1.

Experiments 2-4 were designed For (oree-
frcation. The firing technigques were the same
as eaperiment | excepr thar lemperalure was
maintained betwesn 300 and 4007, Tem-
perature in experiment 2 wis controlled by
closing Lhe firing port and the chimneys when
and by

opemng the firing porl and the chimneys

the remperature excesded 40°C,

whest the temperature went below 300°C
The kiln was operated unul clear smoke was

whaerved.

In experiments 2 and 4, two chimoeys
kiln

vpened when temperature was preater chan

in cach were pliernacely  clased and
A7, This was done every four hours in
Experiment 3 and every eight hours in Experi

ment 4,

Experimenis 5-7 were designed o allaw
el wir from the fire porl 1o enter the kiln

from heneath the kiln floar. Firing rechnigues

Aehernatiy diagram of 2 2 m”

binek bechive siin RED - design,

ware similar o Experiments 1, 3, and 4,

respectively.

Charcosl wnd Torreficd Wood Output

Charcoal Crom the upper part of cach
kilm was weighed. The [ower part was vsually
partially carbonzed or bande of carbonized
woed, The weighits of both porions were
determined and expressed ws w percenrage

of the oven dry weight of the input wead.

Properties of Charcoal

Charconl samples from  Laperiments
3-Twere selected wl random for delerminatfon
of chareoal propertics. Proximate analvsis,
determination of heat of combuostion, aud
warer bailing lests were conducted for each
eaperiment.  The remaining charcoal,
cirbonized  wiood

and  wood were pooled for [errocement

pec-

vially {torreficd  wood),

gasificarion for waler pumping. The sampling
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jechaigues and methods of delermination are
daseribed below,

1. Smnpling Techmigues

Abour 1) randomly-selected picces of
crarcoal Crom each kiln were used [or pro-
ximare analysis, hear of combustion deter-
mination, wnd boiling test. Each picce of
charcoal was oot in the middle 1o obiain
u 1-cm thick specimen weighing abour 10 2.
Specimens [rom each experiment were pooled
and gronamd with & Wiley mill o pass 1 mm
sereen lor proximote anpalysis and heat of
combhmstian.

Ahout 2 ke ot chareoal obrained a:
rundom o the remaining charcoul of sach
cxperiment, was chopped o about 2-5 om
size (o1 the waler boling Lesl,

Ahoiir 312 k_lg, al chareoal and 133 k-_'".
of torrefied wood were eollecied from cach
experiment (Lxperiments 3-7) and chopped
to abour 5 em zize. The chopped charcoal
unid torretied wood were separately pooled
andl deliversd o the the Astan lostitule of
Technelogy (ATT) Tor Terrocement gasificarion
test. About &5 kg ol ruw wood in chateoal
sire pieees was prepared and sent Ton o gasifi

catinm res.
2. Proximale Analysis

Aboul 1 g af charcoal powder from
sach experiment was weighed to the neatest
[ TS in @ procelain crucible to determine
ol moistwre, velarile marter and ash contents
psing the methods described o ASTM D
1T6Z-64.
amount of carhon rhat is not velatilized n

U'he fised carhon centent is the

the [urmace al o lemperalare of 95070 for
1% minures, less the amount of ash remaininge

after the charcoul iz completely combusied

in the furnace ac a temperature of 750°C for
6 heurs,  Uhree replicales were made Tor gach
gample. The amount of tixed carbon was
caleulated Irom the relalien:
T fived carbon = 100 - %% volacile matter - "o
ash
3. Heal of Comhustion

‘The heut valoe of each experiment from
rhe combusrion of about 1O g ol charooal
poweder in the presence of cxocss oxygen was
Ueierrmined by using an adiabatic bomb cala-
rimeter, following ASTM ¥ 2015-72 proce-
dJure, The beat of combustion of charcoal
i= the tetal heat thar the charcoal could
prodouce when comhbusted inan oxygen armaos
phers, The charcoal guality can be used
to caleulate the amount of energy Crom
charcoal weight.  Uhe heal of combustion
repoted Tor chiarcoal was based o aven
dried weight of the charcoal.
d. ¥ater-bailing Test

The guality el charcoul tor aousehald
crraking was  derermined by water-hoiling
teats. KD prams of choepped lump charceal
from  each experiment were placed inoa
medium-sized RFD-disigned cooking  stove

ol the lallewing specilicalions:

Fot hole diamcter 1315 cm
Slove weiprhi 12.5 kg
FExhaust gap 1.5 cm
Cirate hole are [1Z.0 e’

RETU RPN

F'uv.-:| l;l‘lil,llll,ll.:l \i(tﬂ

The charcoal was ignited with 30 g ol
firpwood Lo heat 3.7 [lers ol waler noan
aluminum por (namber 24) covered wirh a lid.
I'he temperature and rime reguired to bring
the water 1o bodl were reeorded, ATrer rhis,

the lid was removed and rhe water was allowed



1. ]

ro bail For amother 30 minutes. The last
emperature was recorded and the amount
of charcoal and remaining water were me-
quied,

Heat ulilization ellcency (HTR) of
chareaal from cach experiment was cileulated
according o RFT {1984}

Total suantiy of heal

consumed by water

HTE ALl

Towal quanticy of heil
given off hy fuel combustion

5. Ferrocement Gasification

About 312 kg of charcoal, 151 ke each
al terrelel woeod and wood were separacely
reduced insize From 2= 2= 2 5= 3= Souem

and delivered to AIT for ferroacemient wasifi-

Thai J, For. 10 : 62 =70 {1991)

The gazilier used in the study was of
the dewn dalt tvpe wilh a nominal auipn
of W) KW shall power, 11 has one reactor,
twey setrling tanks and three flieciog taoks
{see Figure 210 The rewclor has an ineernzl
diameter of 300 o and & heighi of 210 tom
The 2as producer is comnecred fooa used -l
auivmelive enging to run a [ocally-made
mized Mow axial puop (on intigalien,

Cas yield and composition, prossore
drop, and perlormance of each fuel tvpe were

recorded.
RESULTS AND DISCUSSION
Torrelivd Wood and Charcoal Ouipat

Typical curves Tor average fime and
temperatute for the seven charcoaling tech-

nigues wsed in the study are shown o Pigurss B

carion lesig aid 4, The wood loaded, moistuie canteil,
- =
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used charcoal and torrefed wood aplpui are
wlso repoerted in Takle 1.

Experimencs | aml 2 were ysed 1o test
the kilis at maximum temperiiares of 700 gnd
00, respectively, Choly charcoul and woogd
culputa were fecorded Fiom borh experiments,

Experiments 2.4, 6, and 7 were artempred
tu produge torreticd wood, Chircoal and
rasrelied wood vields Trom experiments 3, 4
and 6 were 46 to 528, These valuwes e
altost twice the yield In ordingry chareoal
operation. The vields of chareoal and torrefied
wond Trom experiment 7 owas low ar &5
because the kiln waz ot complelely scaled
ufter the experiment was stoppal, Experirenls
G und 7 were berter (han experiments 3 and 4
in terms of time and lemperacure relutions
and volumes of charcoal and torreficd wood,
Howeyver, 1l charcoaling technigues used in
cxperiments foand 7 oare maore disfienlr than

lhose of experiments 3 and 4.

4.2 a1 2N k]

Froperties of Charcoal Ouwlpui

Values for aversge hear of cumbustion,
prosimate amalvsis and hewe utilization effi-
cieney af chircoal fom experimens 3 through
T ure shown in Table 3, The averuge haal
of combustion ranged from 3.6 w 7.0 keal/y
compared o 6.5 to 7.0 keal ‘g for commercisl
mangrove chiarcoal. Fxperiments 3, 4 and 6
gave Jow heat of combuoition but the arher
experiments provided  wood  charcoal  with
heal of combustion accepiable for the Thal

markar,

Churcoal Trem experiments 3, 4 and §
save lowe fied-carbon cantent but high volaile
marter content. This makes 1he chareoal from
Lthese experimenrs poarer than commercial
mianggrove chiarcoal. Charcoal containing moere
volarile macter will produce more smoke and
will make cooking pors dirty, so it will nod

e acceprable w osers. The ash content for
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il experimnents was less than 4%, which is
commercially aceeptable.

Charcoal from all experiments gave lower
hear utilization efficicncy except in the case
of experiment 5, which gave efficiency valuss
cennpicciable wo Lhose of commercial mangrove

charcoal.,
Gaslfication of Charcoal

Mo osipnilicant dillerence [rom the
Avuthivva sawanill charcoal bas been chaerved.
Tt muost be noted though chat the charcoal
wis more homogensous, wulicating that the
syslen bas i greater stabiliny, The gas com-

positinn was in the usual range:

[ 20,9 — 1B.ak
H. A 5%
CH, O 14
20y 4.8 - 1140
o, 0.4 - 0.5
N, 9.0 — 628

The average gas vield was 4,85 Mm'Cke.
The pressure deop threugh cloth Tiller was in
1he normal range @ about A mm ol waker ol
the beginning and 9 mm of water alter abaur
& gnine hours.

This kind of charcoal is perfectly suited

for the existing gasilier

Gasificution of Vorrefisd Woodl

11 is well known thar the energy elficlency
nf tnrreficacion must be much higher than rhar
of cerbonmzalion in the charcoal - meking
process, The results of proximate od ultmale
analyses however, widicared thar rorrefied winatl
i imueh richer in volatile matier mud Lae content

than charcoal,

The total of 3 runs, consuming 153 kg of
Lisrrelted waoosl, shoved that the reactor worked
with torrefad waood withaul any problem, The
pressure drop through the filtering svsiem
during the first two hours of operation
remained the same as an opercion on charcoal.
This pressure droep, however, started Le inoreise
mare  quickly afterwards,  With such a
tendency, the secondary air shoold be adjusied
frequentiv amd the svstem el be expectad
1o run longer that 8§ hours, The average eraph
af the system pressure drop versus the operating
Lme s shoven o Figore 5, The clark filters had
1o b washed afrer not more than 30 hooss of
operation, compared e M0 hours o e case
ol charcoal, Sticky tar was secn in many
places on the cloth and 11 was dafficull 1o

remieve by simple washing,

The COccompnnent in the ges was lower,
while the H, enmiponent was higher compared

with an operation on chareoal, The C0,
coitpoient wias also high @
0 I65 — 208
[ 3.2 -13.7™my
H., 54 1210

The average gay vield was 2.3 Nm'/kg.
The wverage luel conspmprion  was 0.4
ke/hour compared with 7.4 kedhour b the
case ol chareoal.

bFrem the aperation point of view,
rarrefied wood 15 an acceptable tuel Tor che
cxisting svstern. [ can pive berter conversion
elfliclency from raw  Dbicmass (wond) bot
requires mich more atcention and care n

operatian.

Casificutivn of Haw Woad
Three runs showed that the existing

filtering rrain was nol appropriate Do e high
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lar content pas. MNew, and old washed cloth
alike were ¢logged ofter 5 wo 6 hoors of aperation,
which raised rhe pressine drop up to BO0 mm
ol wiler, 1l was impossible to wash of he ar
sticking to the cloth, ‘Lhe filiering train should
be complacely redesigned il wood 1s Lo be used

as the main fuel,
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