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Characterization of Pine Bark Charcoal Prepared from
Small and Large-Scale Carbonization Kilns'
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ABSTRACT

Pine bark was carbonized by using a small-scale experimental kiln and three different types
of large-scale kilns (simple (400 - 500C), improved (600 - 7007C) and special kiln (800 - 1,00
0CY).
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The physical properties and pore structures of the bark charcoals prepared were

analyzed.

When the bark was carbonized at various temperatures ranging from 500 to 900TC in the
presence of nitrogen, carbonization yield decreased rapidly with increasing carbonization

temperature and it remained constant from 700 to 900°C. The carbonization yield of the
bark was 16 - 18 % higher than that of pine wood. The BET specific surface areas and

iodine values increased with a decrease in carbonization yield. The BET specific surface
areas of the bark charcoals reached about 400 - 500 m'/g for carbonization yield of 32 -
40%. The pine wood charcoal prepared at 600°C for 30 min resulted in a more microporous

structure, whereas the bark charcoal prepared at the same condition was more mesoporous.

The carbonization yields and physical properties such as iodine values and BET specific

surface areas of bark charcoals prepared by using the large-scale kilns were very similar to

those of the small-scale kiln. The results indicated that the pine bark could be used as

starting material to produce good quality charcoal having a large specific surface area and

a high carbonization yield.

Keywords : pine bark, carbonization yield, BET specific surface area, iodine value,

carbonization kiln, charcoal.
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1. electric furnace, 2. temperature controller, 3. hot plate,
4. water reservoir, 5. carbonization kiln, 6. flow meter,
7. nitrogen gas cylinder.

Fig. 1. Experimental apparatus for carbonization of pine bark.

1. sample tube, 2. pressure transducer, 3. DC power supply,
4. DC voltage meter, 5. moisture trap, 6. vacuum apparatus
7. heater, 8. vacuum gauge

Fig. 2. Schematic diagram of gravimetric adsorption apparatus.



Wil A 21(2)%E. 20024 94 5

w3 Y% B8 AEY] dst st
doz AgY A/l2E wa 3Y 3 Lwvt
H1TE 4AFES Sk o e wapE
AX £ w3 ex @ A BE PE
g AAsgen 2o gl U AR
54 52 AEsAL.

311 @stex 9@ Xzte] Ty

AVF oo durFl @3t 4%e FE
7] st Ai 7IREIAM A&F9 @3l
AEg B3Pt Fig. 30 4 &ewoA
g3le&a g3zt AAE Jel A
500 - 600Ce €3lexdA €3 308 Ax
d A9 YA} £&& Jehie, 800C
o] A%dle 800TCe =ga FAld AY ¥
A F&o =23} Fig 4 @357
g3lezolel #AAE Jelld. sy &
& E O JEd AMY &3
=7t wotel wet FAHSA Rolzan,
800TCAX A9 YA F&T HFAIIATH
, 7Y A B agdARE Hd @3
2 9oF 32 - BRAEE AZHYY. AUF
5] ¢ Fig. 3o Jebd AXYH 600C
A @SIAIAIE, &0 o 22 - 23%0] B33}
Ak o2 d &L FTYLEAMY Fyg
o] 4& 38 - 40%9) B3} 16 - 18% *SrTh.
)AL £urt BN g WIHE A
gad 2 2 FHEHo] FAHARLE Hogl
o® Hudoz w5gEe) Be ZAnT
3 Al A45e YR FHy WRog 4zt
HAok detA gslF Ao M £39 A
+ EXRG 44 2AAAE Agsgo] o
¢ 5L Aoz =Yt

da g N

312 28 % B389 90 §F3 2
HEAH
BET AAY FIgo] d¥ 2R B
2R Az GRT} $&0) & AL ¢
29 olgd ojA R Yoz B £
21, °olg v tdd o8 HsMe

=
o
A
e

EHEAolt FAH T BN = S F
a3ty gt olE A8 BIRAM AX
d s FAEALN 2UH Y HE
§ 939 Fig. 5 2 6 deEhich

Fig. 55 f82:=7le v3587e BAE
et itk & JdelA 3 g3 82
=t dEego] A o Frldke
AL & F U wolv AL F8 F2
AEY BEFHLE @IFE gas A
FA%A Z7hsle & oF 32 - 40%0A o
400 - 500m'/ge YERHATE AVF Fe
A% vEHHol ¢ 40m/gAEE 453Y
oy, F#&o] 22-28%H = BFHspHch o
o A#ZRE F3o PIEL HEUZH0|
EL By ol n4gY £ ARASEA
FEY 7IAE /e A& 89 & AU

313 9 @329 AT 37l L AT
43 X

ded #39 28F B3ZoA ©siE
FHE AFY Aolg FEFZ Hsted Al
FTELAEYT 2 AFTIVEX U HEE
S8t Fig. 7€ A4 FALE(77 K)ol
A 2ur sade A4 & 5248 &
g Agolct. o] Aol dFEL BET &7
WA F type 19 Langmuirdehe] FXAAFE
Ve AT &, 2719 @& AeighEel
Mo FEL vAEgLd W& ez oF
g5 FFL dRE vAFoE o]FoA
V&S & F AN o5 AAE €S 44
A AEFHY] st FAE AF EIE
Fig. 8o ueliRicth 800CoAAN @8dA
Hed 600CA ©3tAIZ] SRghe A$ 5
moldte} AMlgo]l Bgreu, 600C FHe9
A FAF(Am<r<25mm)o)Atel AFE 12
X3k Fig. 9= AF Z7] £ 5 JE
Wit & agolx Sxg 2 800C Fug
o] B¢ oF 5moldte] MlFel & s AN
o, 600C FHEY F-¢ 2 oY AFE
3EA e AU



0}
O soo‘c
701l © 600 °cC
3 A 800 'C
h-] 60 W 600 °C (wood)
] I
ES
§ 50
H & —=-
< 40
]
a 2= S .
% 30}
o
20 Y
o 1 2 3

Carbonization time (h)

Fig. 3. Effect of carbonization time on
yield in small-scale carbonization of pine
bark and wood.
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Fig. 5. Relationship between iodine value
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Fig. 7. Adsorption isotherms of N, at 77
K on charcoals prepared from pine bark
and wood at different carbonization
temperatures.
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Fig. 4. Effect of carbonization temperature
on carbonization yield in small-scale
carbonization of pine bark.
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Fig. 6. Relationship between BET specific
surface area and carbonization yield in s
mall-scale carbonization of pine bark.
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Table 1. Yield of bark charcoal prepared from three different types of kilns.

Carbonization Kil Simple Improved Special
arbomzation R (400 - 5007C) (600 - 700) (800 - 1,000C)
Yield of charcoal (%) 25 23 21

Table 2. Physical properties of bark charcoals prepared from three different types of kilns.

smple | DR VegHle | 6 | cubon | it | (ol | e e
Special 9.1 9.7 75.2 9.8 234 426

Pine bark Improved 9.6 7.8 79.6 94 345 420
Simple 31.2 6.1 58.5 7.7 64 92

Pine wood Simple 46.9 15 48.9 9.3 48 82

Oak wood Special 6.1 11 83.0 53 93 281

Special kiln: 800 - 1,000°C, Improved kiln: 600 - 700°C, Simple kiln: 400 - 500°C,
The specific surface area was determined by BET method.
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