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Size Effect of Biomass on Carbonization Rate Treated
in Superheated Steam Combined with Far Infrared Heating

Akiko ISA, Yoshio HAGURA and Kanichi SUZUKI '

Graduate School of Biosphere Science, Hiroshima University, 1-4—4, Kagamiyama, Higashi-Hiroshima 739-8528, Japan

Bamboo powder (particle size 0.2 mm) and three cube-shaped woods (1 mm, 2 mm and 3 mm)
were carbonized in the superheated steam (SHS) combined with far infrared heating (FIH), and the
effect of sample size on carbonization rate was investigated. Carbonization temperature was adjusted
at 270, 280, 290, and 300°C by regulating the SHS temperature at 180°C with the FIH temperatures at
375, 400, 425, and 450°C. Carbonization energies for the combined treatment were also compared with
those for the carbonization treatment in SHS alone at 255, 265, 275, and 285°C. The generation rate of
the SHS was the same for both carbonization treatments. The carbonization rate of each sample obeyed
a first order reaction rate equation. Average values of the activation energy for the combined treatment
of SHS with FIH and for the treatment in SHS alone were 137 kJ/mol and 149 kJ/mol, respectively.
These values were almost the same as the activation energies for thermal decomposition of starch
and cellulose under nitrogen gas. The relationship between the logarithmic values of the sample sizes
and those of the carbonization rate constants was expressed as a linear curve at each carbonization
temperature. Compared with the carbonization in the SHS alone, the combine treatment of SHS
and FIH was much easier to make the carbonization apparatus in high carbonization temperature
conditions with small additional heat. The higher the FIH temperature, the smaller the carbonization

energy was obtained, because of shortening the carbonization time significantly.
Keywords: superheated steam, far infrared heating, biomass, carbonization rate constant
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Fig.1 Arrhenius plot of the carbonization rate constant k treated in superheated steam(SHS) alone (a) and in SHS combined
with far infrared heating (FIH) (b). Tc : Carbonization temperature[K], 4 : Bamboo powder, [J: Wood 1 mm-cube, A :

Wood 2 mm-cube, O : Wood 3 mm-cube.

Table 1 Activation energy and frequency factor of carbonization for a bamboo powder and three wood samples with different
sizes treated in superheated steam (SHS) and in SHS combined with far infrared heating (FIH).

Samples Activation energy [k]/mol] Frequency factor [1/s]
SHS  SHS+FIH SHS SHS+FIH
Bamboo powder 139 123 4.0x10°  2.0x10°
Wood (1 mm-cube) 171 154 80x10%  20x10"
Wood (2 mm-cube) 146 142 30x10°  1.0x10"
Wood (3 mm-—cube) 140 129 8.0x10° 4.0x10°
Average 149 137
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Fig. 2 Relationship between the carbonization rate constant £ and the sample size X in case of the superheated steam
treatment(SHS) (a) and the combined treatment of SHS with far infrared heating (FIH) (b) .
@: SHS 255°C, A : SHS 265°C, ll: SHS 275C, € : SHS 285°C, O: SHS180°C +FIH375C, A : SHS180°C +FIH 400C, [:

SHS180C +FIH 4257, & : SHS180°C +FIH450C.

Table 2 The values of b and # at different carbonization temperatures treated in superheated steam(SHS) and in SHS

combined with far infrared heating (FIH).

Treating condition Carbonization M -
temperature[C ] blm'/s] n[-]
SHS255°C 255 1.8x10™ 0.86
SHS265C 265 4.0x10™ 119
SHS275°C 275 7.1x10™ 1.00
SHS285C 285 95%10™ 0.88
SHS180°C +FIH375C 270 54x10™ 0.61
SHS180°C +FIH400°C - 280 1.1x10° 0.78
SHS180°C +FIH425C 290 2.6x10° 0.60
SHS180°C +FIH450°C 300 41x10° 0.64
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bsus+ri=9.0X10 "¢ (8)

VISR AR E o7z, REERTHE L 22508 4
ZOFHTIE, BEOKETEMATEDIGZE & LR L T,
EARSRIMELE I U 2B HARERALE DB TIEH
B4 ZOZEICEZRICEBDOEINE o2, Z
DZ X, EHRIEMEAEMML 2BEE, KRR
ORMTEHEENRE D, KILEEIZEZ 3R 8
Y4 ZORENENIID L Bol/cdEFE AL
=

—7%, bEOMEIEIX, Fig. 31T L& S ICRILIR
BlIcH L TiRRERE LD, RICGBEXE L 5D
NTHERESEIIKELS B o7z Fig. 3 &0, #EKZE
K[EWMLBEOBED b % beus, FERFHEMEE M
U788 KRESOE DAL bsus+rn £ LT, bIEE IR
LIRE & DRFRE U T OXRTHRL 7.

bSHS=2.0 X 10—1060.054'TC (7)

K@), 6)BLOCRT), ®) &b, EFORMY A
X EBETORBBOTHSARE 25, baRIC,
AEY A X4 mm & 6 mm DR A EARIHEINEE
MU 72BHAKEESIE THRIL U 72358, —HlL LTHR
LB 400°C I, 338 & 43% (7L, WRILEN
=0.99) THRILEh3LfE X/, —HT, 4 mmk
6 mm DRI % 400°C DEEAFEKEIMUE TRILL 7=
BAIIE, BLICH OB 60 BAET I L#EE A
KRR A THKE L & B LEARIHEMBA I L 7238
KR SO T, SBEAKEKBE MBI AR TR
HREOEHI/EZEIC L LD EHERI N,

AL T, BHKEG MO L E RN %
ML 2B HAELAEOWFR S R DB R
Y, FEROBLIBEORE TR, FHH
BN O A ST B D 53 b B I RALIRE THRE T



96 PHEERRAT, TARYE, HAT—

BLEZ . UL, BRIMRINEE L 2@ E0K
ERAE TR, L) ICEBER CRBKZASE ML
LHBLTHEIAETE L2 ERE/L. MRLD,
FEARSHEIN B A N U 2B BOR B TLE TR, &R
Be - 2BEAEL T2 EEHEENEL & BN
ERALETBELVWIBREB TS [5]. RHEERTY,
BARSEIME A NI L 7R BKE[NE TR, SR
BBHIEERAINMRE - FREFREL LA L TREK
HABMAB X O EEEEREL, RICBEERE R
BHAXEOEBRIHBELEZERELIONSE. IO
HOREEIZOWTIE, S%OBETH 5.

3.3 RILICETIRMEARBDOLR

KA 2 mm DBPEEFE LT, SMEEETORIL
B Tc [Cl, R(©2), RE) LHEH L BRKESRE
RO 7= % ORI FG, FERIRE - 2 ICRA L8
HoRIEME, RIEDZDOBEERG, K@) &AW TK
W 7z AL N=0.99 TORILIFfE B &K OCRILEE %
Table 3 1Z/”3. Table 3 &0, BEKAASKH A &
EARIRIME A 0L 22 BRAKERLEONThO5
A, RILBEIE 2 BIZERILEBERPEEL, R
LEBIZWAD T3 Z & AR IR BRSNS A 1}
mL =@ kBE KA TORILIEE 270, 280, 290,
300C # AEKAS BN TAER T 3 2D ICBE L RN
#pi, R@) Xk ZzhFheld, 618, 623, 6.27kW
CHEH XN B, Thb O Table 3 1278 L 2z &E #k5t
MBS AR O BALIZTE U 7234 & B L THY 0.5~
0.6 kKWALEWETSHS. &L, ZhoOERBHERT
RACBHEE T H AL, BEKEFHIMTORICLID
BRI FLXEMNERE LS. Ui L, Table 4 IS/RL
TBEKAKAERICET 2HMI, HEH» b OUEK
FERLTOWAEAVWERIREBTOEBETHH, RO
=D ORAEL, BWEEMEDORMEEIILS LY
DETICET3HBEIIEATHAN,

ZhE COMZT, EFRIRMEE ML 72880k

ASNETE, BEKESHMOE L R TREE

REDBEICILS L BREH A RIBICER S NS I L

Ao NL L7 [5]. AKMZETY, BAKESHMTE
BEOMBMERE % 270C L LIz ER ¢ 31013 3~4 1%
FIABEL 28, ERIMRMEE L 25613, gk
FEIREE & 270~300C IZ LR &8 3 = 0ICE L BRI
1Y~ BREETH o=, LMo T, HEED
b TR OEHE I S TR R ORI, B
AESERDOHBOHRBCHEL TS, ABEOER
MR -2 2P~ 12 MBBRE X3RN TESHE
ZRT 28 DEHEEEIN S, X5z, BHEAEIHE
WTIMBEDIRE % 300CF T LA X ¥ 3123, BEH»
L OEMER AR S 72912 300C L EOREKZES Z AV
ZNERD BN, KR THOLEE TIE, MK
[AEMET B2 —3— v — 2 DEEHOHIRRIZ X b InEk
FOWE % 300CETLEAXRHZ LI, b ETICR
HEABELTLARTRETH - 2. —Fh, EHRIBRME
AU 723580203, BEVKESIRE % 180C L LTH,
BRI — 212 0.88~1.12 kW (ZHl#E) #AT3Z

1.0x102¢F

1.0x103F

b value [mn/s]

1,0)(10'4 ! 1 ! L L

250 260 270 280 290 300 310

Carbonization temperature [°C]
Fig.3 Relationship between the b value and the carbonization

temperature. 4 : Treated in superheated steam (SHS) alone,
[1: Treated in SHS combined with far infrared heating (FIH).

Table 3 Heat flow, time and energy for carbonization by the superheated steam treatment (SHS) and the combined treatment of
SHS with far infrared heating (FIH) (carbonization ratio=0.99).

Carbonization ~ Heat flow to Heat flow in Heatflow for ~ Carbonization Carbonization
temperature  generate SHS FIH carbonization time energy

[l (kW] (kW] kW] (s] (M]]

SHS255C 255 6.08 6.08 51,200 311
SHS265C 265 6.12 6.12 23,000 141
SHS275C 275 6.17 6.17 11,500 71.0
SHS285C 285 6.21 6.21 7,680 477
SHS180C +FIH375C 270 5.77 0.88 6.65 11,500 76.5
SHS180°C +FIH400C 280 5.77 0.96 6.73 7,680 51.7
SHS180C +FIH425C 290 5.77 1.04 6.81 2,420 16.5
SHS180°C +FIH450C 300 5.77 112 6.89 1,650 114
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Fig.4 Relationship between the carbonization energy and far
infrared heater’ s temperature treated in superheated steam
combined with far infrared heating. 4 : Bamboo powder,
[J: Wood 1 mm-cube, A : Wood 2 mm-cube, O: Wood 3
mm-cube.
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