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Carbonization Characteristics of Hydrocarbons Treated
in Superheated Steam
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Three types of hydrocarbon  (potato starch, glucose and cellulose) were carbonized by superheated
steam treatment, and their carbonization characteristics and reaction kinetics were investigated. To
minimize the influence of the ra'terf heat transfer into the materials, fine powdery samples were
used. Carbonization temperatures ranged from 498 K (225°C) to 548 K (275°C). Potato starch melted
and swelled at around 225°C, and carbonization proceeded with foaming of the sample. Glucose
melted and swelled within a few minutes after treatment, and carbonization proceeded in a foamy
state. Cellulose was carbonized withoixt melting, and a powdery charcoal product was obtained. The
carbonization rates of the three samples obeyed a first-order rate equation. The activation energies for
carbonization, evaluated from the rate constants, were in the range 133~167 kJ/mol, which is almost
the same as the activation energies for thermal decomposition of starch and cellulose under nitrogen

gas.
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Fig.1 Schematic diagram of the experimental apparatus.
(1)Boiler, (2)Super heater, (3)Flow meter of water, (4)Test
chamber, (5)Sample pan, (6)Thermocouples, (7)Personal
computer, (8)Water tank, (9)Condenser, (10)Stand
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Fig.2 Changes in temperature of samples during the
superheated steam (SHS) treatment at three different
treatment temperatures of SHS. '

1.00

THREEIRABOBELZ{LEZELMNICELTVWSE ]
DEL PIEER»S, EONBEERETLRHEIY
20 BRICEFAEDMIMBEISEL TV DEH X
7z. &7z, Fig. 3 TIXRILRMZFEHNICHBATEL
T3 2, RRMCEOREER, LFhoR TR
BERSAICH L KWEBEAR LU, =L, Svf i s
FUvITVORALTE, BETOXLENDDENEH 57
R, BILE08~09 2 BIAMORLAERLEY,
&L 3 — 2 T IR T ORI TRILE 0.97~0.98 1438

POETFORUDERS AN i, RIEOE

Bz (1) ROWANTETH 72225, ZRIZH
WIDBRKESLEEE T3, BEEACES Ry
OB E L, ITEBRERECORLELTRETS
BZLdMonthol. NLAYaF VT VTR,
RALEER 0.1 (B THARMSEAZ BRI, BROSEE
WL AL SR, RALEED 0.8 {1 & Tk - 74k
RETRAL (HR) AL, ThBIBEL 5281 % -
T LIRECRILDET L 7, L a— DB
B, AMERIZARAEBLBLEIEZY, BLD
REETHAL (5H8) BHEAT L. LEtsoT,Sb 4 g
FUTVEs LT —ADRME, RRRETHDE

BEAOREL®I o —F, LAU- 2, B

REALAE T 59, MAREO T 3 RILHSEFL 2.
L7doT, RICHIEHERETSH ), FBEAD
HEL Lo '

HBRER, D, FRBORCHE N — &R ISHEER

CTELTILAARETHIZENHL L LA S7-DT,

RALDRBETORIGEEER £ [1/s] e KD, 2
DIER % Table 1 IZ7R7.

k=—C%ﬂnﬂ—N) 2)
NUAYaFry 7y, B Bk EELD

(@)

| B |

0.10

1-N[~]

275°C ] .
262°C 275°C N
B :mé\
001|||||||||||||| b b b o] o dvaaala
) 300 600 900 0 300 600 900 0 300 600 900
' Time [min]

Fig.3 Changes in uncarbonization ratio, 1-N, of potato starch (a), glucose (b) and cellulose powder (c) in

temperature range from 225~275C.
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Table 1 Carbonization rate constant, &, frequency factor, 4, and activation energy, AE, of potato starch, glucose and
cellulose powders calculated from the experimental results shown in Fig. 3.

_ kx10* [1/s] Al1/s] AE[XJ/mol] r?

T K] 498 510 523 535 548
PS (m) 1.19 2.68 8.49 16.1 482 3.62x10" 167 0.993
PS (am) 0.254 0.959 1.54 3.93 9.75 1.12x10% 158 0.985
G 0.935 1.37 3.92 8.35 146 6.46%10° 133 0.999
C 0.934 1.97 424 2.28%x10" 144 0.982

T [K]: Temperature r: Correlation coefficient PS (m): Potato starch (melting period) PS (am): Potato starch (after

melting period) G: Glucose C: Cellulose
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Fig.4 Arrhenius plot of the carbonization rate constant.
@ : Potato starch (melting period) A : Potato starch (after
melting period) IR : Glucose 0 : Cellulose
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Fig.5 Carbonization time at the carbonization ratio of 0.99 for
each sample estimated from the carbonization rate constant
shown in Fig. 4. : Potato starch (melting period) ----~
: Potato starch (after melting period) --«-+---: : Glucose ===--- :
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