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i Effect of pre-heatmg and flaﬁ}

' " on mlcrostructures of carbom_ed ellulose 1

- Fumio KurosaleengoIshlmaru, Toshlmltsu HataJunjl Suglyama and Yujl Imamura
Research Institute for SustamableHumanosphere, Kyoto University

[Introdu‘ction] Carbonized Wood prepared b‘y‘ ﬂash—heatmg showed the dlfferent

kmds of microstructures with the conventronally heated sample. The onglnal wood-cell

structure d1sappeared after ﬂash—heatmg and showed the melting features ‘while in the
intact wood cell

conventlonal slow—heatmg samples, the carbonized wood remained the
structure. When pre—heatmg treatment was conducted before ﬂash-hea‘ting, wood-cell -

structure was not observed under pre-heatmg temperature (pre-HHT) below 250 o,
while, the orlgmal structure remamed at and above 300 °C. Cellulose one of the main
components of wood, was decomposed at about 250 € In this study, the effect of
pre—heatrng treatment on the microstructure of carbomzed cellulose was studied in order
to clarrfy the formatlon mechamsm of the m1crostructure of wood carbomzed by

ﬂash—heatlng

E [Experimental] Cellulose powder (Avicell PH—‘IOIJ “‘AsahKasei‘) was "preéhe:ated‘at the
target temperatures of 110, 260, 270, 280, 290 300 °C for lhr rarslng at 10 °C/min
under Nitrogen gas of the flow-rate of 50 ml/mrn 5 mg of the sample was put m a

’stamless steel cup, and heated by a pyrolyzer (PY 2020D Front1er Lab). After the
furnace temperature was ralsed to 800 °C and the temperature condition was stablllzed ‘
the sample was dropped into the furnace and kept at 800 °C for 1 hr i in a Helium gas
atmosphere at ﬂow rate of 50 ml/min. The functional groups of pre- heated samples were
analyzed by FT-IR spectrometer equ1pped Wrth ATR attachment and the microstructure
of heated samples was observed under SEM - ‘ = ‘ '

[Results and Discussions] After ﬂash-‘heatihg,:f the following f’phenomena were
observed by the different pre- -HTTs. Below 270 °C, most of the sample vaporized, but at
280 °C, the outer surfaces showed the meltlng features and the partlcles fused with each
other. At 290 °C, fibrous partlcles connecting with the smooth surfaces were remained,

however, above 300 °C of pre-HTT, the original microstructure of cellulose was

unchanged.




Before flash heating, all the samples maintained the normal microstructure of
‘fcellulose W1th an increase of pre-HTTs, the peak areas of C=C and C=0 in the-'f;“
k pre- heated samples increased, and those of C-H O H and C-O peaks decreased .

These results indicated that the stable structure was formed by pre-heatmg and -
affected the mlcrostructure of carbomzed cellulose by flash- heatmg :

[References] , -
F. Kurosaki, K. Ishlmaru T Hata P Bronsveld E. Kobayash1 and Y. Imamura Carbon‘
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Abstract

Carbonized wood prepared by flash heating at 800°C for 1 h shows a dlfferent mlcrostructure and surface chemical
structure than char formed after slow heating at 4 °C/min to 800 °C for 1 h. Flash heatmg produces pores that are surrounded
by aggregates of carbon structures 25 to 100 nm in cross section. The carbon structures are built up of clearly visible
graphene layers that are often curved and overlap each other in a disordered mannper. The layers consist of a considerable
number of oxygen-containing functional groups. The results suggest that the formation mechanism of the microstructure in
wood carbonized by the flash heating process seems fo originate from fragmented and -oxygen-containing- pyrolysis

compounds in contrast to conventional heating.
© 2003 Elsevier Ltd. All nghts reserved.

Ke)novofds: A. Charcoal; B. PYrolysis; C. Microscopy, X-ray photoelectron specn'oscopy,; D. Texture

1. Introductmn -

The utﬂlzatmn of wood charcoal has recently been given
new impetus by the vast amount of waste wood that has to
be recycled: without becoming an environmental hazard.

“Especially, the use of wood charcoal as a source of

advanced carbon materials has been recognized. Caxbon— '

ized wood that has a porous structure is class1ﬁed as a

non—graphmzmg carbon, which means that the well-known
stacks of graphitic carbon planes are arranged disorderly

[1,2]. The characteristic properties. of such carbon materi-

als are determined by 'its microstructure and surface

chemical structure 3,41 Coritl:ol of the micro or surface
structure of the carbon may yield additional functions for
carbonized: wood. Important parameters influencing the

- microstructure “are the heating - conditions, such as heat
treatment temperature (HTT), heating rate, and gaseous

*Correspondmg author. Tel.: +81‘774—38—3670; fax: +81-

774-38:3678.
E-mail address kurosalq@kuwn kyoto-u.ac.jp (F. Kurosalq)

surroundings [5—8]. For advanced applications, one even
has to be able to control the nanostructure.
“In the case of conventional heating, wood is converted

into carbon by a series of chemical reactions, such as

dehydration; breaking of the C-O, C=0 and C-C bonds,
and repolymerization [9]. The mechanism of thermal

‘conversion is not the same for conventional: or slow

heating and flash heating. Flash heating of wood biomass
with not only carbon but also oxygen and hydrogen makes
it possible for processes to occur concurrently, e.g. frag-
mentation and re-polymerization, leading to a large quanti-
ty of volatiles - evolving during the process [5,10-13].
Many studies have dealt with the gasification and liquefac-
tion of wood, but only a few papers have presented data on
the solid: residue obtained by ﬂashheatmg [5,10-15]. 1t is
believed that different thermal conversion processes may
form' different characteristics in the microstructure and

- chemical states on the surface of wood carbons.

In this study, the microstructure and surface chemical
structure of a carbon residue prepared by slow or flash
heating processes was mvesugated by scanning electron

0008- 6223/ 03/$ — see front matter - © 2003 Elsevier Ltd All rights reserved.

doi:10.1016/S0008-6223(03)00434-2
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microscopy, - scanning probe MiCroscopy, transrm i
electron microscopy and X-ray photoelectron s

copy.

2. Materlals and methods

followed the dlfference bem
~ sample  was brought to L :

carned out ina commermall
2020D; Fronuer Lab)

2.1 Slow heatmg process k f

A 5 mg sample was placed in 4 stai
cup, 5 mm in diameter and 7
treatment was conducted at 100 °C

heating in a helium atmosphere at 4 °C/ mm to0 800 °C. The .
retention time was 1 h, the gas ﬂow rate 50 ml/mm and -

pressure 300 kPa.

2.2 Flash heatmg process

A 5 mg sample was placed in the sa.mphng cup 1t was
pre-heat - treated in the pyrolyzer for 1 h at 100°C.

Subsequently;: the cup was w1thdrawn mto a coolmg

chamber outside the furnace while the furnace temperature ;

* was raised to 800-°C without heatmg the sample
. as the condmons had .

After pyru :
gated by scann
microscopy and

'transm1§s1on electron nncroscopy (Ph1hp

3.1 Yiezd's .

The percentage ylelds of char obtained by weighing mx,

the case of slow and flash heatmg were 22 and 15.5 wt%,

respectively: The yield is  lower after fast pyrolys1s than

after slow pyrolysis. The depolyrnenzauon react1ons in fast

ATAN‘ Imaglng Fllter) The e 1s and O ls:ff ;

s IV and VV: in Fig.

The éorfaée morphology and especially the.gray spots in

Fig. 1d were imaged in a scanning probe microscope.

Two- andthree—ﬁd,iinensiOnal SPM images are shown in
Fig. 2. Most particles were approximately 25 nm in
diameter (VI), but also larger particles up to 100 nm were
present (VII). Some particles were aggregated (VID). Tt is

aev1df-nt that the small partxcles seen-as gray spots in the
:SEM‘ Jmage of F1g 1d consist of three-dimensional
 spherical structures. It can also be seen that the distribution

of the pa:tlcles is not Vety umform and that the partlcles ,

spectra [16 1’ I !
oxygen—conta mng funcuonal groups based on carbon, with
0.27 and 0.30 for the slow and flash heated samples,

~ respectively. With ‘a’ decrease ‘in the number of oxygen-

containing functional groups the O 1s/Cls ratio also




F. Kurosaki et al. Ck‘:arbon,k41 '(200\3')’305

Fig. 1. SEM images of wood charcc
grains (I) and struts (II); (c) fractured

Also given in Table 1 are the FWHM values of the C 1s

peak for the two types of carbonized samples. The C s

‘ / lineshape (FWHM) can be used for the evaluation of the
heated sample. e . S ’ ‘ L surface structure of carbon materials. It decreases. sys-

200.00 nm- . 5p000DX50000nm T

Two— (a) and three—dlmensmnal (b) scanmng probe rmcroscopy mages of the carbon structure on the surface of wood. charcoa]
prepared:by flash heating; the particles correspond to the gray spots as seen in Fig. 1d (IV and ), the 25 nm partlcles are at VI, one of the .
interlinking parts at VII and the 100 nm partlcles at VIII (all the deepest pomts detected as below zero by the ‘robe are assumed zero in the.
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tematically with increasing poly-aromatic character of the
carbon material [16,18]. The FWHM value after flash heat
treatment is narrower than that after slow heat treatment: . The charactensnc features of the ﬂash heatmg processo
This is an indication that, during the flash heating’ process, obtained by thlS research are as follows.
the microstructure with aromatic planes was.more de- ; ‘ L
veloped than durlng the slow heatmg process. : 1. No wood‘ cell structure‘ is observed after flash heating,
co - which is in contrast to the findings after the slow
o - heating process -where the cell structure is maintain d

Table 1 , : L o G »[6]. Obviously, the reactlon dunng flash. heatmg pro-
0 1s/C s ratio and FWHM (C 18) aﬂalYZEd by XPS - ~ gresses in a different way from that during slow
‘ o 1s/C 1s° FWHM (C 1s) - heating. Moreover; the fact that the 'yield of pyro‘ys1s

Slow heating < k 1‘ - ' 027 e i residue was lower means that volatﬂe decomposmon is
ow heating sample. : . s f b t ab d C f lOW—
Flash heating sample 0l 5 more favorable due to a grea er abun ance o v

molecular—we1ght components

19-
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2. Non-graphi zable carbon obtamed by fhe slow heatmg o well-k ; < 'b b fapplymg ﬁash heatlng"'
' : - ‘ the flash heating

d the poss1b1hty
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Effect of pre heatlng and flash heatmg . o
on mlcrostructures of carbomzed cellulose‘? o

Fumio Kurosékik Kengo Ishyimaru, Toshimitsu Hata,;k
Junji Suglyama and Yu1| Imamura
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~ ~ Kyoto Umversnty
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 The difference between slow and Flash heating

' Sample Cup

‘ ’Sample Cup

Heéfér L

Gas Controller




‘PreVlous Study the Control of micro structural by flash heatmg -
Flash-heating sample showed characteristic microstructures.

Using preliminary slow heatmg, before flash-heating,
the effect of flash heatmg on carbomzed wood was restrained.

‘A) 250°C — 800°C

Pre heatlng temperature , ‘ e
Below 250 °C ... orlgmal structure was not remalned

Above 300 °C original structure was,remalued,

- Whatis the cause ?

~ Cellulose is decomposed at about 25 ‘; ;
= 1Is Cellulose important related to the mlcro structural change'?i

280 °C—800 °C

same features with the onqmal cellulose
smooth surfaces, but particles
the particles fused with each other
vaporized (disappeared)
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With the pre-h‘[e'géti‘rigifteni‘peréfufré increasing, L
| Increased, C=C (1600 cm"),C=0 (1700cm*) |
Decreased, C-H (2900 cm”), O-H (3300cm?) |

Smooth surface
| Fused particles

Not remain solid carbon

Below 270 | Rich

[ micro structural change |
by flash heating

| Stable‘structure A

C=C and C=0 9. strues
e by conjugation
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