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1 BUREM &AM ORBE

AMZRMBEL L bov PN T IMRIND & 400°C PLETRRICELT B &R EL hOmMbN, £
LENT VB, CORGBRICOVNTOREOPIRE, J.C. Crorey 5 (1892, P. Kuason 5 (1909,
191002 I X - TR S, ZOBEL DAL L > THEELREINTVS, & 1T 1960 LB OHIZE
BEEOEEICHE L2 ATBRELAVTTOoN b0 T, BERICZNLFIO S D&M THRBICHKE
LT3, UL, ZhbORIOMETEZDIE &AEBBEROREEE MO TITHONTNE DT, HE

OBRBIBTHOONIRE SOARMOBEASRARBERNEONEZLE I hEVS BN D 5. ERIY
MBI DB D EBGEDHES URBIEFEEZB O AN A H 20 R KERBOERT — 2 & 2 DT H4
BETHADIEEZDLY, 4OLLAZO XD IEHERIENY B0,

ROVFEIC R BHRRIL, FRAM ERILED ZNZNDORMC I > TOAWARIED S DIE ST
%o LIcdi~»T, MROBETREMBINGE L REO—E IS ARREFICEET 5 7o I BRVRH &k
{LEED LS 2 HANICHBRINTVLOMNEETSH 5, TN OOREOHBNTREEETT 15
WRALBIETNCENT UTERBMICES Lz, WhWERBEORREIES CEMTE L, CDRDHBHEMN
FIBFBHRFMONEL, T TREVHEOERILOEONLLDTHS

FRAME, —RICRE, @M, SROSTEARTRSIICANONG, ChoOTRT, FERAM
D% 4~20cm, KAEER (REREE) 30~40% CHEINS (BSR RILEIC L - TREES). KN
FIBS HMAOHER, —RICHBRMET 100~400°C M OEEE EFEE I 20°C « B DIT % HEgd
LTHED, BHOBED 30~50°C - B KD W2 5inIc RIAETT 5 L S ICIREE N B, BAIE
JBRBETE, TOBRZBOEITEEA UTRERE 700~1,000°C FTHRAS N2, DX DICHRH
FRRTREGER T I TEBMNEZET 22, HBEOEEOSOARMSNELBELNS,

AADRNEIC L 2 WRABR TR, RIRERBOMESZHE/ S (192D)¥9 1 X - THD T D
NTURBEEREREE S - T 5B, CORSERRSENICE T 2 BRVH O RALBE & LB IEO B
REMBIcDDBME LT NI HETH S, CORVBFICET 5 RALBREDO RS &AM O RGER E DR
BEESSICFHL LB DI, Blic BRICE Y 2 BREOWETEIC L 5 £ F VRILERETT - TH
BRFECEAEPIORBRER L WBRHTAC EBBRETH S Do BEDEFT VRLER IC X 2 BF
RO NE, DR EAED1960 FELIETICIT O b D THREDHIATFIKC L 2 b D TR » 720

AV OANMEBRIEIA~NI trve—X, trvao—2, J 7 =VORBRHDEIMRHBHEEICEHE LA
DHITT B EEZ B HIE®-0, MAEED FREESEERIVNSOENS 2 &1, ROBHIKIDA
Mo RAGBTEZ A2 KM - THBRRO RIS S s KMORAMEBRRIEVT, Rloksan
NENESRB—RICFEEENLEZNIEERD T EMBNZ 90, (1) 3 FERSOLNENO MR
SO SFEERHEMN L 12D, 180~400°C ORJICA K &b SEBEOISHE LN D, (2) SRICX 55
Be—7 pNEIEB LB Ta—~FEisb, (3) 20K~ REMENTABEHT 25 5EIRT
BAEDHETT 5, (4) BREOEEN 200 L5, (5) RHRICET 2EMHBE 550, Rk
MOREIELIL 5. RPFEBRETE, ERECEATEROBEBICEDLINTVEEVZ 2,

BEED AR 8 & OARB ST OBAMRICEET 2 W O rh CRREMICEERM Lc b ORAIED X S Ik
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BH/D IO E b, AR, W EIRE, B ERRAEL S BEROROIEDRIID
FELOFRRRE, ATREIE (T6), KA (DTA), #x/a= 77 74— (GO), FRIMEIIN
~7 rvaHr (AR) BEDH LWEBRTERIZEDTH 2, cNHICK ZHEDUIR, 0B INEGE

B EORENRBEIC K RS & HITD BRI - TIV 2 AR AHEY 2 LTHERIEE HR &1
- 7o
2. KHiZED BahE BiE
BASE LEREIE S o ORBORMAERIC L » TIREICEHE SN, JOERZPIERINT

ARARES72HOT, ZOHMHRENERICHE b DL BbN s, ¢ TRIRNTRRICE D 2Hil
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BT DNTEE LT,

AFEOFEMRI N LM TH 5, UTHE, HELIAMTo v 720 ervn—2, J7=vIEDOkR
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RZ =7 Pov ETLRAHER & 0 S RAGRBICE 1 2 &R BN S OBEE & FUBOEBIC DWW TERE
ATz

T, BEEOENAM 72y 7% 700°C £ TRILL, Z0R{ESE D &K 5RO ERIE Rk,
IWEHEEE S O ONOREREMRA1GTAM 70 v 7 OR(GEBEA BT L, DEICEBRORRNEA
PRI T 7 (TR EWV D) OB, s KOTFEICE Y B R O NIHREERE > & IRER
BERRE1S, BUICHE L HRDTE QB IAANCIR O (1 L 7o AL D ISRAMRBILA < 7 b ov & TEIRAT ORER
& B ICRM OBRAET DO RSO HER &3 L CRERRIT S » 724, & < ICZ ORIBTIE] & ic
L7z

AR O 2GR O— 13, BRI T R HERO CHETH ON 6D TH 5o & CinHky
DR REREZR L O CICHETE MR R O 4 IKEEOBEERLET,

AHIEOWD FEDICHc D, RIKTWER 2 CHEE B D - 7 JUNR PR R L X
DERHBOBERLE T, TRHEEE - LN HBRERIEABZHH%, E DEBICEH O LET,

KK E UTHERERFIBICE N TITON, RO CEKEAV NS 2 BRAR UK,
WHEDERBCE, SERITE LT 0 e F—0E, AR A <2 b v O RIEICH I LT
VT IRREPYAHRE, —MOERICE I LT S0 KM RIGITRZE O EsiaEE, MEETE
H, HEREREE, EMRAREIZNENEHLET.
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KM B L URMESD OSBRSS HLOBIRICE T 2 MBGEE & RAERY (B, #ABLU
BALY) DENFNOBEEOEMNEDE, T7bbAEE & AMEIRE ORICEFESERED
SRBICE<HmONTVS,
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J. C. Cuoreey 5 (1892) & P. Krason (1909, 1910)? SOFOBIEICENT, AP o —2=
D 400°C & TORMNMRIUGIE 270~275°C TR IBIF LA L EICHRAT L LA L P P RADTE
ERB LS LN 2 0REBOBMNIER » S TR Ui, E Heuser 5 (1919)% 3R
) 7= v @ 700°C ETORMEIETIZN 270°C » OoHEDIRE D, 400~450°C ICRHME— 7 b - TE
DEEDHTZADRAEDEOEATH S AR U, MEE—MS (1937 LU BhgE— (1967)20
BAKM &2 OFEER SO 500°C T TOMNMEGRIES ARFIC L 5RO BEME TR, Fv7 v, V7
=Y, wnvo—20BICANRSIGEN, ZOPTY 7= Y OMRRKEND 2P0 TH - T, AME
INOERDOANREPOTHEINS XD B THRMET 5L LTS,

TS DMIT, AP I OAMEDSOEDHE (~500°C) & B0 IHAL (~1,00000) OBBICET 58
& A ADERER LT L ORSMROZAO 19230 RAOILE & T 6 OILHEB XURS
DOHURTL & B O ZALY 10342 35 DI DINT D £ OIREMN 1960 FCAF TR IN, TO
HPICERBEZ B ORFIC X 28 S A EN T, 20Kk, BOWBERICE W TNERENICE 5
NI RACD TSR A <7 v QIR LR O BT 3 70h B BERNEIC & 5 BUBEE R
Wr 78 5 ONIC TRZEBGMIT 1 & 5 BN E) & BV R IC BRI A HFYE 18 & QGO ~2049~198) 33 & d e 33 T
Us o OINEFESIAMEISAFHY T 2 L TEQIERLEFLE L -1 TILO DBADHE M
WICHAHRAC S X DD TEERSDEN > TETNED, TOEEAEIYUBEIICIZLDT, K
BEES20EAM Ty 7 2HORESRY SN ERERANRRO A THFRELEVHE S
/I,

ROEICE S B RABIZABRT B 7o KGR B 42 BERICE < LT ThiL o e 7 v RERRIRT
FATN L Ddpd BP0 5, DWFNHRERD & 5 IREEOFITIESAN OGN TS b -7ce Lichi-
T, EBIGEVKE SO, EEBIGEO MG TSR 2 3RILETY, Z0BEREH LY
FHTHERTAC LI > TAETHLNE A - FLOARAMEEN A3 T, BRENORHAN LD
FEMICE 2 ETFHRIN S,

2. 400°C £ TOARMT O v ¥ DESH

SR U FAM 70 o 7 28 & LT, 160~310°C % 20°C « B~ D FHRIEEE TIEL L 400°C T
BB LI, CORSERTCET 2BBEEB L, MARERRICYOMELMT DRERIL &K ST,
R & UTORM R OB fihic ks 2 EREEAEE S X OREREEDOELE R B RO RRHEE
IR ATT - C, TOMORERE EDIAM 70 v 7 OBNBRAEBRE LT,

(1) EBRFE

a0 R ¥t

RZF¥PF (1644, & 7.5cm, HEEBE), =478 (2044, %8.0cm, REHME) BLUEv VY
Fo8k (440, % 7.5cm, BIE0.85cm, HAEE) © FAKAME BS 8.0cm F* 2R -T2
ZENRB (AF, aFIHMOAH) JHLIEDOERRE Uico SRBOVIKIEERITENENNIS
(BEE®) Thd, 1 HORMCHOLANOEREERR, AFMTIE1IMEH200g, 2FTHMT
2153008, EYVUFIMTHE 2B 2008 TH %,

(1-2) &5 iR ik

FRFHT Z OGRS > T 2 2HED & Lice HOMRIGIESS & QB R IRA R KM T 2 Frscusr-Scura-
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DER T W =a—2alb vt (MM 16cm, NEE 9cem, EEXHNOD 9em, FHEL 600cc) ZHNTIT
~To REERIEDMIER LV by M AN 2 2ED Bkto Wodd, NRERED B 4cm OFTH
%o WEDORIEIR 7 v A—T 0 A VEESR, WHEABLIC M nx—2ck D, BEREY PV DS
Fe DL > THEAICE LT 5,

IR, 120D 30437 120°C, 1T 160°C i L, £ D% 310°C £ T 20°C « B[t (0.33°C -
5371) DHEET BLR L, 7RUVT 30 AT 360°C i, 1T 400°C IcL, =D F % 30 S L.
TR A 10 HTH 2.

B U2 (g) A (1) OBIZ 3045 &l L, GBS v P P EESHRRD
Lico HABOBEERNREAT 2 A —2 —lCk 5720

(1-3)  JIENELEE B A L DRGS0

TR D K] & TR 180°C, 260°C, 310°C, 400°C (10 M[HE) T & aning L Bh iy
i U728 B A& o3 ik & Ureo RALEEUR & iRbiZ 2 e e i U, 45 50~100 2 v & 2 D

5% STk L 7o

Gl n — 2O R, AEE-ORIBEREEE, 3750 bR LIRIC & 5 BRI R L & TR
flg o MY U LIRIRIC & DIMHE I LEIC K ~ 7o OfBDHUILSME B I AR BEEE T 21T X o 2o
tods, KOOERE O BER 1g iKhE o MBI KER M Tk 700°C TRIL Uiz, 72% TARLIIERE
Krason ) /"= v & ULTHERL, KOMEIREPE 1 FLL RiiEsiciie Ui,

BiEiE, SMmic o0 Tidalel Gaig) £ U, SEERS, A M FvaBic o0 T3 T v a
= e RV N Uik G 2HE LTEnEnsl L

(1-4)  INBGELEERIER (L D UL R AT & 20y

CNEDHIE, ZFEHMEIF ITMERPIE LIcb DD AIT DN TIT - 1o, £tk E 20RMEIT TN
ZIWL, 200 A v ¥ o LUF O ILHMTIC,  60~100 # » ¥ o O %TEMTICHE L 72,

JEFR T BT R T S =N - U ROK R ST R UM-2 2T, TEATEAK - 2—7 2%
DI TIS M 8812 (1963) 108 15 THT — 72200

(2) #EHREHE

-0 AM 7wy s OESRICE T D E &AM O Z4b

AMOBNFRRE, RO, K& LR, KOEHED I UBNREE S O CICmEGEL &
DOHEICX > TED WD 5 TL 5 CEFBEDOWD L DhOREPI- WD BLIBLNTH S
COERITBINT, 160~310°C D 0. 33°C « 571 OINFGEEEE, RM OMMEICHT 2 01k0E <
DY THO SN AR EEIC R TR LOPUEEDTH L, TOLEGTREO X S ITREAM

U A MEL T2 & T A 2 OBGMRD IINIEICH#ETT L, D3 310~400°C [#]% 0.6~0.9°C » 4371

EA USRO B EAREE I LT T8O & 2 BOMRRRD 5 5Nl & &b & EEMES S Sh
7o

Fig, 1 IR Lz&AM 7 2 v 7 HE O MAMESRICE N T, 200~400°C OB KR & RABOLERK
BiEERT e othit 4 — v BSHIICELIL, WINbAMORSRRRT L EbLTEY, &
OFEEOBASHIIEEH ZD N &DAERIHRIC SEHD ©— 2 BENFNICED bz, WEOHTC
DRZ =P VRIS ADIE, WMEONEDOEIKIEEDEEZ NS, 200°C LIFOBBICDOWTI,
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Table . A# 7w v 7 &K o # &
Chemical analyses of the carbonaceous residues
e I
W W #»  Solubility in [
=R = | ZAa)
Kb o T A B 7K 43 ) . . % Foa—) |
. N Bk Tk ) 1% Ry ‘
Kind of wood Max. temp.| Moisture Cold water | Hot water NaOH Alcohol- |
0, b |
0 (%) (%) %) %) @
%@ﬂ 1.7 0.2 1.4 8.8 0.7 |
2 N rig. |
SUGI ] 180 10.9 0.5 2.1 10,0 0.7 !
. 260 6.6 .2 2.4 10. 3 3.3
<C’ypt0%§)'(jzm) 310 a7 0.3 .4 3.0 1.8
400 6.7 0.1 0.4 .0 0.0
,,,,,,,,,,,,,,,,,,,,,,,,,,,, FE -
Orig. 11.5 4.0 7.0 19. 6 1.5
b + Vi 180 10. 8 3.9 7.5 21.8 1.9
KONARA 260 7.7 1.3 2.7 22.3 5.4
(Quercus serrata) 310 5.7 0.2 0.7 2.5 1.6
] 400 6.3 0.1 0.5 0.9 0.2
VR T R I
} ﬁ%%ﬁ 11.3 4,2 6.6 25.5 ’ 5.0
£V /9T 185 9.5 3.2 6 27.3 | 4.8
MOSO BAMBOO | ~ ' ' 7 :
i 260 6.0 0.8 2.1 21.3 3.9
(Phy”zigiﬁigns) | 310 5.8 0.3 0.7 0.2 1.2
400 5.9 0.3 0.5 0.0 0.1
a) SAMEREIEICE T 5 %, Percentage of air-dry original wood.
b) M AR EREIEICHY 5%, Percentage of oven-dry original wood.
T 14 111111 30 12 T T T T T 30 12
7 X ' | =+ 2t
b [T SUGI WOOD (2126,M.13.8%) N © bl MOS0 BAMBOO (1866,m,13.3%
w3 400 {20 58 . o 400 5
g g2 7 s = A
= =3 1% 2 w2
w fricgm b ng W NG
g 200 "2 4 g 200 4
oL ‘ o o 3 o
5 0! 02 58 10 0
WH
lfylM T T T 30 12 leME, HR.
[} L 2T I f
‘;j KONARA WOOD (2996,M.13.4%) ci : M: Eﬁ*{‘@/}(ﬁj\ﬁﬁﬁ (5 B )
E] £ TN Moisture of wood sample (wet basis),
S o 8 —=HSRRE
& Z Pyrolysis temperature,
- “ O=303ITER LI 2 &
0 Amount of gas evolved in every 30 min.,

|53
TIME, HR.

i

@ =30 I ER LS

Amount of distillate produced in every 30 min.

Fig. 1 R# 7 v v 7 ORGEREM
The processes of pyrolysis of wood block to 400°C.



At D AT 25 GRilD — 13 —
i X Do n R O 5T
from pyrolysis of wood block to different temperatures
L —29 Cellulose |
co) S s A9 L =)
I 1~ YO ) T=ve ;Efgé AL RS
& @ | B »‘ v | Krason i Yield of
Total Alpha | Beta Gamma Pentosan | lignin Meth-oxyl residue
(%) (%) (%) (%) @ | @ (%) (%)
49. 6 34.1 7.1 8.4 13.9 § 34.7 5.9 100, 0
|
50. 0 36.2 4,9 8.9 14,1 38.9 5.8 103.7
38.9 | 206 16. 6 1.7 1.9 46. 1 4.1 89.4
0.0 . - - B 5 3. 53.8
trace
— — — — — 40. 4 40.5
56.3 37.4 8.3 10.3 23.8 | 18.4 5.7 100. 0
60,0 41.6 3.0 15, 4 24.5 19. 3 5.8 102, 1
41,8 21.1 18.8 1.9 2.2 34,1 4.3 81.6
0.1 - — — ;E‘ ) 44,5 2.4 45,1
trace
— — — — — 34,1 0.2 34, 4
46.0 23.6 18.1 4,3 30,3 25.9 5.5 100. 0
46, 8 29. 4 13.8 3.6 29.2 26,5 5.4 100. 0
18.9 4,2 13.6 1.1 1.5 43,0 4,2 78.7
0.3 — — — B 48.5 1.5 49,9
trace
- — — — - 40,0 0.2 40.9
! PP —

c) T a— vy — BT AR M R T 5 %,

Percentage of oven-dry, alcohol-benzene extractive-free original wood.

Table 2. AM 7 v 7 RO BGEFIC X DG LN RGO CHE ST & K O LR
Elemental and proximate analyses of the carbonaceous residues from
pyrolysis of wood block to different temperatures

o H
Material

2 F B

SUGI
wood

a3 T

KONARA
wood

Max.
temp.

§9)

Orig.
180
260
310
400

| e

Orig.
180

260
310
400

¥ Ek»  Composition

T ¥ 4 #f Proximate analysis

i‘
|

|
|
\
|

i

72.70
81,05

6. 00
6.03
5.79
4,31
3.00

ow | K 5
Moisture
(%) (%)
42,23 l 9.2
42,17 8.3
36.62 6.3
23.19 5.9
19. 29 6.9
44,63 | 8.5
44.67 | 8.1
36.90 | 7.0
22.99 | 6.5
15.95 6.6

K5
Ash

(%>

A S

©c oo oo
@ N W

O ® W

e |

Ly
Volatile
matter
(%)
82.6
82.8
77.0
47. 4
36.1

| 85.4
L 86,4
s
| 45.2
| 3lL.4

Fixed
carbon
(%)

7.6
8.6
16. 3
45,9

a) JRSGEHIIES A, Corrected for ash.

b) 100—BEE LK+ kA

B=BAEHER(BICI DI,
Calculated by the equation : oxygen content(%)=100—carbon

and hydrogen contents(%).
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Table 3. A 7 1 v 7 BEORILIC & 5 B
Dimensional changes of wood block carbonized
to different temperatures

5B | mEmuE Rifa% Shrinkage (%)
v : Max. temp. | £ & 7 M | W & G M
Material ’ 0 Longitudinal Radial
T LT N T
Orig. 0.0 .0
180 0.0 7
z X H 260 0.6 .9
SUGI wood 310 4,3 11.3
| 400 11.3 17,1
\ 700 17,1 | 29.2
mg@m | 0.0 | 0.0
rig. |
180 .0 i 1.8
a F 7 W 260 ‘ 1.1 ! 7.6
KONARA wood 310 | 4.1 18.7
400 ? 11.2 21,9
700" 19.0 27.0

a) MOERT—2ICkD,
These values were given from the experimental data in Chapt. IIL

50~60°C 705 A7 2 DR LIZ U 170°C A FTDI%, 120~130°C 5k HE AT UE - T 200°C
B TODL . COWMBORAE T 2 ITHENOELDREM & WEHCRE SN A ADRBICE 55D
LEZ N0, KOBILIZEHOEEKRIOERICLZ DT, £ 200°C £ TORDEBIHHBAM O
EREIRIC ST b,

Table 1 QRILIOHBEATOREIC ENUZT, <V PV E g2 —ZDOKRIPHIL ST oy -t
v —ZO—EH 260°C FTIC, ZNS5DEDIE 310°C FTIKAHRL TS, Krason ) /= O B
310°C FTHREIHEML TS, LhL, V7/=vby b robia—2 ERERRIC 200°C §ikd &
SRS A LT NI COBELD ETEARLUTHET 2133 TH L. Lcd T, 260°C BXU 310
°C ORALID 51 Stz Kuason ) 7= v OBOWNZ, 310°C T Y 7= v ORENHTHTLED
WY 7=V~ e e — 2B L e — RDMRERET IS0 B ARG LIRS DL 18- 7c[E
RERIOBIND > TNBCEICLBEFELLNG,

K ORASRIUBIZRATREDT BT E 5,

B
R GO — STV SRR e (1)
TR

(1) RckOT, ASMMBRICRBYEOARR UG OFH THRBIRMS, BbsEDICL
oW EDOAM (UEY) RBEL, A0 2004 ERMITE L5 bBET 5o ERLKYMBRIMICL S
DBEEEZ ON DL EOTRENDEL I - BT, BUBKTH (400°C) icid RERIGEWHE &8
b, 2DEEORNBRIRIMOEINTH 5, SBERVITHBIE (REHEERZ —v) &4 (COy CO
E) Thb, MHEMETH 5 AW (B %100 &4hud, FRETRICB T 5 ROMHEORMER S

Ta
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(BG4 & 2 >OABRHIOGFHIFIC 100 TH D, ISR FR A U5 B30 &350 2 20k
BID AR A3 100 E78 6 o AMOBMARIC & - THEBICRAGY & SRRk Als 2 28, SO THoh

D RACPIBATAD £ D IR IO AM ST S & REORAERY & DREAMTH 200, K
IRHETHIC B U 5 RAGY & QIR D BRI EICI BB BT H 5o BUSK TRHCE D TO SR
BB ITH B

Table 1 @7 —2 & (1) Kb & EREERIHRALYH O K GRS & AT & OSKURLE7E &
G ibis & O BRINEGRA IMBEMEOKRM 7 o v 75k Gl e s@E —2 v & UTENT
Bk, KM BB B~ kro—2, tro—=2, U 7=vd3 sk ok, kot
HOMBBEZ I TR PMICamLisndb ol L, AMORBRICENT ) /=i 310°C T2 O
HAREDBEN AT A P A F VDL SR, Table 1 icB1F 5 4 b A+ Y VERT~TY 7= vich
HKET2bDE Ul TN DREITEEEE Table 4 (KR L7z,

Table 4 I L4id, ~3 o —203 260°C TR DT 505 810°C K5 -~ TH TR HTH
WS> T D, wro—Rid 260°C FTICED—D5, 310°C ETICE DI EAEDHRERDY, V7

= VORI 310°C £ TR DT LT D 310~400°C (k) [T 2 DRI BT 2 (OEE- %5)
D FEIRDLE, W. Sanpermany 5%, M. Kosik 55, G. E. Domeure 5129, ZE K-/ 52002 1 5 (L1
Table 4. AM 7w v 7R OB EICE W 2 K6 & UTOAM O B EEER,
BlRH X UKURER Y O B BRI & IR O E
Residual percentages of wood as a reactant, productive percentages
of solid and gaseous products, and yields of the carbonaceous residues
from pyrolysls of wood block to different temperatures”
@ B JAu Jw sLTokM o o L7 MWM
BERE Wood as a reactant ‘ Product W &=
i = T — 1 Yield of
Max. .. R ; I .oy |carbona-
Material | temp. ~lz;vm~7\§é;lxi~7\‘ DA I N [N ‘ ZZN coOUS
i Cellulose | Hulose Lignin Wood Solid Gdscous residue
(UC) cellu ()Sej ) . | N
o (%) %) 1 %) @) | B | (%) (%)
2000 49,6 15,7 § 34.7 100. 0 i 0.0 ; 0.0 100.0
*EH 260 38.9 4.4 | 329 76.2 | 13.2 | 10,6 89. 4
SUGI 310 0.0 0.1 | 326 32.7 2001 | 46,2 53.8
wood :
400 | — - | — 0.0 | 40,5 59.5 40.5
i | 1 i
190® 56.0 25,6 14,8 | 100.0 0.0 0.0 100. 0
237 # 260 41.8 5.7 17.0 64.5 17,1 18. 4 81.6
K%Vl\g‘glc}le 310 0.1 0.5 15,1 | 158.7 29,4 54.9 45,1
400 — — —_ 0.0 i 34, 4 65, 6 34, 4
|
S ) ‘ S
b) S 25 ) |
BT F 180 46,0 28.1 25.9 100.0 0.0 0.0 } 100. 0
2 260 18.9 16.8 24,6 60. 3 18. 4 2.3 | 78.7
MOSO 310 0.3 1.1 21.9 23.3 26.6 50,1 | 49,9
bamboao 400 — — — | 0o 40,9 | 59.1 | 40.9

a) FNTOHIEL Table 1 & Fig. 1 OF — 2 &MAL, MEAMSEIEICETS % &L TEE,
All values were calculated using the actual data of Table 1 and Fig. 1 and these are percentages
of oven-dry original wood.

b) /M/LJQM@}M}W BHRATRE, Initial temp. for the pyrolysis of wood.

c) HKEY A LS (M), Gaseous product @ gas and vapour (distillate).
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DB, KRBT QRIS E ORFIBL LT 5,

Table 2 OR{LYDITLEMKE Table 3 Offic & 5 AM QIR OE I Lhid, 260~310°C BT
RADDORBEOEHRNVAKEL D, BILEROIMOAICKE B0 CORERHBTIL
EEREE E BB OB B E LD THE LV ETEE NS,

(2-2) KM 7wy s OBSHICE Y 2R AN (Y OEREERIE

AMOBGRICENT, ZOMBRKICEY 2PHERSE Wo &L, AT TOd 2R t TTOR
RERMERE Wop, EERBIUTEROARMEFERE W), ZORMtICET 3 RICYEBEEERS
We, FINHBREERE W, L3 NIEREOBEHEMKILT %,

Wc=Wo~ng .............................. (2)
We=Wo—Wp, e (3)
K7 oy 7 B O MO MBIRIEE I 180~200°C TH D, D& xDFHER RAKOKLES

THHH, T TRZOMBREE 200°C §ik TON AORELMET ARBELT 5. TOREEEED
HIFEIRBBICIS » 7o L S OB E PR EAE—BT 288 (RFH) L2NLD D ULEWRETH 2D
LB 256 (2790, BV IFIM) Lab b, 0L ICHSMIIMRE B > TS

Table 5. a4 7347w v 7 EEORSFITDONT 190°C (BRERIEE)
5 400°C FTOFEPMME & HEMD

Actual and calculated values on the pyrolysis of KONARA
wood block from 190°C (initial temp.) to 400°C

i

; e
# A Lot e e § )
5 q | om W - SRR |7 (|
]%TimeHj B pE{ {%is dilatﬂg - Ea’ | Gaseous | Carbonaceous residue
(@) (G) 1. 86D product
(hr) o (€:9) 1) (2) (&) (2) (%)
2.5 190 0.0 0.00 0.0 0.0 258.9 100. 0
3.0 200 0.0 0.10 0.2 0.2 258. 7 99.9
3.5 210 2.5 0.315 0.6 3.1 255. 6 98.7
4,0 220 3.0 0. 44 0.8 3.8 251, 8 97.3
4.5 230 10. 3 1.80 3.3 13.6 238. 2 92.0
5.0 240 8.4 1.50 2.8 11.2 227.0 87.7
5.5 250 8.7 1.60 3.0 1.7 | 2153 83.2
6.0 260 3.0 0.55 Lo 40 | 2113 81.6
6.5 270 | 6.9 1.35 2.5 | 9.4 201.9 | 78.0
7.0 280 7.1 1. 50 2.8 9.9 192.0 74.2
7.5 290 | 18.6 4.50 8. 4 27.0 165.0 63.7
8.0 300 | 30.2 6.90 12.8 43.0 122.0 47.1
8.5 310 ‘ 4.1 0.58 1.1 5.2 116.8 45, 1
9.0 360 | 4.1 1.12 2.1 6.2 110. 6 42.7
9.5 400 9.3 5.73 | 10. 6 19.9 90.7 35.0
10.0 400 0.7 0.515 1.0 1.7 89.0 | 34,4
I ; B | : R S
Total L9 |25 | 530 | 1699 | |

a) j\ﬁmi)lﬁl Wood sample : 209 g (7kﬁ-} moisture 13.4%), 258.9g (% E oven-dry weight), B ok
}% charcoal obtained : 89.0 g.

b) H A Gas(g)=Gas(D)x1.86: &H AEE/LH A8 total gas weight(g)/total gas volume()) =(258.9
—116.9—89.0)/28.5=1. 86.
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BRI D OB OBEY, CEIEEOEICIL6DTHEA Do T8bE, Filk O R RE
13, AFHMTIE 200°C, 3FI7HMTIF190°C, €2 9 FI7HTIE180CTH -7,
SURERID S O H 2 kR Fig. L IORLUIc X S IERE (1) THE Lzh s InET N TEE

(g) TEDLTLEVNETH D, T TR SR TIFETORLERA 2D EEAZDEET

Eloyeiign 2 1Mz 0 O iERE LTRY, COEDiE MO 30 40 & L ICHlE Stk

BN ZARRICR U CRISINE 7 2 BE & Ulc, &0 0 2 0ERE, WBlofEs (Das) »

SERINEE LURTHORMMOFERZ L LHTENOND, COHBICE - T, HADNWEER S
LT 18g M ARDEN 1617, #5417 RIFFINE 7 2 EEICHIET 2 %8 ik E 8L A iE 5

WSO S ERBE OGNS, KT (2) RIS K - THIHER W 25 C O&IK LR ORI I%

HERZ MRS Lol RIS ARG g We LT &, D30T I 6 IR 4 B & AL

YEBEREENRD 5115, Table 5 a5 77 m v 7 B OBAO Fitic & 2tERER 2R Uico
i Table 5 O X 5 icf St BISASURLER O 48 & &SR owlHER L 5 U Table 4 [KOR
U7 Insda B B Y, s L ORI oo BINBIRZ I T — 4 & L TRlKE X OSURD LR

Table 6. 27787 oy ZEHKBOMIMRICE T S E LTD
AR OB A7 B O R
Calculated values on residual weight changes of the wood block
as a reactant during pyr01y51s of KONARA wood block to 400°C

= i3 XMM\/ 37 4 /{ ’ch 1%;” e & UTOARM O EED
‘”‘LT emp P~ Gaseous product Total product Residue of wood as a reactant
>Imp. Gp) (Gp) X a s
) (2) (2) (&) (%)

190 0 0.0 258.9 100.0

200 .2 0.4 258.5 99, 8

210 .1 6.0 252,95 97.5

220 3.8 7.3 245, 2 94,7

230 13.6 26,2 219.0 84. 6

240 11.2 21.6 197. 4 76,2

250 11,7 22,6 174.8 67.5

260 4.0 7.7 167, 1 64,5

270 9,4 12.6 154.5 59.7

280 9.9 13.2 141, 3 54. 6

290 27.0 36,2 105, 1 40, 6

300 43,0 57,6 47.5 18.3

310 5.2 6.9 40. 6 15,7

360 6.2 9.1 31.5 12,2

400 19,9 29.0 2.5 1.0

400 1.7 2.5 0.0 0.0

Total ' 169.9 | 258.9 ‘ ‘

a) A&k EEERY - SARERY, o Tabled OF ~ 2 p 5 a=L40H I 8/ G ERYERIC K - TEHH,
Total product : solid and gaseous products. « : Calculated as follows by a=total product(g)/gaseous
product(g) from the data of Table 4. 190 to 260°C : a1=35.5/18.4=1.93, 260 to 310°C : ag=48.8/
36.5=1.34, 310 to 400°C : ag=15.7/10.7=1.46.

b) FEME UTOARMOEFEER KM OPINER~4 Bk YE R
Residue of wood as a reactant : initial weight of wood as a reactant-weight of total product.
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MEHEETBOE 2ERYO BIKNEEBLZHEDR L, (3) Nk - TR ORI IS E
FEER W, 26BN S EBEEERERM I, Table 6 iKa+ 470y 7o HE60 LR
& B REREIRAIR Ui

CNLORRPSEONIAM 70 v 7 R ORGSR B T 2RI &AM GUEY) O&EREFE
fhi 4 Fig. 2 KR LT,

Fig. 2 KB 2RAMEFIHDOEBBREBMBEOL 04 — /1L, BEEDOIFEWDI BT 5 8%
SGth LR 2B HRBESHEP TR O TG RO £/ %2 — v CEhDTHHU LTS, L
b 400°C T TORSRIIED 3 BRIICETT 52 L2 X RLTHD, &<K&m%Q£§&ﬁ$%M
BERKHETTE LN TG o 2 — vig, KIS0 EREERRE HIReERkhcgone
TG D ¥4 — VICZNZENIPTND &3, KMOBRSMRICEB Y % 2 DOl % H—EF TR UK
CEICIRBTHEA D Fio, WHEOEZEAEEBYOLERFARDLLTED, CUDBMAEED LA L
EHICHEBICHEINL, ElRshi BERARYIE BEISY L0 b 2O TRIMEINDPTVHETH
D, LEh->TRMOMBICE - TEBERREAET 250 LMBINTE DY THKDO S 5 R MYHET
b

(2-3) AM7 o7 QEGIRICE Y 2R (BUBY) DEERE & OISO G HAL © 2ov £ —

Kby QUG ORI I 5 BERNTE (3) RNk D FIHEE Wo b oK EWEEER W, A1)
WIERD, TRLBERE LUSKRO LG EE O D& lERE W, KE LY. COFEBRTR
Wb SN FHETIMAINTE D, AR 30 /T & 044 ki EH Table 6 1T/RY
i shize Uiedd-> T, K# UGUSY) OASRINEERE 30 2O ViliadE (g ) »
KON Bo DL REMEE THOMBEBICTT biic & & DEERA 30 AN 2IRETH 5203,
CCTRPMD% 150 B OB (Table 7 ONVEHHE) L9 5,

WA [ R D B3 SUBIC 38 1 % BUSH D il s FEEEIZ IR T R A S 41 5 09709991132)200) ~208)

dw
— 2 =RWn i e e
dt (4)
100 I T T 100 100 T T T T
L ZEH L s TG YT
SUGT WOOD MOS0 BAMBOO
80 - \ 80 805
<60 1= \\ 60} 60}
i, ! L '
.3 T ! i !
Sig |- | sl 4of- 4
[y i
= \\\ - = d \\ o
204 v 20} 204 N -
\ N
L. A » = N\ n
[y hY
1 § i L% 0 0 1 ] L H }"~
200 300 400 200 300 400 200 300 400

g
e JE

TEMPERATURE, °C
Fig. 2 KM 7 v 7 OBSHICE D 5 EEERFE R
Residual weight percent curves of wood block heated to 400°C.
HogalR IO 4 3 H4 % Percentage of oven-dry original wood.
——=® {t ¥  Carbonaceous residue of sample.
~~~~~~ =K s ¥ Residue of sample as a reactant.
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Table 7. MLt LToOa+ M7 m v 7 30RO ORI IG
Z BT B— RE) ST — 2

First order kinetics data for the pyrolysis of KONARA
wood block as a reactant to 400°C

THHEAEY | OTERmEY | |
R CR Y Av. rate of Av. welght 1 po) 600 log (—duwjdt) —
AV. temp. weight loss of residue log W
(—dw/dt) W)
) (g/min) €] K

190 0. 000 258.9

195 0.013 258.7 2.1 -4, 30

205 0. 200 255.5 2.09 —~3.11

215 0. 243 248. 8 2.05 —3.01

225 0.873 232.1 2,01 —2.24

235 0.720 208. 2 1.97 ~ 2,46

245 0.753 186. 1 1.93 —2.39

255 0. 257 170.9 1.89 —2.82

265 0. 420 ' 160. 8 1.86 —2.58

275 0. 440 147.9 ! 1.82 —2.53

285 1.207 123.2 ‘ 1.79 -2.01

295 1.920 76.3 1.76 —1.60

305 0. 230 | 44,0 1.73 —2.28

335 0, 303 36.0 3 1. 64 —2.07

380 0. 967 16,0 } 1.53 — 1,22

400 ‘ 0. 083 1.2 1. 49 —1.16

a) Table 6 OF — 21Tk VFIEE, Calculated using the data of Table 6.

Table 8. f# 7o v 73V OB IR DL = v F —
Activation energy for the pyrolysis of wood block to 400°C

SR 4 T Wi Pk b
2 ! il BE i P I FE —
Temperature Activation
Material range energy
co | (ealmob
210 ~ 230 33
P 230 ~ 270 13
SUGI wood 280 ~ 310 78
310 ~ 400 34
210 ~ 230 49
o+ 5k 250 ~ 270 37
KONARA wood 270 ~ 300 71
310 ~ 400 35
190 ~ 210 31
=V UFIM . o
250 ~ 280 50
MOSO bamboo >
300 ~~ 400 31
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V) a2+
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1600} - - =11600
Z14004 — ~{1400
z
2
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23
=
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o I s @1 s Bareoo
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TEMPERATURE, °C TEMPERATURE, °C TEMPERATURE, °C
Fig. 3 JUSYE LTOARM 7 0w 7 ORDRICE T 2 S5 EEEEE
Average rate curve of weight loss of wood block as
a reactant during pyrolysis to 400°C.
1 -1 -1
B T 1 1 T 1 T 1 101 T T 1 ¥ T T T
) 2 %M g+ 5 o £V IF I8
SUGT WOOD KONARA WOOD K MOSO BAMBOO
= O
E‘-z_ - -2k o -2 o -
L
3 o
% %%
< o QOOQ
3
[+)
NS 4 b Jd oz N
2 i i ] 1 ] I i i i i i i i i ] B ] i
1.4 1.6 1.8 2.0 1.4 1.6 1.8 2.0 1.4 1.6 1.8 2.0 2.2

T x 1000,°KL YT x 1000,°K2

Fig. 4 KM 7a v 7 OBAEIIGICE T 5 KIS0 RBERER (—REIE

F—BDTV=a—~R+7Fay b
Arruenius plot for first order kinetics of the pyrolysis
of wood block to 400°C.
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W= 21 t 1B B UMD R, k= UNREER, n=IEIH
(4) RCBNT, kOIMMEEICHT 22T 7 b= 2 — % (Arrmenws) OF, (5) KD &L,
A DA L IRBUETSH 5 EF1UT (6) XME 55,
b=A, EIRT (5)
A=UABENT, E={EHR 3 F—, R=5M5E8 (1. 99 cal/mol-°K),
=ML, K

(5) X4 (4) MICA L THE ORI & O EilRd 2,

log(— G ) —log W—log A= (g g o (6
BOIEEL T v — E (keal/mol) i log(——if;}) —log W % 1/TX100°K-1 1cd LT 2 v

LTSI EROME h SR LN D
Table 7 a3 74 7 1 v 7 RO BSMREISIC B 240 (UGS O VIERE & HElEEE B &
O REr R R & OB IC Y 5 7 — 2 2R Lz Fig. 3 Ik 7 a v 2 3F OB RIC
DAK (BB ORISR AR Ui, Fig. 4 BAM 7 1 v 7 2080 BOMARBURIT B 1
AW (BUSHD ORWEBHERFT ~24DTb=a~A -« 0y FTHb, Table 8 |2 [EF~2hbBoN

fe kb 70 o 7 BB O BRBUE D IR L = F v F — DEEIR Lo
Fig. 3 okt (UK o e s g izl 400°C o B TE it 3o ke —2 (1),
(2), (3) #EBb, K&—7 (1) OWMBICEBTEICE > T/INE—2 H 20V a v 2B 1~ 3 R

D HNTe INHRE~T FZulhE Ul 3 B OEMRIE, Table 1, 4 DR & UGH D AL
DOFERMP O L ©— 7 DROMRIIIRIRE D #9 200°C 705 260°C 2 TRFELTAIwvE~2, HFH2K
— 2@ 260°C 5 310°C FTIEHTEE L Tera—2, 3 E—7 0 310~400°C (B#) BEELLT IS
= VORMBREBTICHYT 2 EEL 01 %,

Table 8 1R LicAM (SU) OBGMEIUNT E U 2 F BRSO IG5 (b = v F — ORUE IR
FRALSV B XURA/ANAZTOHREESIH PO TG thific L > TR LN RELIBTHY,

FERTPO TG fhiftic L - THONHEL D b,

TCETORM BUSY) ORSMBEIRIT DO TORET, ORI D bAM DR wE X b HRE
WA LS bbb,

3. 400°C FTOENO—~RED SV DBGIR

BuiERs, A8, SBIEOZM L0 7B L0 Kuason ) 7' = v 78 XAk E L THIM & B ik
TENENAERSH L, AP EERS ORMDHERIRIC DV TR L,

(1) BRIk
1D & b
Bif & AIRDSREHITTI DO & 0% Mt ARKEVRHIEIEAHL No. 7 (1% 7em,  JK4) 0.00001 g/
1) TH 2o 7L Kuason ) 7= vOLHRIKRDO LI LTE SN,
FIEOEBR OO ERLRE, a+7, YV Y F7OEMEZNZTNEL, 40~100 #
y V2 DB E 20~40 4 v VA DIHEED, FAENL S OFEY — FIRIEIC X 2 MR OEMNCD
WCHIE DS (40100 £ v ¥ 2) BT A, BEDES (20740 4 v ¥ 2) /b Kuasow ) 7=
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Table 9. % B =% B o 2

Analyses of experimental materials

= ¥ Ik s %lfhx-;‘; L)‘ l‘g‘éb:\)l vov
Material Moisture c elll)uli se Methoxyl

(%) (%) (%

it 5 i Absorbent cotton ‘ 3.0 97.7

A e Filter paper 3.3 97.1

2 F M o0 7 SUGI wood pulp 5.0 77.7

a4+ 5 oo S KONARA wood pulp 3.6 76. 4

TV IF IS MOSO bamboo pulp 3.0 89.8

ZE¥EMY S = v SUGI wood Kiason lignin 4.8 16.3

aF I VS=Y KONARA wood Kuasox lignin 17.5 22.3

YUY YF I 7= MOSO bamboo Krasow lignin 14.3 17.5

a) SEREEICHI 2%, Percentage of air-dry material.
b) MEE, Tooa—naxy =il T AR RIS 2 %,

Percentage of oven-dry, alcohol-benzene extractive-free material.

vEENENTEE Ui, »ov 7 ORBIENERRNIE FERKN 10% &6) & 20% MBERIc L 2E%
{b& 1% Bty — Z LA I E T 2 07k, &7z Kuason Y 7' = v BT 72% Wilrdic 2 h
Tk 70

BEBRERIOKSY, a-tra—2BIUEA M F Y VEOERRAMEESTEO Lk, 2hb0D
WA Table 9 KR L7z,

(1-2) oo Rk

1 ORI ERHIE 202 TH D, BORIL, FHERALT VI =a—AL v AR
WIR URUETIT - o

(2) #REBE

e a—2 L VT OERRNCE T B et ro—2DEEEIE, Table 9 KR UL D ichlgEE A
BT 7Y, ST TIEB HIRTH o HIBERREAED eV —2THD, REEL eV
0 — ZDMBICESTFBD B, v~ —2BIUANI trva— 2R ERDBEINTVWEEEZELLNS,

V7= vERE LTO Krason ) 7= VIIHBEEOWBRAE RO TREI NI enic s h 0EE %1
THDENDONTNE, Linl, BOHERE LTREEX CHON SN TE HOWIWONS - 7 2 TORE
B BHICE s TEULLAMENEEZ 12,

@-1) wrm—R&EY 7=y ORSREEH

Fig. 5 IR Lickvo—2, »ov7 5 L0 Kuason ) 7 = v OEZFED 200~400°C (BK) 1cB1 3
ORI, DEEOD P Kuason 5, E. Hruser 5, KJIl HOBRELPTOEPO®, £m—2
L DOEEENTIE 280~290°C 12, Krason V) 7 = v &K T 400°C Iz 2N ENH LK & H 2D
BRBOBRAE —7 23% 5. 200°C PIFOFKBIZ DT, BIESOAM 7 8 v 27 3k 084 & R ICE R

(2-2) wrvv—2&EY 7= VORMRICED BRI EER (RUSH) OFEBEF Rk

m =R, SN TEIY Kuason ) 7= v QAR OHSMERIBEE RIS OAM 7 1 » 7 5k 05
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AIRRIC 200°C BT H - 700 4 PRSI E U TR IRDSHT 9 B, DF AR B
DOWHRE R A w1078 2R TR D B iiean & Table 1 &M OO A 4% 5 £ 78 Table 4

YRR E DL S, wvo— 20Tl 310°C, Krasow § 7

DIITIATR DA 3 VRS O
= VT 400°C (k) EFfEsin LD,

TR —2, »Nu7EI0 Kuason ) 7= v &bl (BB OBOMRIC 251

RDBICHID, wva—RE USRI E UTESDSET 3 21T 310°C ©h 0, Kuason Y

7= VER L < 400°C Gifk) Th A E LTHIIL, Hilli& ke LT Fig. 6 0%kl o B & 7

POBERIEARMME S0 COTEOBICHREI TR b o 7 2 OVHFE R, SRBO L
HDE AR HOAM 7 a w73k O 2N &0 H DI DIC KELCTY 2g - ML TH -
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Fig. 5 wono—=x, KM v 78X U0AM Y 7= v oM EE

The processes of pyrolysis of cellulose, wood pulp and
Krason lignin to 400°C.
BiBAi Fig. 1 ©WY, Legend: As Fig 1.
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Fig. 6 RSz n—x Eoovy O &Rk X0 Kuason ) 7 = VOB ORI OB BIRT
BEMBO 4~ V1T, ENFNIZERervo—2, $BERY 7= vyOERKRMCEY 5 TG flifpic il

TNBOED | TR E LT Lva—2 & o7 ORRE S XU Kuason ) 7= VORI OREERF
I TN EFNIHHE T e rvo—2, BFERY) V= 02K BREOFBRELKLPICE T 5 TG &
BITHIT N A2208000120 - Foip b, RGO ERBRFRBED <4 — VI,
BT 280°C ik TA

v — 2 &V T D
AEICTHICER D E 0 A BB BET L, 310~400°C (B THW B
&b,

Krason 1) 7 = v O&REITIE 200°C 5 5 300°C A T WARID W5 ST ZDHK 400°C &
TREICRICTE o SO ERBERMBD 2 — VT, wro—2& V7 OEKTIE 280°C Al
BTABICTHICER L, 300°C TREBBRERNS % LT &Y, Kuson Y 7= OFRETIE 300
~400°C fiTRIEMN LT 5,

(2-3) wnvm—2&Y 7=y ORMRICEE B0 (UG ORERE & AARRIUBD L T £
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Table 10. i m—2, AMES OGS WEIED WL = 5 v F —
Activation energy for the pyrolysis of wood components to 400°C

’;-l{] *:[, T (J[lll B’ft ﬁ({i UH A/utr ﬂ:tl/’f )V:F”‘
' e ’ emperature range ctivation energy
Material (c@ (kcal/mol)
i = # 230~250 \ 32
Absorbent cotton 250~-290 3 47
Z 4 230~-250 33
Filter paper 250~290 58
2 Moo T 210~-250 11
SUGI wood puh 250~290 67
2 ¥ 5 V 2 S ‘ 210250 ?
KONARA wood pulp 250~-290 47
Y)Y F o 2207250 ‘4
MOSO bamboo pnlp 250~-290 48
? M J 7“ = v 4 :
SUGI wood KIASO’\I lignin #80~-400 #
f 5M‘U/—‘/ o ;
KONARA wood Krason llgmn J00~-400 2
EUYUF I = | ~ ;
MOSO bamboo Krason lignin 1 280~-400 “

V, INOOMBTAAMELRMOF e —2, wva— ZDEEEE T,

R o — 2B ERY — AHICED, wrvn—2F CORa v u— 5 17.5% Witk — &
B ANEREBRE L TN EN A HE L,

BHCRFMDT v 3 —v » RV 2 VBT L 2L T AARE b v L, KRR AR—v 1T
BER LIc@ B VA F4 VT LT e 2 FHo MWL U 7= v &bkt e Lic,

Fl B DK BRI 10% IR T, 1 HORICERICH N 2R 40~900mg TH -7z,

1-2 ® bt &

BRALEE LRV 3 OFREBELSY 5785 = 7 n kol liEs i, cnoBEFD
Hublic B & 1m, A4 24 mm, NEE 19 mm O3 A 0o, KEXFO PIGRic (s 2 A

IR A AN oG R~ b2 S LIAAT,

HEr—rokESE, £S60mm, iE10mm, #X 10mm, fEN6.7g Thsbs. HBELFOHR
FABICHL ST B AN AR A D SO ESH 20 MER— FAESN LSO LIS &
KRELUFONAAE DIIC S @ A b« T b A U FES O el A1 S IBR BE O ME AL E Lo

400°C T, B LD 1T 200°C (#3.3°C« 507t @ L&) 1L, Z0%#0.75
Ce 5t O EHGEEETHIAL, 3 Lo 5 5HEH 30 49T 400°C K9 % L i Lic, 400°C LI 900°C
T TONAFER, 400°C pbia Bt E LTHY, B UH» 58 3.3°Ce 071 o HREMETMEL 5 i
T 900 CICETLLIIC e, ZORBRTINTHRENOHER — FOBICE T 2RETH 225,
FEOWESITLEEINTH 52 5 HHEBRIC X 5 A EBEANEE ORIEHID O EE ORIE[/IT 400°C %
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TOMBFETE +8~10°C, 900°C £ TOMAFETHE 400°C LT T +20~30°C, 400~900°C T -+30
~50°C CH D, REDEFIC U2 - THIEMERE & 570,

InEch s L O mEVE R b RAME D 9 THE 80ml - 47 0SB E R 2 2/ NESF L S
LHENICB L. COEREFTARZTORY<pLEIVy Y LOBEEBYEIREICAL . KREIH
OPRIICAIE T 2RO E &R — F OEEHHY 200°C 10 Lic & &ic2 D ) 20 cm FATICH 5 ARE
(hBEFORIE) OREH 300°C PLEICIE 2 & 5 ICHHf L CER AR A N s HEoBRRZHhy

Fro FEEMCHTE A RIKEEZBLUTEE S ¥,

1-3)

INEVE EE BRI O FRINE B 2 27 P v ORIRE & LR T

BB R B A L L, LT SR & INEGE B B A 180°C, 260°C, 310°C, 400°C, 500°C, 700°C,

900°C T1%

LU, BABRIUD I LIS RILIRE TS 50 5 OEMEE 2 NENBTR L,

200 A v v

SPITFO®AEE > THRICH Lice EHIC2 TRV AFH X0 aF 740 Ta v 7 L 2R ODR

(LD &30k b i LRI icdt Lico

FRAMG UL 2 ~< 7 FOVELE 13 KBr JNEE I K X 570 #¥3.0mg 2 Bk ) 0.6g & BEBH

L, ZORAYABEZERRRTHRIL) v ZEEK & L 65°C,

10 BRI U7 %0k 20 mm, JEX 0.8

mm QML X 7 Ly b ICTERE UTHSE Lico FRAMEDIDLEEE BAS L EE DS-301 1 5 XU
IRS-2 BABM L, TESFRIEEE 4mg &0 ERBERE 2 N — OV ROKBE M EEIC XK - 70
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WAVE NUMBER, cu™l
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AT bv
Infrared spectra of SUGI wood cellulose
carbonized to different temperatures.
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900°C
i 1 8 i i i
40 30 22 17 13 165 8.5 6.5
x 100
OB

WAVE NUMBER, cw!
Fig. 10 a4 ¥ o —2R(Y O FIME
LA =7 b v
Infrared spectra of KONARA wood cellulose
carbonized to different temperatures.
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Infrared spectra of SUGI wood holocellulose
carbonized to different temperatures.

WAL 27 b ov
Infrared spectra of KONARA wood holoc-
ellulose carbonized to different temperatures.

T T T T T ¥ T ) T T ¥ T
260°C
¥ = w2 310°C
- Pl
i =
2 - .2 400°C
e 400°C =
500°C 500°C
700°C 700°C
900°C 900°C
L i ! i i 1 i i i i 3 ]
40 30 2 17 13 10.5 8.5 6,5 40 30 22 17 13 10.5 8.5 6.
P x 100 o x 10
WAVE NUMBER, cm™L WAVE NUMBER, cnl
Fig. 13 Fig. 14 2+ ¥ v 7 BRALI O SRR 2

S F T RA D IRIFRBIL A
J Lo

Infrared spectra of SUGI wood pulp
carbonized to different temperatures.

7 b
Infrared spectra of KONARA wood pulp
carbonized to different temperatures.
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Infrared spectra of filter paper carbonized
to different temperatures.
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Infrared spectra of KONARA wood
i pulp treated with 4 N. KOH sol. after
carbonizing to different temperatures.
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Infrared spectra of SUGI wood pulp
treated with 4 N. KOH sol. after car-
bonizing to different temperatures.
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Infrared spectra of filter paper treated
with 4 N. KOH sol. after carbonizing
to different temperatures.
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Infrared spectra of SUGI wood Kuason

lignin carbonized to different tempera-
tures.
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Fig.

900°C
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Infrared spectra of KONARA wood Krason
lignin carbonized to different tempera-
tures.
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Infrared spectra of SUGI MWL carbon-
ized to different temperatures.
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Infrared spectra of SUGI wood Krasox Infrared spectra of KONARA wood Krason
lignin treated with 4 N. KOH sol. after lignin treated with 4 N. KOH sol. after
carbonizing to different temperatures. carbonizing to different temperatures.
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Fig. 24 2 FEHE 40~60 # v ¥ =) RO
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Infrared spectra of SUGI wood (40 to 60
mesh) carbonized to different tempera-
tures.

HoH
WAVE NUMBER, cm~l
Fig. 26 23 5k (40~60 # v = =) R4
DRI A =T bov
Infrared spectra of KONARA wood (40
to 60 mesh) carbonized to different tem-
peratures.
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TRANSMITTANCE

400°C

1 1 1 i
24 17 13 9.0

40 5.0
x 100
Ry
WAVE NUMBER, cnl
Fig. 26 2 ¥#7a v 7 RAO R
BRI R <7 b v
Infrared spectra of SUGI wood
(block) carbonized to different
temperatures.

Table 11.

B9 A9t Cilp

T T I T

R.T.
180°C
[}
JE :
& % 260°C
W=
=
310°C

A/\\/\%,
i i
0 24 17

4

1 I
13 9.0 5.0
100

4
X
W
WAVE NUMBER, cw3
aF kT ey 7RO R
ISR A =T b ov
Infrared spectra of KONARA
wood (block) carbonized to dif-

ferent temperatures.

Fig. 27

Kb & CABRA 23R DAL O R AR R~ 7+ v

ZHB1F 5 1.700 con ™ Jiik DSy FOBOLE
Optical densities of around 1,700 cm™ band in infrared spectra of
wood and its components carbonized to different temperatures

5 ! iR MaX temp. (°C)
Material | %F%Lgﬂ 180 | 260 | 310
3 ¥ M OB SUGI wood (meal, 40~60 mesh) 0.09 0. 09 0.11 0.27
a o+ 5 M B KONARA wood (meal, 40~60mesh)| ©.29 0.18 0.18 0.28
2EFEM T a .y SUGI wood (block) 0.09; 0.09 0.18 0.33
IF S K Tays KONARA wood (block) 0. 21 0.19 0.22 0. 44
ZEM RO g — R SUGI wood holocellulose 0.23 0.16 0.23 0. 45
a4+ Skkoteirm—2 KONARA wood holocellulose 0.23 0.27 0.25 0. 45
Z F Moo 7 SUGI wood pulp 0.02 0.03 0.17 0. 60
aF 5 Hoe 7 KONARA wood pulp 0. 06 0. 08 0.17 0.52
A EFEM T —R SUGI wood cellulose 0.05 0. 04 0. 14 0.53
aF Mo -2 KONARA wood cellulose 0.04 0.05 | 0.10 0. 41
% HE Filter paper 0.02 0.0! l 0.02 0. 50
ZF MWL Y 7=  SUGI MWL 0.10 0. 11 0.10 0.09
MY S =y SUGI wood Kuason lignin 017 019! o016]| o0.15
a8y Sr=v KONARA wood Kiason lignin 0.28 0.33 0. 26 0. 26
AN, KOH ik CHUEEL L f= LB S & OB (L alokt
Original and carbonaceous residue samples treated with 4 N. KOH solution.
A F Moo S SUGI wood pulp [ 0,02 0.02 0. 04 0. 38
95 35 Moo KONARA wood pulp | 0.0z L 0.02] 0.05| 0.72
A HE Filter paper 0.02 0.02 ] 0.01 0. 36
AEMY 5= v SUGI wood Krason lignin 0.11 0.14 0.18 0.18
a4 Sy sr=v KONARA wood Krason lignin 0.15 0. 20 0. 26 0. 31
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Table 12. A# i JOARMBEIEER QRO FRAFRIAX A <7 bov
BT % 1,600 cm™ §iged sV FORIEE

Optical densities of around 1,600 cm™! band in infrared spectra of

wood and its components carbonized to different temperatures

2t o ! EEE  Max. temp. (°C)
Material i %%f%;ﬁ 180 | 260 | 310
Z F M B SUGI wood (meal, 40~60 mesh) 0.22 0.19 0. 20 0. 40
. F 7 M W KONARA wood (meal, 40~60 mesh)| 0.22| 0.16 0.20| 0.35
2ZFEM T e v SUGI wood (block) 0.13 0.14 0.21 0.38
aF T M TaYS KONARA wood (block) 0.14 0.14 0.21 0. 46
ZFWRo o — R SUGI wood holocellulose 0.25 0.19 0. 28 0. 46
aF IForo—2 KONARA wood holocellulose 0.16 0. 20 0.23 0. 47
Z F Mooe v S SUGI wood pulp 0.14 0. 20 0. 23 0. 47
a+ 7Moo S KONARA wood pulp f 0.14 0.16 0.17 0. 44
ZAFEM e —2 SUGI wood cellulose 011 0. 08 0.17 0. 40
aF M —2 KONARA wood cellulose 0.12 0.14 0.15 0. 34
A e Filter paper | 0.08 [ 0. 07 0. 05 0. 36
ZFEH MWL ) 7=  SUGI MWL | 0.32| 0.3l 0.20 | 0.23
ZEMY S = SUGI wood Kiason lignin 0. 44 0. 41 0.37 0.38
aFFHY)IS=y KONARA wood Krason lignin 0.47 | 0.57 0. 49 0,58

(2) HREEE

@1 RILDDIRIEBIIZ <=7 T v

KM & Z OBBERLS OB X BILFEBEOELPRRE L RILO b A2 &Rk & 2h & ORI D ik
AR 2 27 P ik » TN, MOMITFHRICL BRI DEBEETILEOMRMBESN S,

ZEMBICaF MO tva—2, Fowro—=R, S, AHL, Kuason Y 7=V, ZEH O
MWL V) 7= vRBOLBIAFHMETF THOARMBLY 7a v 7 M50 £k & 215 0RO
AR 2 <7 Pv%E Fig. 9~15, 19~21, 24~27 ITRL, 2Sv7, Ak, Kuason J 7= v OLH
Brezh o RO 4N B A ) EBLBE RO RARPIL R <7 Pvl% Fig. 16~18, 22, 23 IR
Uizo

B E 2 DR (~310°C) @RI A <7 P Ic B85 5 1,700 cml f5F & 1, 600 cmt A
EOWIH DEWILE A Table 11, 12 17, F/z 1,700 cm™ f5G & 1, 600 con™ A 3L D BWIH D IBOBEE
@ 1,160 cm™t F 7213 1, 500 cm ™t QWRICH O BOGEEIC 219 5 A 100 £ LiclE, 378bbEEL 220
WOLHS D HsREROND 2 Table 13 IR Uiz, WREBEB DD DN—2F 4 ViKid, Frueom?® fkic
& 1,800 et fHE D & 900 e AHEDBBEIRED & A MALH BRI BHEL 700 cm™ A

I DIBER AR AE RO,

=

(a) Fhuowiro—REELro—2

HELE Lickaevn—2, ST, era—2ABIUAREDNI tvo—2AEERIZENTNRE -
TWd,

N BE D 180°C AL, 180°C F TOMBRILH G, £D A7 bviIZA&BREEZE LT
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Table 13. Kbtk KL OAM B &R O RALD OSSR 2 <7 b VICB T 5

1,160 cm™ F 7213 1,500 cm™t o v FoWIIcsktd 3 1,700 cm™1 i

s KU1, 600 et FIE DK Y ¥ ORI D IR
Relative intensities of around 1,700 cm~! and 1,600 cm~! band / 1,160 cm™—1
or 1,500 cm™* band in infrared spectra of wood and its components car-
bonized to different temperatures

TR ! ¥ Wave number (cm™) | %% Wave number (cm™1)
i kBt Max. = o e g
tori Bl iR g % gl % Bl &
Materia t?%g) Around | Around 1,160 Around | Around 1, 500
1,700 1, 600 1,700 | 1,600 -
- L TE
) ﬁg%? 18 | 43 100 29 70 100
A F M B 180 18 37 100 27 58 100
SUGI wood e s
(meal, 4060 mesh) 260 25 46 100 36 68 100
| 310 64 97 100 64 98 100
| CRLTH
] | iuékihilgz 47 36 100 129 100 100
A 180 51 45 100 130 116 100
KONARA wood - s
(meal, 4060 mesh) 260 47 54 100 116 132 100
; 310 72 90 100 e 139 100
e | 22 33 100 36 53 100
Orig. |
ZEM T a g 180 | 26 40 100 39 60 100
SUGI wood (block) 260 44 52 100 66 78 100
310 107 ‘ 125 100 128 148 100
e “ . ]
%O%ng 62 | 41 100 148 97 100
- = k" o 2.
AFIMT Ry 180 57 40 100 137 98 100
KONARA wood | . - - ; . \
(block) 260 56 52 100 127 119 100
310 131 136 100 180 186 100
LR T
P Orig. 42 44 100
Fara—x 180 35 41 100
SUGI wood 260 52 61 100
holocellulose 310 146 147 100
B Orig. 56 39 100
Aot — 2 180 58 43 100
KONARA wood 260 55 51 100
holocellulose 310 127 131 | 100
RRTYE: P )
Orig. 4 25 100
2 E e TS 180 4 24 100
SUGL wood pulp 260 20 27 100
310 120 94 100 |
o I | I S I P
i ﬂ%@i; 19 | 100
AT T T 180 10 20 | 100
KONARA wood 260 25 2% 100
pulp
310 88 74 100
Orig. 10 04 100
ZEH e m —~ 2 180 11 21 100
SUGI wood cellulose 260 20 | 26 100
310 128 ; 97 100
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Table 13. (-3 %) (Continued)

) ) %&“?ﬁg Wi Wave number (cm™) | ¥ Wave number (cm™1)
R teria! e W % | W& TR g &
(QC)' Around | Around 1, 160 Around | Around | 1,500
o L 1, 700 1, 600 1,700 1, 600
et ﬁ%%};ﬂ | 10 | 32 100 |
b o !
AL 180 8 23 100
KONARACZ?S?O% 260 19 29 100 |
) 310 l 106 88 J 100
HOMH ‘ | 100 1
rig. |
5 K 180 2 9 100
Filter paper 260 2 6 100
310 142 ‘ 104 100 ‘
2 h ﬂ%ﬁﬁig ’ 16 52 100
MWL Y 7= 180 17 50 100
260 | 34 67 100
SUGI MWL
w 310 i 32 84 100
ZERY 7= 4}I([)A%?gp ' : | % 63 100
. - 180 | 35 75 100
SUGI wood X . 260 36 80 100
Krason lignin
310 31 76 100
4t L T |
I 51 87 100
aF S5k =y Orig.
FIMY 7 180 | | 52 89 100
KONARA wood 260 1 J 52 89 100
Kiason lignin | | |
13 310 i ‘ 44 97 100

4N. KOH JFH TR L 7o st ael s X O R0
Original and carbonaceous residue samples treated with 4 N. KOH solution.

e 3 10 100
. ., Orig.
AFH T 180 3 24 100
SUGI wood pulp 260 6 25 100
310 138 185 100
" e T
a5 b | ﬂoﬁﬁg 2 | 19 100
2N | R |
7 180 2 18 100 }
KONARA wood 260 8 24 100 i
pulp
310 189 248 100
%%g 2 13 100
5 i 180 2 14 100
Filter paper 260 1 10 100
310 ! 137 194 100 l
— — 7@@,}}? - ",,7,, - — U o S — S— |
PR 18 78 100
P A A Orig. | | |
FHY 7 180 | | | 33 91 100
SUGI wood 260 r 36 98 100
Krason lignin
310 i 32 106 100
E e 27 93 100
9F S Sy Orig.
KS—NZX/Z; 7 d 180 ( 39 102 100
Wood |
Krason lignin 260 | 46 113 100
310 : 56 126 100
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BT D2 — Y L2 EAERILTH -0 2D EMS, 180°C ¥ TIRENMINT & A FHEAT
WIRNEFZ SN D,

IRESE Lo KB Ikic X 3 3,400 cm™ B X Vg o CH I X 2 2,920 cm ! WXL,  HUMRA 0
HRLUTHE 400°C FTMEGREE N 213E W - TG, chCEiFrvo—2, ~3wio—
Z ORI O OH ik ko8 =CH, =CH,, —CHg 573 &1 & 2 U Z L2 NADIROMETT & & & 1K
LFBHCEERLTED, 500°C AT EDLDTHTRELY, 700°C RAMTRA HET S

=2 L 7D C=0 MFREIC L 5 1,720 cm™ QBIE, MULHGEOR & 180°C AL TIRES
< 260°C AL TR ABOE T 180°C ALY OBIL & 1F & A EH U TEZEV A v e — 2 Lt
T TR &8 D, 310°C AL TR T TORENAS 1,700 cm ™! OB A~FE) LT & S IR
WL & 75 - dco ZOBAE 310°C PLE TR 720, 700°C A TIRINAT %,

3 F T OMLEEE & 180°C LMD 1, 720 e DRI A, A E S kv m—R, ARO
INEDHHADIZaF I T ICEFEINTOEANI v —20T7 tF ke oo VRERCL 5
HOT, 7B VI - THROBRL CETE, 72 1,240cm QWIREBER LTS, 2473
WFIEEEEDFRACD T v ) MDD 2 Ry PV DN TEERT 5o 1,240 cm™ O BILIE 7+ F
WA S (LGOI T H 0O, vn—2 ) 7= VIR LISNEad . cRpttho 7 & 5 v
LvovBOZNENOEEET, SHEMK (NM) TH1~2%, 3~4%, LIEMM (L) Tld4
~5%, 3~5%THohd N#HE LHMOMOT F VEOGHREDAIIN & NI,

aFThOkra—2 FAFFROELR—ZA D T3 F TN TEDEEROTEFLEAEE - THOE
T, 1,730cm™ & 1,240 cm 7t QA Z E R o rn— 20 aF T LD < H b, 260°C
FADO N O DOBIIT KRS S EB LTS

RO LT —Z0 1,240 con Tt OB, INEVEEE O EHITHEL D 310°C b TIRIEEAE
Whkd 2o Tz, NS wra—2R, wro—2Z, KMOEMUCTE T 5 300°C T TOHKR AT ARITHRE S

ZDNEBICAMEND C LOWU0 S 5L R DV DMEICE 25D EFENLTHEA D,

R EmS, dhmtrmn—2R, »U7, wa— 20 180~260°C HOZICR T F vk : v
REVNVEDWL EF I ANV K= VRS BNE VR F YRS o E#E 2 50, CoZikiR
FELTAI2va—2 OEGIRICE S bDTHA D 310°C (LD 1,710~1, 700 e DO BIIZ AT
BOEAICEDLDTHEOILTH D, TIUIARK, wo— 2D 260~310°C HIOWI DL Th»D X
A EELTELa—ZADHMDRICEEEDTHY, COMMREINTAVR=VEE AV RF D

A3 &P IS AR SRR T e 2 2 5D, 310°C LI BN TR NSO 7 v — 7 3 INEGRE O
A& EDIRICED L, 700°C B TIRIAT 5,

BWEBIEDO 2 <7 FTi, 1,700 e ARBEO BRI ASH A LT 1,600 con Y A Ur DR A <, 1, 380
cm L ABEDOBIAE < & S 22909 0t ARIA LT, ST BRI 2o E AN TFEA Y
T (95°C T 200, A, KL WA F5E, 1,700 cmt AHEQ LA 260°C ALY TIEA
WD L ThT D, 310°C ALY Tld-—HAHA L TR0 - 7o L L, 260°C ALY
T, 1,600 cm™ QUL 7259, 1,380 em ™ AHE OIS H b » 7o Table 11 7R L7z
1,700 con ™ AT QWA O WICEEOMIC XL, Tovh YRR Lo 70 260°C ALY 180°C fR1L4Y
FOBAREL, AETETVE YIS 260°C Bb¥ & 180°C b & DRID W H T DV EN - 12
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CEDLNTD 180~260°C B TEE LTI v m—ZAQHEMRICT K B A v R = VLD it 15 A
HoTtc T EHIA LT,

PN T B LUAIED 310°C RALYTIE 260°C JRAEY £ DS 1,700 cmt ABED BIRD BB DS IFHRIT
K&, ThVREYTHEREKT, 260~310°C HTHEE LT v —2 OBSRIC K BHi778 v R
ZVHEE DR F VD PIED DERMES - I EDBD SNce TOEEDHIVRF VVEDANE
RIS, AVR=VEOLEBRBEPIEDE -1,

1,630~1, 615 cn ™! ORI K, $EFUKIC K 3 & & na0aeeb & o £ QRO BRI EEM A v
F=v, HEVBOELEORRZREEAIC IS EINTN A2, 1,600 cm™ ORIRIE—ICHEH

ROEMAZADEBRIICLZ LSNTHLE 20, ARTR KERG L hvR=riici 0L
FER_ERS BHEDENERDG S DENHN T HHDP-220,

Roro—R, 2V, wo—RICHEF S 1,630cm™, 1,620 cm™t ORI O BYEEE D fEH 180°C
BAL LD 260°C LMD TN TS K E 1808, ARTREBITNS 2D, 310°C RILPTIRZT ~
THL,600cm ICBET 5L EHICZORIENE L RE LD o7z, »v7 D 260°C RALMITE T B
1,620 cm™ QUBSLE DD LOBINE 7ok VILHIZ X - T RS 517D LOFeis, hov R = VB O K
5 UNT 260°C ETOPMHDOHMARZTEL LT AT —RITEAEDTHILHD KOAERDH S T
&mewe,1%~%mcﬁmgmfwwf$@«st»u~xﬁmm&M%§w,%@%%%@2&&
SRIORBICH b v ZEBGHERLUTRAD 7 b - =/ VB HZEEMEREE D 260°C RALICHFAL
THLEALNHPID,

HO H H HO
NG l/ HZO\' sl 1)

|
}{OH H H

310°C BALMIC B 3 1,700 e~ & 1,600 cm ™t OBOIRILE, AIERIEHOD 2150 BIETHS

PEESICEELT £va—2 ORIRICLZ DT, N 5DRIRDBOLEE & KB DA 260°C 1
WD END EHNTEULIERLTONA T EDLT A Y T X 5201 S CIc i R DK & 7528
b, 2EDOIVE=VEELE 0)7711/1‘# VIS L TICERBROF 1R H - e C &R LT
Who FEBOARIE, ~Ierva—2Ewra—2DMEIERT 20T~ TORIEI & HdTH
(IS DR LB TH LN ED, RAKSE LTORES SICHHETIELAL H B0
AL PEINT, BTN UT KD REBFEEREICENMLLCEEZRTEDOTH S0 260~310°C HOD
HASICENT, v —ZDFEIMBD 2 A EHNTRORE L, REFEMNEZIRD, ZEOKE
BURINEESBORB T ZAEEUHNADRENDOOP, ~Ivrm—2 O 260°C T TOANRICE T
ZX0BEZBOANE=NVEEDRDDO VR F VY VEOBIBERBRD SN/ ERENDS, ~3 &
=& ERRRIC v 0 — 2 & BUKBURT & - THRERICr b« =/ VLD 28 TR 0D A a5 4758269
2B 0, TO—HMBRIEDHETELOOELHESINL, LT wvn— 23 COREHETY
b/ VIRSEMBEOPIIKS 20 ED—IBBE LIcz OB R R THEERBEICENT 2%
BSEZ SN H408DUD . F i, AT —R, kLA~ ZD 250~300°C DESFIC BOTREB T 2
OEREDZ DRIEOREHIINE D & S by TE L & L0010 3 ok bfE D Hk & >3 CFERI
WWBRDHAH DL,
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o H HO
\C (]// _,\é,_‘ /ro “(’E:OH_;,CEE,?TWJ% ............ (8)
! HOOC— L
H H

400°C & 500°C DT TIE 1,600 cm™ OWINAUBICT 12D, WMALHMERRBEI L2 &8
N5 870cm™, 815cm Y, 750 cm ™ DRIUHASH 7o ICBD AL, & 1T 500°C RAEHIC BN T 6 DR
IS jo 75 % 219028D228)

R LT —RA, VT, kn—2 D 1,600~700 cmt BT 4B LT RA LN D T 11,425
em™l, 1,370 cm™Y, 1,815cm™Y, 1,200 cm™, 1,160 cm™l, 1,125~900 cm™l, 895cm ™l TH D, A
CHEOMIC 1,335 cm T, 1,280 cm, 1,230 cm Tt ORI AS S D . 1,425 cm O £
/= 2ZBORFEEAD CHz X2 b DESNTOLDT, TOMOEEEE I 210 —XHFROHE
BN D, ZOMOBIHR 215~ RE A v s~ 2L TR LTS b0 & SRTIN 5P
nom0-20 | 25 QIS T 310°C BALHITIE & b TR < 154 ink BT Bo £ LTHi
121,430 cm™, 1,380 cm™Y, 1, 260 em ™ OFFOBUNEASHELL, 400°C BLHTIE ¢ 5 ORISR
¢, AR LTS S 500°C BT, FORAT s — VIR REATEE 00% L LOBHD<
SV EDDTHE LT 520,

Wk, TERIVEICES 1,240 cmTt EAF O Y VICK B 807 cm T DB 260°C R T
D, 310°C BALHTIRINY: Lo 310~500°C HALMIC 1514 % 1,430~1, 410 cm—t OIS RIS
BTk A H0, 1,3801,370 et DILANE A FAFICE 5D, 1,260~1,100 cm ™ OWILZFHERE =

—FNDT o~ PRSI L A E D E XT3 5921822022922

LR kY, ~3tro—2d wra-—203 310°C §ith TS HEE L, D0 THERE
WAL L, 400°C TR S BT RFEESE LI, 500°C Ll EiciE 2 &£ OB
HEUVTKRRERDEZEZ NG,

(b)) V7 =v

ZFDO MWL 1) 7= v & Keason 7= V1I5 L NC 25 DERAMID 2 <=7 bl ThHS L,
MWL ) 7= %0 310°C AtMETD 27 FvDERIIGHED Kuason ) 7= O 6D A L
P LD BB MIEEON TV D, L L, EBL3MSMRICEEZ R P vOBLBRMKTS 720
T, CZTHG) F= vEBHE T~ THEE) 7= v E LTEET LT B L,

180°C RALID % =7 bovs$ 2 — VBRI D 2 212 & A SR U T 180°C & TRAGMRMT DI
TSR Uiz ) 7= v ORKWIGH D 5 B, KEFHEG LA OH Eick 2 3,400 cm™, g%k CH
Ik 2920cm, VS vEBEOEEREEICES 1,500cm™, e A T o, v YELRKICK
% 1,460 cm™, 1,265cm™1, 1,210cm™, 1,140 cm™! (% F), 1,110cm™ (a7 7), 1,025cm™
910 cm™ (33 7) WMEOWIUL, 260°C, 310°C ALY THAAIEORL, 180°C IR L D D LT D55 %
> T3,

FVR=vHE, HvRE v vENC K D 1,700 em T AT OBIREE, 260°C, 310°C Ak & LB ROR &
FHANBE BEVEADILOE DI BALD,  Tvh VI & - T BIREOES 260°C /it 310°C
ORIATL LT DHIML T2 &6 o DREE TICHVR=VEROFIEEERPN L hd -
feEEZ B, 1,600 cm DR DMED 260°C RALZETAH LT OBINLTWas Z &3 EaldAv
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Re=vEODUOHREBRBRR H2bDEEFEZL 0N, 310°C RILUTE bIFrIKFL LTS, FHFHEIE
CH Itk 85cm™, 815cm™1, 770cm™ (R F), 910 cm™, 850cm™?, 760 cm™ (2 F 3) DEWRIX
13 310°C ALY ECTHZF VL LIS - T,

400°C, 500°C AL T 3,400 cm™L, 2,920 cm™L, 1,700 cm™Y, 1,600 cmt DRI ASR EICEE < 12
D, 400°C JRAL#T 1,500~900 ™ iC 1) 5 AT M LT Hifeic 1,430 cm ™, 870 cm™, 815
em™, 750 cm ! QBN & 1, 200 ot AT O BRI ASE DAL, 500°C ALY TIZ R B v 8 — %,
VA =20 500°C FALPD R R v & KR e 5 — v ERT KD, ) 7= v SHRG S
BEEBRME~E LI bDEEZ ST,

(e) A M

Ak OESRIE 2 OBUEER 4 & AT 180°C % T3 SRRTE T H » T BB D BB I LTV
EEAZONDo 180°C 725 500°C L TORBAMD AT bV OZRPFIZRD X 5 IET %,

3,400 con ™ & 2,920 et OZWIEE, MEGREED LR L & ICREICTE D, 400°C, 500°C Bt
PTREDLWTIEL 8 - T 700°C RALYTRIERT 50 1,730 cm™ OBNB ZFH Db aF M T
DLDOTHVDORT EFLVEDOEHENZ VDT, 1,240cm™ OB E BE LT 40 BEI NS,
1,240 cm ™ DU 260°C AL TIZEI L2 12 L AL THRT 2 2 & B LT 260°C RILHTIE 1, 730
cm™t DR 1, 720~1, 710 cm ™t D FABE) UIRL 155 & & i BOLE O L2 Z 4 nid, 180~
260°C BHCBWTHIE (a) DELEDOLSIT ~ I v a — RDESMRIC X 537218 71 v E = VDR
BHottbDEEZDND, 310°C FALHTIZ 1,700 cm™ DBWPIL 75D, 260~310°C HiC BT wv
O~ ZADBMAIC X DI AN K=V EB IOV R F VVEDERNS -2 bDEEZONB, TOD
Belid 400°C, 500°C RALMTRIREICHI < 720 700°C B TR HET 5, 1,600 cm™ DIRIL, £
DPEIEEED 260°C RALHTH LR E LD, 310°C RILYTHILDIEKRT 5%, 400°C, 500°C i<
12 1,590 e JTHBT LIRSBICER ORI & 75 ) 700°C JRAGMICIHET 56 1,425 cm™, 1,335 cmt (R
MTIRAHK), 1,325ecm™ (aF 7k, 1,815cm™ (RFH) M ED wrm— 2 CBK U RIS
Citenva—2 &~ wvn— R C3EE UTEFRT 5 1,370cm™, 1,160 cm™, 1, 125~900 cm™, 895
cm1 2 EOBLE 310°C RTINS EHhwTHLLEI» HET 2, V7= v cBEHT 5 1,500
em™, 1,460 cm™, 1,265 cm™L, 1,220 cm 1 78 EOWIZ ST 400°C BALMITIEL T B, T D 400°C
RA T, 1,500 em™ PIT o AR T Hiioic 1,430 cm™, 1,380 cm™l, 1,260 cm ™t 5 XU 870
em™, 815cm™Y, 750 cm Tt QWIE BB LI, & ICHRFED 3 DORIREIE 500°C R THIB LT -
7o

18, PLEOAMES, AHEIUAMOD 700°C & 900°C DRIHD R <7 iz o0 TR, £0F
EBINDIR & BRIV ML Lic 2B 27008, CHREROESMRE LizenTh A5, R
WELHEEHRBEORECL 2 HRHET L LTOTETOROEM Liciown & BlE b OB O B
PRALDET & EBICREBICHEICZ D REND 5 {185 T LI X > TORDOHELOBENKE T~
HEINTNEE,

(2-2) RALOIE & TR O CICRF-HUb i

AM & 2 D BB OZ R O INBGEE & b0 IR & UM & OB E Fig. 28 1T, KB{t#
@ O/C FHF ¥ thA skl HIC EF b Aftdic LTEKL 7oy b4 Fig. 29 It#NENIR L,
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Elemental composition and yield of carbonaceous residues obtained
at different temperatures from wood and wood components.

O = Hl IR GRS 3 R O A
AT (%), Hydrogen content, /\
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kot E (%), Oxygen content
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Iexid AR (%), Yield in % of weight of oven-dry original sample.



e
2
S 60 " .
B 5
Ez 2 %D e
oS =
Fo R
= =
£ S
5 3
0 200 400 600 800 1000 0 200 400 600 800 1000
100y T T T T % 100p— I e e
L 0 e L g0
%itﬂj -1 a2+ S
D1 Aend S 27
we 80 KONARA WooD < we 8O KONARA HOOD 7]
g F CELLULOSE 5 PULP
L 'iﬂa
T 1}
P 2o
N NE
]2 o
E2 10 E2 e
W P
£ £
g2 S 20
” s,
0 200 400 600 800 1000
100 100
v 80 ve
3 2
A)g }'E
£= Z=
R %]
& &=
S S

100 T 10— 1T T T
- - 4 - - el
578 Rornio—x
801 KONARA WOOD =4 80~ KONARA WOOD ™1

HERBRBIIEE % 5045

HOLOCELLULOSE

N AND YIELD, %
=
T

0 200 400 600 800 1000
iBoRr i JE

TEMPERATURE, °C TEMPERATURE, °C

Fig. 28 (»3%) (Continued)



o=

AR O ALBEICET 5058 CGRID

20— T TT 20T T T T T T T
Lol e /\\@ 4 nek 180°C v\\@ .
180°C Sy S
~ 260°C N - i
) N S
1.2k o/ A, t2r -
L 310°C Jd - d
0.8 ] 0,84 -
400°, 400°C oy
500°C ESS Y &+ /' 17—
0.4 ol won 1 O "susl Woon
| 700°C B L 700°C HOLOCELLULOSE |
0 900§C 1 i i 1 i | i 0 ?DOF 1 1 i 1 i 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
2,0 poempr T T 2,0y T
180°C
L 260°C i i L Boc, /]
S 260°C
1.6 §‘«Jﬁ» S
- \g\{% ® - @S\'— -
éQ W %\E\\\\'ﬁw
L2y 310°C 'l T, e
L 4 310°C |
-
0.8 o - 0.8 -t
400°C 00" ¢
~ 500°C - - 2 XFE -
500°C 42w — 7
0.4k sl A oul SUGI WOOD
R 700°C PULP 700°€C CELLULOSE
900°C
P} sl S Y R N TR SO W N 9 9001 T NN U N DU N
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
2,0 g T T T 20 T T T T T
» v\@* .
N
. Ty
P
Sy
ﬁfUQC
400°C 1
- ° 2 XM -
500°C iy
- -SUGT WoOD ~
700°C KLASON LIGHIN
900°C
i 1 i 1 i 1 ]
0 0.2 0.4 0.6 0.8 1.0

Fig. 29 Ak L Oksksopibio O/C—H/C -

S giaiit

Atomic ratio diagram of H/C against O/C for carbonaceous residues

obtained from wood and wood component at different temperatures,

— 43



o

i

FERBBTI T

5304 5

2.0 1 ¥ ¥ 1| H ¥ i ¥ T 2.0 T T T T ] L 1 1 !
B 7 i e S|
. S 180°Co/eS
1.6~ ZGOL%OC V"\\Q ] 1.6p 260°C le‘\\r n
R x| L S
S S
1.2+ 310°C 4 12+ ' .
L 42 L 310°C .
0.8k 4 o8k -
| oo j | 400°C aroy
° a+JH o FurLu— A
0.4 S00°C KONARA WOOD — 0.4} 00 KONARA WOOD =
Z00°C f00°C HOLOCELLULOSE
"d/900°C N I d%00°¢C
0 i ] i i L i i do 1 0 i ] 1 i ] ] 1 i 1
0 02 04 0.6 08 10 0 0.2 04 06 08 1.0
20T T T T T T 20T T
R 260°C 180°C L 180°Co /"
N
1.6f S 4 L SIE
A S 4L ¥
NS
1.2 310°C 4 12+ -
0.8 00°C = 0.8 .
L/ aFGH 2+ 7 -
00°C 2T Lu—2A
0.4 KONARA WOOD = 0.4 KONARA WOOD =
700°C PULP 700°C CELLULOSE
900°C 300°C
0 i 1 ] 1 i i i L I 0 i ] i 1 L i 1 i
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
20T T T T T T T T 20T T T T T 7 T
80°C
- - P -
1.6 S NS Sk
AN L
STy L N
2 /% ¥ 1.2 S
R v s
T Je 310°C
0.8 -4 0.8k 4
100° I 400° |
- 7 = r P
o o= 500°C 5 i
0.4f 0 CONARA HooD | 0.4 FILTER PAPER 5
700°C KLASON LIGNIN 700°¢ -
Bo0°c 900°C
O L i 3 1 i 1 i i £ 0 i 1 i i ] 1 1 ]
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
/¢ /¢

Fig. 29 (23%)

(Continued)



AR ORILERICE T 2878 (Gl = 45 —

CNETOEBIERD oA & £ OBEN T OB EBIAEE L 200°C §ikTH D, &0 ERHEE
DoRAET.ET ARERIEIE ~ 3 w0~ A TRASMBIEFREED S 260°C, v m—2 Tl 260~-310
°C, V7 =TI 8310~400°C Th 5 < E08HBH L7zo

180°C RAMOMEEEEAPMAERL LT, 2FH & 27 7MBX0 2N OFRADEZNEThOHK
DR B S FEESHRERIICE T 2 BRERD S &, AMTIE 9%, 16% (180~260°C) 5 43%,
35% (260~310°C); 14%, 20% (310~400°C), Fu ki o~ Tl 15%, 17% (180~260°C) ;5 41%,
47% (260~310°C)5 9%, 12%. (310~400°C), -k m—2 T3 4%, 4% (180~260°C); 60%, 50%

(260~~310°C) ; 12%, 18% (310~400°C), Y 7= TiF 1%, 7% (180~260°C); 5%, 9% (260~310
‘C); 25%, 25% (310~400°C) TH -7co LM -T, FEIMZZOEAREDMMEEEHETHES A
ERAG - = N Dp

SRAVHOICEMILT, DTN 500°C FTOLEMRE {, TN LORETCREILEOENE/D
B EN T, B00°C RAVIDIRFEAH BT 84% L1750, 700°C RO TNIT 90% %A, b
5bVHWERROKRFEAHRE EHUICILZ0H,

P8 OICIekT 3 HIC A7 ay b LTHEONAIRE, £DHLSHBIK, BAvE=vE, B
TR E OV, A s v, KRS E D ORIEE T NENHEE T 5 DAL, Ko grm—
R, 2D 180~260°C BN K, BiAnREF v, BT e Fovkk, AR, ke — 2 O 260~310°C
MR, 310~5600°C i3 oA, WA E=ovi, BihvR£ o hl, Bz, 500°C LLETEBK
ROEIEBEnENT b S s NG, V7= TE500°C Tk, WA MAFVl, Brz
Y, 500°C Pl L CUEBKFEOEEEMNE L1 - T D, AT, 310°C FTlF o e —2, £hl
LTCRY 7= v OENMRBIG S — VI LTS

5. b

KM 7wy 75k E LU 2 OB ES S o IR, AW EoRBREEZHNT, 160~~400°C
2B - <D U INBGREE AR TRAZITY, £ OMBICET 2K E H A DERE DR
i &R DN E S S UMK OZE NI Eh SRS ZOWE (BUSY) OMBRE ICHd 2 2
NOEBIRAERMH L O IO O HERE MR 51, S SICESMIUSOFBPEICE T 2 iEHAL
TRNVFE =D SN, O DRERER UTARM OSSR D X 5 5HRERTEITT 5 C
AR SMIT LT,
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TORAAMAEENENA O, §NTHEHRETH 5

T I H YKL TREMSE LTHE 10em, X 100cm, 12.1kg Db D 1AK%, AF¥FLatrio
BATA IR 10 cm, JEX 2cm OE[PENE 5 M >%2 22 hilbl & Uiz PR 1 O ERII 2+
100g, 2+ 741702 TH 5

FalR KU BRI E DM KM DR EHRITN 5% Th b, hoRMIE TF7hy, I XF, &
J FIEEDEIEMMTEH - 120

(1-2) RppinE &z opibk

B FWCEMARAE 72 o 7 2 E A0, pE O REE}, AODIEL5m, EX 3m, &I
(BE) 1.2m, KIFEEHEE 1.5m, BEARMBIZAIOMM (ZB0K 10%) &E81C2.5~2.7 b
Th Do BARIERIE 100 MFH], Bamifl B & ip i L TR BT 700°C Th 2

PRAVERTEILM R DR B ALIEIC K »7ce 77 A ¥ ALTRRMBRHI R 2 O hific i 7o Bl Rk
THW 2 F & 297 ORMIEFEARNE, A FE a5 T T—2OHBITNE L L IR EREEADET
AT 5 BICHERRD TR SLTARIIRICE O, COMBORIFITHE 18 cm OF X APHEFLLH D

PEEH O LANE Uize MR @ Lo LICi3 BB )T 2 72,

M ED oI, 77 v R ORIETIE, RAEAETE, s S UBRBOEILTARRMOH
it (MG 60em 1) O frE & MEEINC 7 v 2 v - 7L A VEE SRR O eim4 B0 e
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RIpENPREDT 7 4 v RMHEBORNARER, BRO FE, s KOTFEO 3 BoR R & 2
& 5cem, & 9Imm OROPICENENT 0 4« TA VEEROBBEOLIEAE UAATE Ui,
(LR EE 5 b ORILTIE, W RIENREO MR L EEOOZRBICS B A v« T4V
BEXREE LB, FAEMIMEERLE U TIRESH 6 X BRRERSIcERS ¥,

(2) WREBR

Fig. 83, 34 IR LAE 7o v 7 BEROKPE JOCEENDRGEEREBR, HEOBRRMEICEK
ZEURBRBRD £ N 5098035 LFEED/ 4 — Y ZR LTS, Fig. 35~37 1CR Lic i g W rhRific
BNl T 7 8 vRMEERO L, hfs LU TR EFNhONARERR» LB SN RILEE GM
RE) Cxd 2 RERENE (Fig. 38~40) BEZNFNBEDH 52—V ERLTO 5,

NS OREREHGICINE, DR EHRBOLTRRM OLIBORGBIEIC 4 @713 5D
WHEE — 7 B 5 CEDBRD ONIco MTREM EIICE T 2REREIBD 5 HOBFERE—7 %
DR =V, WIHORMARM 7 a v 7 R OREREMBO 2 — VICEULTE O, MEABRKED SR
BT (% 700°C) £ TOBFEML, BR(b, ¥, ~Iwrvo—RE o —20FENHEFERRE
~DEN, )T = VDR, ZOROMELREFERL (RREBRELE) LTORREEOERBERT
bDEEZ LN, ALTRRMOPE L IO THRICE T 2R EREMBED 4 — v SRRICHERT 5 &

700§

%) foxd
=3 2
[} {=3

4

CARBONIZATION TEMPERATURE, °C

=
o
(=1

iR

W At

100

0 10 20 30 40 50 60 70 80 90 100
wofk BB
CARBONIZATION TIME, HR.,
Fig. 33 M7 n v /8% 2 FELR 60 cm off £ EIEED
DIRAVIRERE, »FEEHE 1 120cm
The processes of carbonization temperatures on a line of height of
60 cm above kiln floor and at outlet of smoke stack in the rectan-
gular block kiln. Height of kiln wall : 120 cm.

ROSFICEH T BRI Carbonization temperature in the kiln.

O=%] ¥ At the front part, A=rhifr¥# At the central part,

=% ™ At the rear part, --=HE%2[] At the outlet of the smoke stack.
I T R=TIAY, IXF, Kk FH

Main wood=ARAKASHI, MIZUKI, and HOONOKI logs

(moisture about 35%, dia. 8~10 cm, length 100 cm)

77 #H ¥ ARAKASHI : Quercus glanca, I X+ MIZUKI: Cornus

controversa, -+ /F HOONOKI : Magnolia obovata.
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700~

600

i

CARBONIZATION TEMPERATURE, °C

WAL

100+ P

JZ- 3 | A A
CARBONIZATION TIME, HR.

Fig. 34 Mg 7 a v 7 8T 5 rhdeiip & M0 D R AL R
The processes of carbonization temperatures in central part and at
outlet of smoke stack in the rectangular block kiln.

Bk B R{LEE Carbonization temperature in the kiln,

O=rh4t¥o F# At the upper part in the central part,

A=rhgohEE At the middle part in the central part,

[J=mdRIPDOFEE At the lower part in the central part,

et N | At the outlet of the smoke stack.

TR TARRK, T I oM

The main wood standed in the central part=ARAKASHI log

(moisture 35%, dia. 10 cm, length 100 cm).

7 7 /1 ARAKASHI @ Quercus glauca.

700
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Ji:d
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o
JK

it
CARBONIZATION TEMPERATURE, °C

el
[=3
S

100
0 g 1 1 1 L i 1 A ! L 1
0 10 20 30 40 50 60 70 80 90 100
oAb we [

CARBONIZATION TIME, HR.
Fig. 35 A7 vy 7 3% WHIREBAL TAREKL L0 AR (LR B RE
The processes of outer and center carbonization temperatures in upper part
of the main wood standed in central part of the rectangular block kiln.
SLTAKRER D BALIREE  Carbonization temperature of the main wood.
O=#\MiliEfE Outer temperature, =t} Center temperature.
SLTAEE The main wood=7 7 71 &} ARAKASHI log
(moisture 35%, dia. 10 cm, length 100 cm)
7 5 71 ARAKASHI : Quercus glauca,
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1 L i 1 1
0 10 20 30 40 50 60 70 80 90

oAb B M
CARBONIZATION TIME, HR.

Fig. 36 i 7 v v 7 8% e s TARGBR B O 4 R AL IR BERE

The processes of outer and center carbonization temperatures in

middle part of the main wood standed in central part of the rec-

tangular block kiln.

" AR OBRILER  Carbonization temperature of the main wood.
A=5MAIJRE Outer temperature, —=rul\EJE Center temperature.
SLTAEK] The main wood=7 5 # ¥§f ARAKASHI log
(moisture 35%, dia. 10 cm, length 100 cm)

7551 ARAKASHI : Quercus glauca.
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Fig. 837 Mg 7 v v 7 H3F N e sL TR T B PN AR A LR EE R
The processes of outer and center carbonization temperatures in
lower part of the main wood standed in central part of the rec-
tangular block kiln.

SLTRERI DB  Carbonization temperature of the main wood.

[J=4aliRE Outer temperature, — =R Center temperature.

ALTAREF The main wood= 7 7 4 v#f ARAKASHI log

(moisture 356%, dia. 10 cm, length 100 cm)

7 5 Hh v ARAKASHI : Quercus glauca
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DIFFERENTIAL TEMPERATURE, °C

Tt

DIFFEREN?IAL TEMPERATURE, °C

Ak D FRAGERRICE T B LD —- 59 -

-100
- VLT A HE 7 ATk -
THE MAIN WOOD: ARAKASHI LOG
-120 (Mo1sTURE 35%,D1A.10cH,]

LENGTH 100cm)

i i ] ] i i L ] i 1

~140 i) 4 i

Fig. 38 fujg 7 a v 7 5F Nl
MTARR R O NANRE 2
SN O TR Bl

Curve of differential temperatures
between two points of outer and
center part in upper part of the
main wood standed in central part
of the rectangular block kiln.

77 7Y ARAKASHI : Quercus glauca.

0 100 200 300 400 500 600 700
oo
OUTER TEMPERATURE, °C
T T T T T T T T A s s s B B A R B A A
0 - -t
-20 - .
~4o - —
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-100 - -
- CORRE T T - VORRE T AT -
THE MAaIN wooD:ARAKASHI Loe THE MAIN wooD:ARAKASHI
-120 (Mo1sTure 35%,p1a 10cm, = -120f 106 (MOI1STURE 35%,DIA, ™
L LENGTH 100cM) N N 10cm, LEnGTH 100cM)
TS} P T N NS SN SN SN VOO B N [T} AU T T TN SN UMY U BN NN W N
0 100 200 300 400 500 600 700 1} 100 200 300 400 500
FE S U T 3 oo %

OUTER TEMPERATURE, °C

Fig. 39 #IE 7 0 v 7 03% PP CARGUE
FR D AL EE 2RI OD 128 T BE i
Curve of differential temperatures between
two points of outer and center part in middle
part of the main wood standed in central
part of the rectangular block kiln.
75 71 ARAKASHI : Quercus glauca.

OUTER TEMPERATURE,

Fig. 40 B 7 o v 7 23F Hhisar ¢
. uﬁ@ﬁ"im;ii 2 U\Fﬂ@/}\
nx'rm‘l/k

Curve of differential temperatures
between two points of outer and
center part in lower part of the
main wood standed in central part
of the rectangular block Kkiln.

7 54 ARAKASHI : Quercus glauca,

_vﬁ

600
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Table 14. fIE 7o v 7 BWENPRPERE T 7 7 5
B oNTRRDOITLIRST & TEST
Elemental and proximate analyses of ARAKASHI (Quercus
glauca) wood charcoal obtained after coaling at the central
part of the rectangular block kiln
I6 # #1 ik Composition J T 24 Proximate analysis
w0 e WNAa< | T T - T A
wo ) R NI
Location : C H 0 Asl’i Mois- | 3 7 | Volatile Fixed
ture matter | carbon
) & | @& (%) (%) (%) (%) (%) (%)
+  # Upper ] 700 | 89.51 3.09| 5.09| 231, 4.7 3.3 12.31  79.7
th ¥ Middle 615 | 89.37 2.17 5.40 | 3.06 ' 3.8 2.1 16,0 | 78.1
|
T # Lower 1 485 | 83.51 | 3.46| 11.54| 1.49 | 4.4 1.5 23.5 70. 6
| ? | _

Table 15. HE 7 o v 7 B3F W EH TH SN RAGIABIRS & RIRO TR T & TES T
Elemental and proximate analyses of carbonaceous residues and
charcoals obtained during and after coaling at upper rear part of
the rectangular block kiln

Z ¥ # SUGI wood (Cryptomeria japonica)
‘ o E—_— . e S . .
uﬁﬂﬂ}@ B o I % M R Composlfmon ) T2+ Proximate analysis
LR PPNy
erio ax. . 74 » Ty . ER %R
w0 © || o R Bt G e il
SR O | B | @B | B | @B | B } @ | @ | @ | @
AT . |
Initialqﬂ 205 97.8 52,59 6.08 41,08 0. 25 ’ 8.3 0.3 83. 1 ‘ 8.3
® AL - i
Coaling (1) 300 40. 8 74,96 3.71 20. 64 0. 69 5.7 0.7 44,7 ‘ 48,9
” = | p
Coaling 0 335 36. 5 ’ 78. 57 3. 68 16,72 1.03 | 5,4 1.0 39. 4 ‘1 54, 2
" 1
Coaling (3) 400 32.8 ’ 83.01 2.91 13.14 0.94 6.8 0.9 25,8 67.0
RALEIA
Final 600 30.7 ‘ 91. 29 2.32 5.15 1.24 6.9 1.2 15.7 76.2
2+ 5§ KONARA wood (Quercus servata)
2 S 1 2 SIS iti 24 H H
uﬁ“fﬁl n Iﬁ = 5B It H 4% COmpOSltlon T *Fr Prox%ﬁ?\aié,,af}?f? EA
MLkl | K o |k 4 W [BERE
erio X | yield | ¢ H o |’ | Mois | K 7 |Volatile Fixed
tggmglit temp. | Ash | ture Ash matter | carbon
o @ (%) (%) (%) % | @) (%) (%) (%)
RALEIN y
Initial 205 97.8 49, 63 6,26 43, 63 0. 48 ! 8.1 0.5 85. 4 6.0
® ik th | S
Coaling m 300 37.9 74,58 4,33 19.74 1.35 [‘ 5.5 1.4 39.9 ] 53.2
” =
Coaling ©) 335 34. 8 80. 60 3.71 14, 29 1. 40 5.4 1.4 32.0 61.2
"
Coaling (3) 400 31. 4 84,01 3.17 11.53 1.29 5.6 1.3 23.9 69. 2
RALHE A -
Final 600 29.2 91.76 2.09 4,42 1.73 6.0 1.7 15.6 76.7
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TR T AL
Max. TEMP,

Lowe paRT Fig. 41 g7 o v 7 3E NIl TREED &
857 ﬁ%mt75ﬁyxﬁ%m@%ﬂﬁ&ﬂz&
b 7 bov
W Infrared spectra of ARAKASHI charcoal
615°C . . .
obtained from the main wood standed in
it central part of the rectangular block kiln.
UPPER PART
‘JTW/ 755y ARAKASHI : Quercus glauca.
oo
40 24 17 13 9.0

B
WAVE NUMBER, cm~l
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Fig. 42 A7 v v 0 B A LMOBRIICE Y 2RI & EROERE
D¥E & © D LD BREBITE N 72 PIBGEE O g 472 15 72
The processes of carbonization temperatures at upper rear part
and at outlet of smoke stack in the rectangular block kiln, and
the periods took out the carbonaceous residues from this part
during carbonization.
O=RPBEN LHOHRIBICH T 2 RALRE
Carbonization temperature at upper rear part in the kiln,
@ = R A A
Period took out carbonaceous residue,
- == TG 1R L
Carbonization temperature at outlet of smoke stack.
=2 FH & 2 7 MO
Sample=SUGI and KONARA wood discs (dia. 10 cm, thickness 2 cm)
2 ¥ SUGI : Cryptomeria japonica, =2+ 5 CONARA : Quercus serrata.

MTE LD, & ACFEIZRK VBB oI RERRBEOREN L0 ThHA I LiEEI N
Zo
AFME 3+ T M ORMHEBIR O LH ST, T35 (Table 15), JROMREIX A~ +ov(Fig.
43, 44) BEDHRP O A5 &, FALPIITHE BB PCEMELEE - TE 59, R, (2)
TR DRI - THEFEBEE - TEY, B (3) TRY 7= v ONEIHKD - TH
EEEFERODBHTO, RIKRTHTRZOFRESHPEVBATNE D EEZONE, T H VAR



T 7
SR RACIRE
MAX  TEMP ,

o
TRANSMITTANCE
N
A

i

600°C
i 1 1
24 17 13 9.0
W
WAVE NUMBER, cm™1
Fig. 43 Mg 7 a v 7 B8F ORbh &Iy
B SN A FHMHE ORI
B RARIR 2 = 7 b ov
Infrared spectra of the carbonaceous
residues obtained from SUGI wood
discs during carbonization in the rec-~
tangular block kiln.
Z & SUGI : Cryptomeria japonica.

I

>

5,0
x 100

RETBRB I SR

% 304 5

; #:
TRANSMITTANCE

i}

&

LA~
WAVE NUMBER, cwl

Fig. 44 Mg 7w v 7 08F pAlLh O &1
i onrzar 7 RO R

VR ORI Z <=7 v
Infrared spectra of the carbonaceous
residues obtained from KONARA
wood discs during carbonization in

the rectangular block kiln.
a4 5 KONARA : Quercus serrata.

O HER (Table 14) i X, LB XOh#loRribi: »E D EAT N L O ORZEE R
0% BB TH B0, THORFIHERI X THY, TLHASHBIERHRE
BEDBRENATNTH L L EBR LTINS,

4. &

AETE, EBRAV v MRICBT BRAARM 70 o 7 3B O RGEIES X O RRD ARSI s U
5 FEMERO LH, DEs XU THORGEREO 2 NENONIMNRERB D &8 SNl &l Ok 248 B
fieEE LTRE L, AMORIGBIEBICE T 2 RBEORIRICONTER Lz,

BAAM 7 a v 7 30K 200°C 25 700°C F 7213 1,000°C £ To MMAEEIC 4 3 RO E BT
FRMBD 2 —iCENE, 4BBORIGBELET 52X THD, BEEEHBO/ $Z -V TRHS M,
CABDOE—7 BEESN, CONZ—VRHBEORENPS 40— 7 OWMIEIK, ~3Iwrn—2, v
o= 2 DEREEDDRE, ) 7= v OREABEO I E RGOSR (B BEoX ik,
3 EBERSONEREE (R BEOHASBEFREE~OELE ZOREAERT 3bDEEZD
Nizo REREMBICINE, BRASBOLEEC—7 05 5 MO & UMSHBEICED Sz, #160°C D
FHEC— 7 TTORREE, 238 230°C ETORBEBEBITONTVS CEERLTNS, g
WEPTERITR T 5 FIR T 785 200°C o BB SEE 5. £DHO 200~260°C, 260~310
°C, 810~450°C, 450~700°C %7213 1,000°C ick ) 2 S BFALIGE, WHRDO 22N OBRB O %
BORKRPERT 2BBERLTVLEDEEZ v,

R ORI A Eo REREMRD 02 — v BRARH T o v 2 BB O 2hcB LTS

M

HEDFET 18D b R B R

e

3
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)

Y, = OHRMEE & FRICHES ETE D,
IV # ¥E

AMERRBZELS AT WETHY, AMiEE
N E EAREICE DN =D 3HS MBI, AP E 6 BB B RS O MR o 5 7S
AMTICRETH 5 & Eh, AWM S RBATEAL LT < RALIBREA W] & I & 51T A0 AR H
SHEW LTT & 21T, L bl ims % CULLENH 2, BT TS O T E &8s T
YVE OGS HREE D IRITIED HE21T K - TAM 3 XU ML D 500°C LI NIC s 1 4 B s Fe s s

ICHSPITTE 5 TE TS A, 700°C F 7213 1,000°C £ TORABIZICE T b & b Thdis {, &

HEHOD N S b1 — X & b i = 2 5N T =

IR BRI G 2 W0IEAM 7 e v 7 DR OB FITH 1T 2 M OB M E 72135 AL OMFLIC DT O
FERHRIICE <, ERINRMD © A THRE AN 2 4B STz,

AMEOI T, MESEAM 7 vy 2 BX O ED v, Kusox I 7 =158 5 I gk, ARG
Uk A0 T 400°C & T o iAo, KA RN OB R, 2 alk
NS OGS (180°C, 260°C, 310°C, 400°C) HRLMIDILE, KRNI & ORI S Bt
BB E Ao Gk E0RE Ob) o R 3R, B0k (RO O Wk R &

SR SUBBBEIC B G b = 5 v F— DA s X SICKRMOBAK (Tiva—w s NvE VKK

AT A) BrXUOEDFnwro—2, v/, o —z, Kiason 1) 7/'= v, MWL ) /= v,

AHRETS E DN,

B

14 DT 900°C FTORAATT, £kt #l (180°C, 260°C,
310°C, 400°C, 500°C, 700°C, 900°C) pefbizts & TIC K EFNT X 2 AT R ALD78 & O MR A <=
7 bovkB KOEHMMIE A B O/C Id 5 HIC BUFEUER M 1E & s at & §iits M iic B 1 285 &
HhET, AME 20l

ETALE D

k1% o3 D BRACBTRR I 5 1 4 BB EREDE LIC DN THE L
W, BRMZNRMORGERICE T 5 2LORM AN ST bicnic, AAMT 2y 2105
CHRURD E AP RIBONLTARRM O LV, s KT Mo R i ks 1 2 AR BER G 2> 515 72 F50R
LB R X O 2 DMhORT D S AM O BB M Ui,

I, MOHRICE T, AMT ey 7 ERED NP TARMO Lo RGEE L, Wb
Uipds 5 WILER O/ $ 2 — Tl T EBH S E72D, DR R A I k5 ~-200°C,  200~-310°C,
310~450°C, 450~1,000°C @ 4 BEHSIC KN T 5 © & 8T & 70130,

200°C LI Mz BT
SRR OO 28 S0 BRSO IC K 2D B O F 2 DDA b5, 200°C A kA 2 & Hasdk

B LA A, DD THED DI Ao BRI DB RE N O A

HBICTS B8, Z DRtk S BRI S 5o iR &
13 200°C Wi T, Z OB TEEERSMNE EA ERMHTHO A, 260°C FTRIEL LT~ v
0= AR, 260~310°C THAE LT m—2BSEGME L, B 260°C Nitk, #E» 310°C jik T

RO R TG A BT dh 5 o SO RDH BRI

NZNORARGE A MI U THIC LETs, RETHEO SO FHIEMGE~O ST 5. 310~450°C
TREELTY 7=V BEOM L, TDORIIOHEZRIFERADSEE D, IR ORI D
2RI BT DI, T ORMELEY OISR BETTL, a2 RISFRLENE S, Y /=13 310
°C LIBNC #» b A F v vk @ —HOBEEDA B4, 400~450°CICB 0T 7« =7 ue il sEAe
Bo MMABHED S M ETIC 3 EEIN DM MICE - THINK E A ADZEDLNBH 5o
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A Study on the Carbonization Process of Wood

Akira Kurivama

Summary

1. Pyrolysis and carbonization process of wood block

The air-dried wood blocks of peeled Sugi log (softwood, Cryptomeria japonica), peeled
Konara log (hardwood, Quercus serrata), and Mosochiku log (bamboo, Phyllostochs edulis) were
used as the experimental materials. All these blocks were 8 cm in diameter, 8cm in length,
and about 13% in moisture (wet basis). The thickness of the bamboo blocks were 0.85cm.
Each block (weight : about 200~300g) split into two parts at the center axis was heated to
400°C in a Fiscurr-Scuraper type aluminium retort (vol : about 600ml). The temperature of

each sample reached 160°C_after one hour of heating. Then the sample was heated from
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160°C to 310°C for seven hours and a-half with a heating rate of 20°C-hr~%, and then from
310°C to 400°C with a rate of 100°C-hr7%, and it was allowed to heat at 400°C for 30 minutes
as shown in Fig. 1. The amounts of distillates and gases were measured in each 30 minutes
during pyrolysis (Fig. D).

From the data of the pyrolysis processes of samples (Fig. 1), and the yields and the
chemical analyses of carbonaceous residues from the pyrolysis of samples to different tempera-
tures to 400°C (Table 1), the residual weight percent curves of the wood block or the weight
percent curves of carbonaceous residues of the wood block and the residues of that ae a reac-
tant (Fig. 2), the average rate curves of weight loss of the wood block as a reactant (Fig. 3),
and the values of activation energies for the pyrolysis reactions of the wood block (Table 8)
were obtained respectively with the pyrolysis processes of the wood blocks investigated.

The pyrolysis reaction of wood can be expressed as follows :

. Pyrolysis i .
Wood (as a reactant) ———-——Solid products + Gaseous products
Heating

The gaseous products comprise distillates and gases evolved.

The relationships between the initial weight of the wood and the weight of the carbo-
naceous residue or that of the residue of the wood as a reactant at a certain time during the
pyrolysis of the wood are as follows :

Weight of carbonaceous residue = Initial weight of
wood — Weight of gaseous products —-e--ereeeriimneenen (2)
Weight of residue of wood (as a reactant) = Initial weight of

wood — Weight of solid and gaseous products -« --oosreeeees (3)

In Fig. 2, the pattern of the weight percent curves of carbonaceous residues of the wood
blocks is similar to that of the TGA curves of wood in nitrogen, and that of the weight per-
sent curves of residues of the wood blocks as a reactant resembles that of the TGA curves
of wood in air#»297™"  Differences in two residual weight curves of the wood block and the
wood block as a reactant indicate the percentages of the solid products during the pyrolysis
to 400°C. The solid products might be an interesting material which is more readily oxidized
than the remaining reactant part of the wood, and it is also presumed that it plays an im-
portant role in combustion of wood.

The rate of weight loss of a reactant in pyrolysis reaction of wood is generally expressed

as follows :

where : w = weight loss of a reactant at time #, k = reaction rate constant, W =
residue weight of a reactant at time ¢, #n = order of reaction.
In the equation (4), £ changes according to Arrmenivs formula (5) at various tempera-
tures, assuming a first-order reaction for kinetics of the pyrolysis of wood.
b= Ae-EIRT (5)
where 1 A = frequency factor, R = gas constant (1.99 cal/mol °K), T = absolute tem-
perature, E = activation energy (kcal/mol).
From the equations (4) and (5), equation (6) is obtained as follows :

dw

log (—4%-)~log W =log A~ (g fggr) o (6)
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As shown in Fig. 3, it was apparently recognized that there were three peaks in the
average rate curve of weight loss of a reactant during the pyrolysis of each wood block.
Among these three peaks, it was considered that peak (1) at temperatnre range of 200°C to
260°C was mainly due to the thermal decomposition of hemicellulose, peak (2) of 260°C to
310°C was to that of cellulose, and peak (3) of 310°C to 400°C (final period) was to that of
lignin, respectively.

From Arruenius’ plots (Fig. 4) for first-order kinetics of the pyrolysis of wood blocks to
400°C, the values of activation energies (Table 8) at every temperature range in the decom-
position reactions of woods or wood componenents were calculated.

2. Pyrolysis and carbonization processes of major components of wood

Pulps and Kuason lignins prepared from Sugi wood, Konara wood, and Mosochiku bamboo,
and absorbent cotton and filter paper (Table 9) were used as the experimental materials.
Each sample (weight : 20 g) was pyrolyzed up to 400°C in the same way as in the previous
experiments for wood blocks. The pyrolysis processes of these samples are shown in Fig. 5
with a maximum peak of the amounts of distillates and gases appearing at 280°C to 290°C in
cellulose and pulp, and at about 400°C in lignin. The degassing and drying processes in these
materials below 200°C are the same as those in wood blocks. It can be thought that the de-
gassing below 200°C is due to the thermal expansion of air in the retort and the desorption
of gases which had been adsorped in the sample before heating.

In the pyrolysis processes of cellulose, pulp, and Krason lignin, these residual weight per-
sent curves (Fig. 6), the average rate curves of weight loss of these materials as reactants
(Fig. 7), and the values of activation energies for the pyrolysis reactions of these materials
(Table 10) were obtained respectively. From these results, it became clear that the initial
temperature of the thermal degradation of every major component of wood was around 200°C
as well as those of wood blocks, and cellulose was pyrolyzed mainly in the range of 250°C to
310°C, and lignin in the range of 300°C to 400°C. The pyrolyses of cellulose and pulp at 200°C
to 260°C are due to the decomposition of most part of hemicellulose along with that of a part
of cellulose, and the carbonaceous residues at 310°C of these cellulosic materials decompose
further secondarily at 310°C to 400°C. Side chains such as methoxyl group or weak points
thermally in Klason lignin are also decomposed at 200°C to 310°C.

The air-dried wood meals, holocelluloses, celluloses, pulps, and Klason lignins from sugi
and Konara woods, and filter paper (Toyo filter No. 7) were carbonized to 900°C in nitrogen
flow in a quartz cylinderical retort 19 mm i. d., respectively. According to the data on the
vields, the infrared spectra, the elementary analyses of these carbonaceous residues at different
temperatures to 900°C (original, 180°C, 260°C, 310°C, 400°C, 500°C, 700°C, 900°C), the changes of
thermal reactions and chemical structures in the pyrolysis and the carbonization processes of
woods and these major components were investigated.

The yield percent curves of woods, these major components, and filter paper (Fig. 28) are
based on the weight of every carbonaceous residue heated to 180°C against these of materials
before heating. As is evident from these curves, the yield of every carbonaceous residue de-
creases vigorously from 260°C to 310°C in cellulose and holocellulose, and from 310°C to 400°C
in lignin. Holocellulose containing hemicellulose gives lower yield than cellulose in carbo-
naceous residue at 260°C. The yields of wood and its major components at 400°C to 900°C de-
crease gradually with increasing temperature.

As shown in Fig. 29 from the data of the elemental composition of the carbonaceous re-
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sidues obtained at different temperatures, the directions of the atomic H/C and O/C ratios
curves suggest several pyrolysis reactions of wood and its major components. According to
every curve, it is presumed that the pyrolysis reactions of hemicellulose and cellulose between
180°C and 310°C are principally of dehydration, but those of lignin between 310°C and 400°C
are mainly of demethoxylation and demethanation, and the carbonization reactions of wood
and its major components at above 500°C are mostly of dehydrogenation.

The infrared spectra of the original and carbonaceous residue samples were determined
by KB,-disk method. Usually a ratio of three milligrams of a sample to six hundred milli-
grams of KB, was used to permit absorption. The changes, the disappearance occurring in
the respective bands at around 1,700 cm™?, around 1,600 cm™, 1,500 cm™3, 1,160 cm™ in the
spectra of cellulosic materials, lignins and these carbonaceous residues, and the appearance of
three bands at 870 crnt, 815 cm™, and 750 cm™ in those of the respective carbonaceous re-
sidues at 400°C and 500°C were particularly notable.

In the spectra of cellulosic materials and these carbonaceous residues, the bands at 3,400
cm™ assigned to hydroxyl group (H-bonded) and at 2,520 cm™1 to aliphatic CH groups (=CH,
==CH,, —CHj) became gradually weaker in their intensities from 180°C to 500°C, only the trace
remaining at 500°C, and so disappear completely at 700°C (Fig. 9~15). In the spectra of the
carbonaceous residues of cellulosic materials at 180°C to 310°C, the band at near 1,700 cm™ as-
signed to C=0 stretching vibration became gradually stronger as the pyrolyzing temperature
increased with a dominant peak at 310°C, and then this weakened at 400°C to 500°C. This band
in the spectra of the carbonaceous residues of pulp treated with an alkali solution after car-
bonizing to different temperatures bacame extremely stronger at 260°C to 310°C (Fig. 16 and
17, Table 11). The intensity of this band in the spectra of the carbonaceous residues of filter
paper and those treated with an alkali solution exhibited little change to 260°C, but became
the strongest at 310°C, and weakened gradually at above 310°C (Fig. 15 and 18, Table 11).

From the results of changes in the band at near 1,700 cm™ in the spectra of the cellulosic
materials and these carbonaceous residues to 400°C, it was recognized that in the pyrolysis of
hemicellulose from 180°C ta 260°C new carbonyl groups are formed, and in that of cellulose
from 260°C to 310°C much carbonyl and little carboxyl groups are created.

The absorptions of the band at near 1,600 cm™! in the spectra of cellulosic materials and
these carbonaceous residues tended a trend toward a slight increase or decrease in intensity
at 180°C to 260°C, but at 316°C this band shifted to 1,600 cm™! and the absorption became most
strongest in those carbonaceous residue series.

The absorption band at 1,630~-1,615 cin™! was assigned to the absorbed water or the bound
water21221622D and it is also said to be due to unsaturated carbonyl groups or unconjugated
carbon double bond of carboxyl groups!®®_  The assignment of the absorption band at near
1,600 cm™! has been assumed to be due to hydrogen bonded carbonyl groups as well as aro-
matic C=C structures in coals?'?~220),

As mentioned above, by considering the formation of more water undergoing the dehyd-
ration reaction and the changes of the absorption bands at around 1,700 cm™ and around 1,600
cm™? in the thermal degradation of cellulosic materials at 180°C to 310°C, it is thought that
hemicellulose is primarily decomposed at 180°C to 260°C with the appearance of C=0 and
—C=C— bonds in the residue at 260°C probably resulted in the formation of a keto-enol tau-
tomeric system at the positions Cy and C; within ring units®H2 and cellulose is at 260°C to

310°C mainly with the formation of a keto-enol tautomeric system and partial oxidation pro-



— 74 — WERRIGIT M E H 3045

ducts accompanying the evolution of more water and CO2% Therefore, it is presumed that the
pyrolysis reaction of carbohydrates in wood at 180°C to 310°C proceeds to the formation of an
aromatic system through intermediates of keto-enol tautomeric structure or its partial oxida-
tion productst”2229  In the spectra of the carbonacecus residues at 400°C to 500°C the bands
at 1,700 cm~1 and 1,600 cm™! weakened gradually, and the bands at 870 cm™1, 815 cmm~2, and 750
cm™? appeared newly, and these bands were shown clearly in that of the residue at 500°C.

These absorption bands at 870 cm~1, 815 cm™ and 750 cm™ have been assumed to be due to
polycondensed aromatic ring system in coal?19221328),

The absorption bands at 1,600~700 cm™ in the spectra of hemicellulose and cellulose re-
sidues at 310°C weakened greatly or disappeared, and new absorption bands at 1,430 cm™1, 1,380
cm™! and 1,260 cm™ appeared and they were shown clearly at 400°C. The patterns of the
spectra of carbohydrate residues at 500°C are much the same as that of coal above 90% con-
tent22n,

The bands at 1,430 cm ™1, 1,380 cm™, and 1,260 cm™! are assigned respectively to the absorp-
tion of aromatic vibration, methyl group, and aromatic ether and phenolic structure in
order5$218)220)228)929)

From the spectra of carbohydrates above-mentioned, it is recognized that at around 310°C
hemicellulose and cellulose have no longer the chemical structures of carbohydrate types,
change to aromatic, and then at above 400°C begin to form polycondensed aromatic rings
with those growing gradually to above 500°C.

It is found that in the spectra of lignin and its carbonaceous residues to 310°C the absorp-
tion bands at 3,400 cm™? (aliphatic O—H), 2,920 cm™? (aliphatic C—H), 1,500 cm™! (character-
istic band of lignin), and 1,460~900 cm™ (guaiacyl and syringyl type compounds) decrease
gradually, respectively. These bands weaken greatly or disappear at 400°C.and 500°C, and
new bands at 1,430 cm™, 1,200 cm™t (broad), 870 cm™, 815 cm™ and 750 cm™* appear in the
spectra of these carbonaceous residues. The spectra of these residues at 500°C are similar to
that of the residues at 500°C of holocellulose and cellulose. Therefore it is thought that the
chemical structure of lignin changes to a polycondensed aromatic type when carbonized to
500°C.

The absorption bands in the spectra of wood are based on all the chemical structures of
hemicellulose, cellulose and lignin, and these bands change respectively as the carbonization
proceeds. These changes show that the carbohydrate type disappears at about 310°C with
beginning to be convented into aromatic type. The lignin type disappear at 400°C with pro-
ceeding gradually poly-condensed aromatic type accompanying the same changes of the car-
bonaceous residues of carbohydrates, and then that system grows continuously as the tem-
perature elevates further.

3. Carbonization processes of wood block with bark in a retort and main wood in a kiln

The wood blocks with bark (8 cm diameter, 9 cm long, about 35% moisture, 4504100 g
weight) from SUGIL (Cryptomeria japonica), KONARA (Quercus serrata), SHIRAKASHI (@.
myrsinaefolia), FUSAZAKURA (Euptelea polyandra), SAKURA (Prunus sp.), and MIZUKI (Cornus
controversa) logs were carbonized to 700°C or 1,000°C respectively in a stainless steel retort
(13.5 cm diameter and 15 cm high, about 21 vol.). FEach sample was heated and treated by the
same method in the aforesaid wood blocks, being measured for the temperatures of outer and
center of sample for the curve of differential temperatures between the two points during
carbonization (Fig. 30, 31, 32).
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Both curves on the residual weight percent and the rate of weight loss of wood blocks
with bark (Fig. 31) were much the same as those of peeled wood blocks (Fig. 2, 3). The
curves of the rate of weight loss had four peaks to 400°C and gentle slope from 700°C to 1,000°C
respectively. The curves of different temperatures between the two points at outer and cen-
ter in respective wood blocks used had five endothermic and four exothermic peaks to 700°C
or 1,000°C. These curves had two endothermic peaks and one exothermic peak from initial
temperature to 210°C~240°C (central temperature of respective wood block samples : 180°C).
It is presumed that the thermal softening of wood continues to occur until the first exothermic
peak at about 160°C1®189199  and then the wood is dried in the range of the temperatures from
160°C to 210°C~240°C.

A small quantity of gases was evolved during the thermal softening stage, and no gases
were liberated in most part of the drying stage (Fig. 30). But gases began to generate again
at about 200°C. Therefore it can be seen that the temperature at about 200°C means the
initial temperature in the pyrolysis of wood.

The end- and exothermic reactions at the temperature in the ranges of 200°C to 260°C,
260°C to 310°C, and 310°C to 450°C are mainly due to the pyrolyses of hemicellulose, cellulose,
and lignin in order (Fig. 32). In the processes of the pyrolysis of wood to 450°C, much dis-
tillates and gases were produced, and so wood which became to a carbonaceous residue had
an aromatic skeletal structure of about 80% carbon contents. In an endothermic reaction
between 450°C and 550°C gases alone evolve (methane and hydrogen) as products, and the
chemical structure of carbonaceous residue obtained at the temperature ranges changes to
polycondensed aromatics from aromatics. In the exothermic reaction at above 550°C much
hydrogen generates as a product, and polycondensed aromatict structures or net planes of six-
membered carbon rings of the carbonaceous residue grow to charcoal. The carbon content of
a charcoal obtained above 700°C is above 9025. Next experiments were practically done for
a research on the processes of carbonization of wood in a rectangular block kiln (charcoal
production : about 500 kg per cycle, max. temp. inside kiln : 700°C) (Fig. 33, 34). This kiln is
1.5m wide and 3.0m long and 1.2m high (wall) with an arch-type ceiling. Woods charged
are 2.5~2.7 tons. A test wood in the main woods charged vertically at the center in the coal-
ing chamber of the kiln is a round wood of ARAKASHI (Q. glauca, 10 cm diameter, 100 cm
long, about 35% moisture in wet basis).

From the results of the processes of carbonization temperatures at the outer and the
center in the upper, the midddle and the lower parts of the test wood (Fig. 35, 36, 37), the
curves of different temperatures were obtained for investigation on the thermal behavior of
the wood in the kiln (Fig. 38, 39, 40). Also the results of analyses of Arakashi wood charcoal
are shown in Table 14 and Fig. 41.

Some semicircular plates of sugi and konara woods laid at the rear upper part of the kiln
were carbonized, and these carbonaceous residues and charcoals obtained during and after
coaling were analyzed as Table 15 and Fig. 42, 43, 44.

A pattern of the curve of differential temperatures in the upper part of the test wood
(Arakashi log) stood in the central part of the kiln resembles that of wood blocks with bark
above-mentioned. Consequently it can be explained well for the thermal behavior during car-
bonization in the kiln.

4. Conclusion

From the results described above, it may be concluded that the carbonization process of
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wood heated slowly is performed in the following four steps.

(1) Initial temperature to 200°C. The thermal softening and degassing of wood took
place up to about 160°C, followed by the process of drying in the temperature range from
160°C to about 200°C. It is considered that the degassing of wood during the thermal soften-
ing stage is due to the expansion of air in the retort and the desorption of the gases absorbed
in the wood. In the drying stage the wood loses the water contained.

(2) 200°C to 310°C. About 200°C at which the pyrolysis of wood begins, the pyrolyses of
hemicellulose, cellulose, and lignin begin almost at the same time, and then proceed respec-
tively in different process. In the temperature range from 200°C to 310°C, all the carbohydrates
are decomposed, but the lignin is pyrolyzed a little. Hemicellulose is mainly decomposed at
200°C to 260°C, and cellulose at 260°C to 310°C. At about 310°C the carbohydrates lose their
fundamental skeletons and then change to a kind of thermostable aromatic compounds of which
carbon contents are high. The pyrolyses of the carbohydrates consist of a hydration reaction
and a depolymerization reaction. It is thought that the decomposition of hemicellulose at
200°C to 260°C is probably the result in the formation of a keto-enol tautomeric system at the
position Cy and C; within ring units, and that of cellulose at 260°C to 310°C in the formation
of a keto-enol tautomeric system and its partial oxidation products. It is also presumed that
the pyrolysis reaction of the carbohydrates to 310°C proceeds to the formation of an aromatic
system through the intermediates of a keto-enol tautomer or its partial oxidation products.

(8) 310°C to 450°C. In the temperature range from 310°C to 450°C the lignin is pyrolized
losing the fundamental skeleton, and proceeds to a polycondensed aromatic type, while the
carbonaceous residues of the carbohydrates change under the same way to about 450°C. Below
310°C only side chains such as methoxyl group in lignin are decomposed. The phenylpropane
structure of lignin disappears at 450°C. In the pyrolysis processes of wood to 450°C much
gaseous products are generated, and then the thermal decomposition of wood is almost com-
plete. The carbonaceous residues of wood obtained at different temperatures to 450°C consist
of the residual wood as a reactant and the solid products respectively, and with increasing
temperature the residual reactant decreases, on the contrary the solid products increase. It
is presumed that the solid products are oxidized easier than the residual reactant, and they
are the interesting materials for the pyrolysis, the carbonization, and the oxidation or the
combustion of wood.

(4) 450°C to 1,000°C. In the temperature range from 450°C to 1,000°C, a small quantity
of distillates was obtained, much gases were evolved. It is clearly recognized that from the
results on the infrared spectra of the carbonaceous residues and the differential temperature
curves of wood during carbonization, the carbon crystallines in the carbonaceous residues grow
with increasing temperature at above 450°C. Therefore, after wood pyrolyzed below 450°C,
the polycondensed aromatic structures, or the net planes of six-membered carbon rings of the
carbonaceous residues grow to charcoal, and the carbon content of a charcoal obtained above
700°C is above 90%.



