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Fusako Asr: Studies on the Thermal Properties of Wood and Woody Materials V

Influence of heating rate on the thermal behaviour of wood
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Block diagram of TG-DTA appdratus. Sample holder of TG-DTA apparatus.
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TEE BT LR ORI IR CRE SN 2. RO 7 « 2 F RN INAGEE D
HIL5 & Ox R bR Licods Fig. 3, 4 Th b,
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Fig. 3 7 7 @ TG-DTA g #%
TG-DTA curves for Buna.

—— : DTA, - : TG, 1mmHg
Note : [ 1. 25~10 OFFZNBGRE (°C/min), ZOMIBE~7 Fidy a v~k
E (°C), EEMDIEIEIFE time=0 &F 5,
Numbers of 1.25~10 are the heating rate (°C/min), and the others are
temperature (°C) of peaks or shoulders on DTA thermogram. Zero on X-
axis is the initiation time of weight loss reaction.
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In#GHEE Heating rate : 2.5°C/min



i ¥ Reaction rate(mg/min)

—

a1
T

KM B LU AREMR ORI IC T

#i4 /b2 — 2 Cotton cellulose

[ IR EE S S P A 2
Xylan blended Cotton cellulose

30

T 5% & B Weight remaining(%)

WrgE (B8 58D (b — 193 —

A% Sugi

77 Buna

| H I |

230

Fig. 17

DTG for xylan blended cotton cellulose.

25

1% Temperature(C )

Fd

i zJov o
o DTG

—Z e FVYFT Ve TVYF

I#EGEEF Heating rate : 2.5°C/min, in Ny

Fig. 18
Relation between heating rate and the final
weight remaining (charcoal yield).

1.25 2.5 5
JH#Ri% EE Heating rate(°C /min)
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Table 1. & ¥ 3 v @ DTA
DTA of xylan
o "DTA GE—7 A B
5t ol 9w B 4 | Peak temperature R E RS
H.R. (°C) ] oE B R
Sample Environ- Dy RG] 3 Eh A e Author or
ment " Endo- Exo- Apparatus reference
~ (mg) (°C/min)  therm therm
;‘/h:{ jr] k b AN f qE: B 2.5 22 277 J?%%é/\}%:{ = [y i
=hira aloa Xyian Air 20 221 ‘ Shinkuriko Co. Ase
Agne TGD 1500
H Al
10 N, 2.5 230 289 do.
1 "o » « i
do. 10 Vacuum 2.5 | 220~240 272 do.
v + FF 7o = y 5 v
o - =4 = ¢ . Ak [if] 1o
Bundlgglan Air N 238 276 ngakudenkl Co. do.
Thermoflex D-C1-5
[i] . e o il [0
do. 100 N, 5 240 276 o do.
& R 7 &, . [ K 1E e
do. 150 J“Air ° 234 271 do §H1Mrzu et al.
oo o | 2 B LR
do. 130 Ny 5 240 277 do do.
=] 3 = z = il [
do. 130 Vacuum N 249 340 do i do.
AVﬁUTV xru‘
) ¥y g R REEL ! B
] 150 N, 5 235 270 Hungarian Metrimpex Bk
do. (,0 | do.
TSI T T ‘
_ i Derlvatograph ‘
R, V7=V, ~ikro—2) ORGSR ENMUIENOERETTHILENH L, 22 TLEL
FHEHBIC O SIHIKCBERAITH T & &9 4,
(i) DTA

7 e AFDKIMBGEER O DTA y—%7 5 LI DONTIRD T
TRHBBETH 5,
O 2 ONEILEEAA~BITT 2

(1
(2)

BZERTO 7 F B IR F ORI

HR BMAEWNZEE~ 7138

EDEE ST,

(Fig. 3~5),
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Table 2. TG iz B 5 ERHDIAE XU 0%* BB ORE
Initiation and 90%%* weight loss temperature®* of TG curve

7 + Buna 3 ES Sug1
H.R. - ] ‘ o ' ) | = ennam
Bl % R | SUSERH I H B SBR[
(°C/min) Initiation 90% wt. 1OSS\ Duration Initiation 0% wt. loss Duration
' O % | (min) o §®) (min)
1.25 210 324 | 91 200 | 336 | 102
2.5 210 340 52 232 | 350 47
{ |
5 210 | 354 | 29 234 | 360 25
10 230 a7t 14 260 | 380 12

* Fig. 9, 10 O, Y-axis of Fig. 9 and 10.
wx TG ghig DZdh &, The inflexion point of TG curve.

(8) 7+ 7Ti31.25°C/min B4R EEREOE~, (Fig. 5 o¥—7 1) 0@dhbikrs=v 7 %
fedvavg—B@von (-7 1), ¥—7I0BAbY—7 TR HR k& <785 & EEA
~BHT 5,

AFOBEARLEREOL IR E— 7 HHRBED O NT —BEREORKRIIEDHTH 5,

(4) A#HEskEs ® DTA ¢4 — VIt T 2HE53ROBYTH %, §78b5 Fig. 6 BAMEZOD
FEERSTHEvrn—2D DTA ORKRTHY, wiro—2RORENSAMD DTA /4 —vick&l
FELTW 20005, Fig. TICR7FPoHEELI+> 5 YD DTA %7, %/ Table 1 ¢+
v5 v DTA KT 57— 424548/, Table 1 Itk % &+ 5 VEMOBSEHE E~ 7 13 240°C £
MTHB, Fig. 8 Bt —R&EY5hNF V5 /EDT VYR (FV 5 VBEAR12%) 2k &L
T DTA 27 - 1R TH 2 BEN O DRSO E— 7 OFRABRENG

(i) TG

Fig. 3, 4 © TG iR dMMHEMICHT 26D TH 5, ChaRE#HICEL T oy F 35 & Fig. 9,
10 BE 55, T/ Fig. 11, 12 1% Fig. 3, 4 © TG oy i (DTG) T, T b, bROEEM
BEanI,

(1) BEFELOHEE XUREOKTRER2NT

BESEEIE 7 H.R 1.25, 2.5, 5°C/min TiI2E—ETh 5 (Table 2),

AFCRERBOIISOBBICEL - TEBBMSA ONEDS, AF « VA F9 V) 7=V THEKD
B b (Fig. 13), SFEKHICER Ui 7 = Vil oS BIEYE IS S hiiciobic
MELEBHEMTHAEELONS,

FOBK TRER T F « A+ H R pRE R EHRNT

(2) TGHRICHT 2 MBIkS D% S

7 ® DTG Tid H.R. 2.5, 5, 10°C/min 084, FRIGXDEEREMN, =hzh 285 295, 291°C %
max. &9 3 HMERKEE Trax SEELZOY— 753 HLR BELLTHEICBIZEERRE— /&
D60% ThHbHo AFTIHE~A, bLARE—7 OHHENSAHETH S (Fig. 11, 12), Fig. 14~16 iC
BRSO DTG %RY, DTA B, AMO DTG @ max. 19 2ERDTH S wrn— 2D
ERKkEnc Ebdb, gt ro—2LFy 5 vO7 LY Fo DTG 3 Fig. 17 OB D T, &r o



Kt L ORE MR ORSHEEICBTHE GB 5 #) (D 195 —

—~ 2D Tmax OFEERALNAE LCINLAMBNI tvo—RADHRGHEE— 7 M EA SN - T2,
(3) BUSERS CKIR) oICEIc 20T
Fig. 18 IcF ¢ — b L DB LI SUBERS (ORI IWEERT,

SRS CRpo Mg = = DER-TGHE 190

M

H.R. 1. 25°C/min TRARBENZ DD 2.5 7500 L 5°Clmin T » 7o ADERDED Uic B O
Lo MBOBHRTEREILRZT R 7 7 ov b ORSHERIC & ED O, LS5 H R 10~12°C/min T
R DEER ZRESEAED S EWEL, ARS®E IR Sk HNEAROBMT I BAE {1
B, ORETREAUICELRIT, MDA > TORLIEEEMETH D, AM &R O MZE
& R B HOR. OBk 203, 4 HR LIETR OB UTBIT & 28
AT O THREHERIBIC R - TG MOED SR O REFTI 2 » TH—b S5, £DFcd DTA ©—7,
DTG @ Tmax OREAMEDIEEMBITICTE S 22 5105,

FEN DD FRIZHDHIC X - TR EICER LB TR 0 R~ OB TG KE D S DER

H5HDTH5. HR HNEDVIRIE, COHENK - HEHFERET URTHAORERZ/NS(, DTA

2B = VTR & TS D DS D PGSR AN OB L VTR THERI L D3 (0D, 2Dcdic
o — A D EIE T AR EE R S e 2 SO EE DT, SURIR S IE DN b b, cn T Lid HoR.
g (2.5°C/min) &L, BWMTEEZ TiT-tokrn—2 « 320352« TV FORSTTHRPS b
HWOPTH B, TROBBEETFTTUEDLES, vovw— X HEMTINES DI CROTIEFIR) 14%,

VYR 229 & KIBICHIING B DS U, RO SRAMBEE DS R X DR Ny KR T T ORST
Tidervo—2BMME 7Ly FEDMIZIZEA EWE LO DL, JIET28%, BRETBEOL 26%
T# -t (Table 3),

%7z Table 2 OBSHIICONTAH S &, ZOBEE» S 90% HEK: (TG fifoZ M sicEy, TX

IR T 2) FTOMERA, 1. 25°C/min T 90~~100 4%, 2.5°C/min T 50 43, 5°C/min T 25~29
4y, 10°C/min T 12~14 53 TH 5, H. R. OB/NEEROBEL THIGHKHIC 80~90 D EBH YD, I
RS Z ISR ZEDT RN ENL S, TNOBENVTEE LS - T Fig. 18 OFRSE O NI EEZ
S5,

(4) TGHBEDOMITICONT

AT &R U HETAMOT GO 2115 C LM TE 5,

Tibhb, W, 2 ¢ LRFGE, n ARUSKME T 5 EEREHDHEERIAR (1) KE-T
EhEnb,

—dW,

Chr—kWn (1)

k2T, Arrmevius BUC RIS k=Ae—PIET A 3, ERENE(LT v F—, RIEIHAER,
T 3eiBETH L. chve (1) X B ICA LU EEE D EREBZEN5

10g< = fJV —)—n log W ~log A— fé O (2)

KM OBSBROFIBRFIRSTH 2 v o — ZOMIIERES TH D IRHDEN U E U THRFTEET
Hbo ¢TI n=1 LT T izl (2) FAWUE 7oy bd il (T—Lv=v R Fuy b EFE
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Table 3. fgervo—2«F3 V7LV F
HED TG itk 3 FIER S CRK) IE

05k Final weight remaining from TG
of xylan blended cotton cellulose (%)

= N . 5B A 1 ‘.
o N ~.._ Environ-, B 4 | N 77 R
“\\ \!\ 5ok e ment Vaumm 2 Air
o \Hw Sample T e
—~0.51 51“\'\ . o —x 1 e
Cotton cellulose | 186 25.1 22.0
TJUVVE, FvIVo ;
s Blend, kylan 6% | 22.21 23.3| 24.8
do., wylan 1% \ 22.8 | 26.1| 24,9
x Table 4. HEBHLD KEOEEALT 2V F —
2 Apparent activation energy obtained
—2.0f from TG analysis
7 <+ Buna Z ¥ Sugi
I I | 1 L - e
1.50 1.60 1.70 H.R. B rljfﬁﬁ{ﬂiumi F[(MJEFFE i
1000 o T emper- T emper-
-5 (¢C/min) (Kgﬁﬂ)l) ature (KL?HLOI) ature
) . ) range (°C) range (°C)
Fig. 19 7—v=vwx7ay b - i
; 1.25 61 302~325 | — —
Arrhenius plots.
: o 2.5 40 | 292~-338 | 42 | 319342
Note : B: 7' Buna, S: 2% Sugi . )
o IAGERE (°C/min) 5 37 | 308~350 | 31 | 316~353
Numbers are heating rate (°C/min) 10 42 325~~371 35 309~371

big), TOEHBMICOVTIE (2) ROBHALTERSEEREEA 2 ENTE, HHOEE DS
BT 0FE bz 2 vF—2RD B EnTE S (Fig. 19 XU Table 4),

4. 7&

PFBIORFEEHEE U TNAEE 0L AEE LS, ofs—iir s UTHE T TG-DTA [F#;
WEATT - 72,0

(1) 7Tk DTG (TG o#isy) 1€ 1.25°C/min 2R X 220 — 7 L~ 2o — 2k L
v n— 2ADBNRICHIET 5, DTA T35 B XU 10°C/min OBEAICIRILY a v 2 — B EH H 1
%o AF¥TIZ DTG, DTA LdicE— 7 OFEESHBETIS, Table 5 XN DREORIERTH 5
B, EVHE—R e FUT Ve TUYF (R 7 VIBGEIZS) TREKSEMOL D ©— 7 HED 5
DBRONZ, Fr— B TRNAEREORENEEE— 7 RENEG L5,
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Table 5. DTA O v — 7 HEBIT DTG @ Tmax
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Influence of heating rate on the thermal behaviour of wood

Fusako Ape@

Summary

Influence of heating rate on the thermal destruction behaviour of Buna (Fagus crenata)
and Sugi (Cryptomeria japonica) were investigated by TG-DTA simultaneous method in
vacuum and with successive runs of heating rate of 1.25, 2.5, 5 and 10°C per minute re-
spectively.

DTA thermogram for the above species was mainly endothermic. The thermogram for
Sugi gave a smooth endotherm, but for Buna, 2 stages of decomposition were separated on
the DTA and derivative curve of TG. In all cases, the higher the heating rate, the DTA
gave the more sharp endothermic peak, the higher peak temperature and the larger reaction
velocity., Clearly separated peaks were recognized on DTA thermogram for Buna at the heat-
ing rate of 10°C per minute.

One of the kinetic parameters of weight loss reaction of wood, activated energy was de-
termined by analysis on TG curve, and 40 Kcal/mol was obtained as the temperature range
of 300~-370°C.
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