PR T2 32(4) : 213~226(RF%2350) 213

FURH MO R BB U R < Vi B

B BAEYT e 2E81

(22 A SERF AR (120-260°C ) e Si B BR B (Z2 R AR ) BHIIEZ ( Cryptomeria japonica ) K1 1B (Fagus
sylvatica)) “VYJFRBGEITAVEER - [FIRF - FII A SRESRIEEABRPE » Xoray RS Azt SRMRAT - SRAT A B A - U]
P ER IR M BT B At 2 S - BUBRATIREUR - TaRAE 2R B AR BRI T TR - AM B R i
WHHERRES AR B E Z ST N - S4b - RSP BER FAMS AN - & BRI E R, 260°C Kf - AP EAES
LGB RN L« R GTH - R2ERERET - E AR SRS 200°C I - HM 2 PUERE AR R
R RN TR 5 MR AR - EEVEHLEEE 260°C I - B 2T R - MEAM R MEE i -
2R A RIR L T+ BB L RIHEAT ST H 180°C B 200°C FAIAEHEGREAL - HAh - BAM RIS HER
Vet L FEE S it IR 1T Z SR o ST - BAMSE BB - & DRSS IR - TR 0
AL - (EE R LR 260°C I - DRHEHESRRS ShEm PGl - S KRS A -

(BHSER ] BO@Et ~ MR ~ [LBHR ~ SPUTHR - VBB e -

Effects of Heat Treatment on Physicomechanical Properties of
Japanese Cedar and Beech Sliced Veneers

Yi-Chi Chien' Teng-Chun Yang? Ke-Chang Hung' Jyh-Horng Wu?

[ Abstract] In this study, Cryptomeria japonica (Japanese cedar) and Fagus sylvatica (Beech) sliced veneers were heated at
different temperatures (120-260°C) under air or nitrogen atmosphere. Effects of heat treatment on physicomechanical
properties of sliced veneers were evaluated by universal testing machine, X-ray diffractometer, and color difference meter,
etc. These results showed that the mass loss and volume shrinkage percentage of the heat treated sliced veneers increased
with increasing heat treatment temperature regardless of gas atmosphere. According to the results of soaking test, sliced
veneers exhibited better dimensional stability and hydrophobic properties after heat treatment. When the heat treatment
temperature exceeded 200°C under air atmosphere, the modulus of ruptures (MOR) of sliced veneers decreased significantly.
In contrast, the veneers exhibited the lowest flexural properties at 260°C under nitrogen atmosphere. The color of sliced
veneers darkened after 180°C and 200°C treatment under air and nitrogen atmosphere, respectively. Additionally, the surface
of heated sliced veneers showed smooth significantly with increasing heat treatment temperature. On the other hand, the
crystallinity of heat treated sliced veneers increased with an increase of heat treatment temperature due to the degradation of
the polysaccharides in the amorphous region. However, when heat treatment temperature reached 260°C, a significant
decrease of crystallinity of sliced veneers was observed because the cellulose degraded in the crystalline region.

[ Key words ] Heat treatment, Japanese cedar, Beech, Sliced veneers, Physicomechanical properties.
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AREEZE Brosse F A (2010) ZiAEE 51k
TERIGRIECK - ABGNY » SCiSFEARER 105°C ZHt
FEHEZIE 48 h 1% 0 A FikfblE (CMF-25S » i,
J5 » Taiwan) HEFTEGEIE o BURMRET - JEDL 50
mL/min SR AZGR 0 £ 5 min F5RFCHE R N
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% > BMSEIERIRE N Z BRI -

(IIT) BRI 2 Bdh
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(1) BEEHELHE (Mass loss)
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Mass loss (%) =[(Wo— W)/ W] x 100
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(2) BEFEIGHER (Volume shrinkage )

EHIEE B AT R AREZ M L 5L ~ 1€ e
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Volume shrinkage (%) = [(Vo— V1) / Vo] x 100

At Vo R BURBHRTHM ZABHZBERE (mm?) - V)
FoBHl 2 h 1R ZAEZHR (mm’) -

(3) ReF2ett:
a. 7Kk3 (Water absorption) JFzih/kHEfEziR=

( Volume swelling )

P EBE A Y 105°C 2 HEAR TRz AR 48 h
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T (Von) » BFRAMZAKSEE A 20 £ 1°C 22888k -
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Water absorption (% ) = [(Waan— Won) / Won] x 100

A Wo n Rl MIBOKRTZABHZE R (2) > Waan
FoidMbokik CHEHE () °

Volume SWClling ( %) = [(V24 n— Vo h) / Vo h] x 100
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b. PiEEREE (Anti-swelling efficiency » ASE)
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S (%) =[(V2—V1)/V1] x 100
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(4) PUEHRE (Modulus of rupture » MOR) Eil
PrEmE iR (Modulus of elasticity »* MOE )
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MOR (MPa) = (3PL)/(2bh?)
MOE (MPa) = APL3/(4AYbh%)
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Pkt s ARSI T Y3 R AR
M USR5 E R (MOR retention ratio )
FepiEiE 3 ( MOE retention ratio ) °

MOR retention ratio (% ) = (MOR/MORy) x 100
MOE retention ratio (%) = (MOE/MOEg) x 100

1 » MORo Bt MOR 531l Ry 4 Bz BRI 12 Frifll
5 MOR ; MOEq Bz MOE, HIJ43 il s 3t b sz
HiZFTlfFZ MOE -

2. FKimEE S H
(1) A (Surface color change )

A MR B ®E W E R A Minolta
(CM-3600d » Japan) Z 75t (Color difference
meter ) JETTHIE » Sy Des » MG HE R 8
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b+ AR 5 & il 2 & CIE LAB
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AL* = L[* —L*,
Aa* = a*1—a*
Ab* = b* —b*,
AE* = [(AL*)2 + (Aa*)2 + (Ab*)Z]l/z
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(2) FEFHEEREE (Surface roughness)
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(1) X-ray #5+EE# ( X-ray diffractometry » XRD )

AR B o BB & b0 MAC science
MXP18 (Japan) Z X-ray #REHEHEITIHT - 5317
RS REEEE 200 mesh ZARBERIA o S3HTHF -
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Crl) -

Crl (%) = [(1002 - Iam)/IOOZ)] %100
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(IV) #ats
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(Analysis of variance, ANOVA ) » if7iZE# Scheffe ¥
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{35 W3 7K DUB B3 il HE B 3 388 A 25 388 BN
FHBHY - EHGRIR S 200°C B - FfERE Y
YN 2 B EHEARAGHEN M ZEE » HE
S AEs 3.3 (HIRZ) ke 7.3% (1UEHE ) - —f¥ii S »
AMRBBREET » Episrh g Rl R 34
BNRER - HIRERPT e B M ERIE YN E 28
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BIF - RMBEREP SR B MEARM R
BuRHEfErhz SBAL I E - o B i S FE A 86
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Table 1. Mass loss and volume shrinkage of Japanese cedar and beech sliced veneers under air or nitrogen by
various heat treatment temperatures

Air Nitrogen
. Temperature
Species (°C) Mass loss Volume Mass loss Volume

(%) shrinkage (%) (%) shrinkage (%)
120 -02+024 0.7+1.64 0.1+£0.14 02+034
140 0.1+0.14 -0.1+£034 02=0.14 -1.0£054
160 -03+024 -02+1.04 02=0.14 -03+0.74
180 1.0+048 0.1+084 03024 0.8+0.74

Japanese cedar
200 33+£04°€ 13+£1.84 39+198B 2.1+£1.648
220 6.1+£0.6P 33+£068B 25+06°€ 2.0+£1.348
240 152+20°F 72+3.0¢ 57+0.6P 26+09€
260 255+£1.7°F 124+19°P 17.7+45¢F 83+19P
120 09+0.1% 03£09%® 0.0+0.2°* 03+0.2°%
140 -02+02°2 -13£1.1%® -05+14° 03+£0.8¢*
160 -0.6£29° 13£25%® -02+0.1° 1.9+1.1%
180 1.5+0.12 1.6£0.6% 0.9+222 0.1+1.9%
Beech

200 73+1.1° 2.8+1.1°% 26+3.6° 22+43%
220 126+1.1°¢ 54+1.4¢ 6.7+13¢ 24+08¢
240 212+194¢ 10.8+2.5¢% 51+13¢ 23+£0.7°¢
260 353+£22°¢ 17.0£2.0°f 16.5+4.6° 104+£27¢

Values are mean = SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).

(1) FREIBGEREEEE SRR N 2 R LA - e5h - SHMSER T YRR L
2 260°C EEWAKIRAS - R BIK 47.0 K
BB S FIEZ L LR - (g o0 IR 24 0 WOKIIRIDIRE i - AEPL
e e o RIEEEIRE S BRIER A R 14.4 K
S BV KB YE » TiAPHG BB R % L T BT
o s o e, 23.7% + RS BRI S E M o
MBI PRMIE LR et o L e
(Boonstra and Tjeerdama, 2006 ) » #ASER BT 24 v §%“%E§:§L Ui‘% 120 1‘5”1‘; (),O\OI(JZ_I ﬁ@:j!:: ,;i ;ﬁi
h RGBT SRR R ety Do RVEPRIIIAIE 150 J 200°C I - SLR
BEUSER o SREAGE — ATl < Hﬁ;ﬂ%%ﬁ@iﬁﬂﬁ%ﬁ%ﬁﬁgﬁ%‘%ﬂ ° ﬁ%%’ﬁ@{
ZHE o BRI 2 R RZERIREE TR . " Sk
: i - FEE 260°C BF » FERRASFRST A R BLRT
BEEIIFAL (Control) HIAZ Kol IABARES b o \ :
e o o o KRR + LRI 4.0 (HIS) R 8.7%
WK RIS 73.0 R 63.3% » T4 BUREHE AL
et e o gt (IR « S+ FURIRAHE 2 BB AR
FER S ELR R SR A TR 2 R - oo . § o
TR e e 1 o FUERLZ RS M e ) B R
W2 YT EER DR 180°C DA b3t Tl s & i g e e e o
RN - e BRI ORI B - B
Sk STELIGELI U et R s A e & T 30
[y + LGB 240°C DL bpgamsgy . TVREEMER LS
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Table 2. Water absorption, volume swelling and anti-swelling efficiency of Japanese cedar and beech sliced

veneers under air or nitrogen by various heat treatment temperatures

Alr Nitrogen
. Temperature - . . -
Species °C) Water Volume Anti-swelling Water Volume Anti-swelling
absorption (%)  swelling (%)  efficiency (%) absorption (%) swelling (%)  efficiency (%)
Control 73.0+6.74 144+254 - 73.0+6.74 144+254 -
120 69.3 + 6.7 48 13.4+ 2848 205+7.04 67.0+£ 10448 120+0848 236+434
140 63243480 124+£254BC 25319248 61.4+9.0A7BC 117134 227+624
160 6062850 13.0+£26"C  308£10.0"8 60.1 98480 102+ 148 2643278
Japanese cedar 180 553+42PF 94128 “f’“ 438+ 7.848 . 51.6+8.6 “f’“ 10.4£0.8 “‘: 342+29 “
200 51.7+4.4PF 87+25¢P 528+ 14.1 BC 456+ 5.7°P 109+ 148 445+37°€
220 557+7.7PF  66+1.2D0F 53.1+8.58C 4234410 95+0685  581+45P
240 578+57CPF 524+ 12DF 664+51C 46.7+53° 82+12%  620+65°
260 47.0+6.1° 40£1.7F 81.7+195P 51.4+99°¢P 6.1+23"0 752+49F
Control 633+£54° 23.7+24°% - 633+54° 237+£24° -
120 61.9£2.7° 228+£29° 22.6+38° 53.0 9.5 18.0+32%  ]98+4]"°
140 599+3.1°*" 2234+25° 26.5+£53¢ 60.6+42° 183+2.6% 219+28"
160 60.5+4.2° 25.1+24° 38.5+5.5% 57.0+4.4%® 199+25%® 26,7 +4,7%
180 59.5+£6.1° 209+22° 440+54" 505+7.6%4 1525100 335+34°
Beech . ;
200 54.6+064° 154+20° 64.3+68°¢ 44.0£9.9 b4 1565154 483+6.5°¢
220 48.0+53%® 11.6£23% 69.0£5.7¢ 44.6 + 6.0 P 132£20% 603724
240 3854490 10.1 £2.0° 77.7+£7.7¢ 383+53¢ 11.6+1.749 63.7+4.7¢
260 38.5£49¢ 87+2.1°¢ 79.8£3.6¢ 40.6£7.6% 95+1.7¢  65.6+8.64

Values are mean = SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).

260°C JEH# A R ETUIR CBUR » HAH 51 Es
81.7 (HIkZ) K 79.8% (ILEHE) - [AkkHE - 7ER
REREE T BE B Rk R 2B RIS - $F
I S R S ) B A 7 B 3 B B S 6 = T BB o
REAK 5 Horp > JRBL 260°C BRI AT AR K
o HAH Ry 51.4 (W42 ) B 40.6% (1LIEHE) -
IEAP » & 260°C BEERR - HIAZ SEUTE AR 2 Bk
TR ARR AT 14.4%KEE 6.1% > MILEEEY]
FNRHIE 23.7%F% % 9.5% - BIAEVIIZIERGEE
1T » JNREE B BRI EE (e sk B 5 Hoep o
5L 260°C pEdil B itz DR RE R »
WAz B Il BB SEY) B HAE 40 il ks 752
65.6% - MttEtEsRS S HIEE Esteves A (2008b)
DAY R PR EGE B LT T DU IR S BE i B 2 i SR A
BL o TRk E RS A - 3 AR R YA
TR BRI TR R A B o ETIIRA AR
ZFREL o [AJIRF - JEAE il o MEAE 2R N R BRI
24 BEORM R SRS - AT

S ARF R (Bhuiyan and Sobue, 2000 ) » 54k » K
BREAEHERE T - G H %N B EY)
ITHEE SME - ILARATREREA K 2 Bl B K FF
. ( Wikberg and Maunu, 2004 ; Kocaefe et al.,
2009 ; Brosse et al., 2010) »

Fr i SR AT DUSAN - AR Y] B RGE
BURB(L - BEH BURE IR KM - MR A &
RTEEE M - H G B BRI i = L H iRk
PEIRE iR » Hh XAz R R R AR B H
A HE A PUZHRRNEE -

(TIT) A~ [E) ez PR AR S Rl Bt S Y B o2 SR

PERT
I KL

A REE R - HRMEA G > £
ZLR B M F 53 P E B (Sundquist and
Morén, 2002) - [@ 1A ~ B EHIAZ Y EM R 224,
BLEREREE T » AN ATl P B B 1% 2 AR €22
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B (AE*) ~ BHEEZ{E (AL*) ~ FLEkZA{E (Aa*)
BB A (Ab*) 28k - HHlEl 1A FrfsRaT DL
fSH1 > fEZ2RIRE T - BEZE AR PR YRS I AL*
HAIBE < TR UM RmBE GG SR ZE
JE - BeEBEAEL Esteves % A (2008a) FBaisAH
BL o T R B 52 2 BRI R AR A BlyiR B R
rhry A AR AR SRR G < O EY) » i)
8 R AR P R .2 4Bl (Chen et al.,
2010) - JE&h - DMESA 180°C (2 1 B a7 T B BRI -
AR Aa*{EEL AbH{E L ANIHEE - (RIS
180°C 1% » Aa*HEL AD*{HHI Z 8L MRS » BUR
M IRk - S50 » AEMEREZ VR HIR
FEE b2 B > EIRELE 260°C I » AE*
Bk 47.4 » BURGEM DA SR 2 PR 1R FL R B

A LILK - ke 1B HP RIS U BRI ZR R
B TFAEM  RmEOE L HXEOSEBEZ
B R B R ERIR R T B A AL s -
SR » NARIREET > A BEHIREE 200°C
% - HEmEOA HHBE L - 1o - RRE
260°C pEHHRY » AE*H Ey 46.3 » H{HHIZZEIRE
BEPREAHE -

1C ~ D HIE | LIERR Y BEAREM 43 A 22
RARERE T BVR Bt 2 Raiga st b - HlEl
rhfE RN o AZZRERET T BE B H R A BH (a5
LR ZREEE BRI ERGEIZY - Hrp > ALME
[R5 e 22 A8 BERL L EE T 188 iy T e » LS L e B
NI Aa*Je AbHE Ry K » BUR USRI R
T EEHNE - HEASREL Brischke % A (2007)
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Fig. 1. Surface color changes of sliced veneers with various heat treatment conditions (Japanese cedar under air

(A) or nitrogen (B); beech under air (C) or nitrogen (D)).



220 5 FEA

PRFE T 2 FOREST PRODUCTS INDUSTRIES Vol.32 No.4

F LB PR RN B T T SR I B € 50 BT o Bk B
AR o b - BREEAM & Aa*BL AD* (R e
NESRBREREE T 2 BB EA R » B R RIS BE
B (< 180°C) b AHHEL - (HEBE IR &
i 180°C 1% » HBH{HE EBIMHME MFEZHE -
Shh - MR 2R A SRR TR %
H AEME B REE B BRI S s i s Horr
HLUREE 260°C BEHHRF » A2 R AREREE T H
AE*E 531 Fs 45 B2 40 o B ERiARMFR i Eys B
BHFRmFEOILZIRE » BrEHE SR SR 0
B @t - SO ~ R BRI R
KEENEE 2 ERIEY)ZIM (Sundgvist, 2004) »
AR S AR S A M 1 N A O M S L A
( Chromophore ) FzBtaE (Auxochrome) ZEIE
Y EMEME M (Tjeerdsma ef al., 1998 ;
Mitsui ez al., 2001 ) » LA} » ARM il 57 PR 52 24
R AR T A B BB RS R EAM R e BB
MZEAEINEE (Dubey ef al., 2011 ; Sundqvist and

Morén, 2002) °
2. FKImfHRERE

K 3 b2 b 1B YT B ARG AN TSR
B M EER BT N T AR B IR < R RLRE L -
FHZRPHEREUR - REEEIAZ VU] B RO
SFEPHIREE (Ra) ~ e KMIREEE (Ry) BetE6~1-4
HIBEE (Rz) ZfE53 5k 5.2 ~ 27.3 ¢ 15.7 pm »
Hpr» 2258258 N RUEH - Ra (HEFEE BB
FERIE R K © DL 260°C S B fufp] » H: Ra
iR - 5 2.2 um - B > Ry J Rz {H 28
AL SE S 2 B P T iR T B & PR » RSN
VB B FAEIBOR B B Ry - Horr
DL 260°C pz#il# - L Ry K¢ Rz {HIPRIRE{EE 13.5
ke 7.1 pm e fEAb - BRI BV E) B 2
IR RE L S LR B IR 2 i85S - At B P
&V B Z RIHREEE B5H RSP - Unsal £l
Ayrilmis (2005) BARMASE Fsilgtd L - 73511

K 3~ NFABEHEERCE A2 B LB U B R R R L

Table 3. Surface roughness of Japanese cedar and beech sliced veneers under air or nitrogen by various heat

treatment temperatures

. Temperature Air Nitrogen
Species )
(°C) Ra (um) Ry (um) Rz (um) Ra (um) Ry (um) Rz (um)
Control 52+1.1%  273+6.1%° 15.7+5.1%  52+£1.1%  273+61° 157+5.1°8
120 4307 213+£51%  136£318 52+08"% 32.0+478% 214x3248
140 50£1.1% 280+56" 16,645  49+09° 382+54"% 250+384
160 3.7£098¢ 221+68% 141+658 414078 209+49¢ 123+24F€
180 3.7+ 115 203+67%  124+35% 40+0.6¢ 202+55° 11.9%3.2°¢
Japanese cedar . _
200 354067 198+507B  [1.0+3.18€ 39+07¢ 234+45€  132+3.1°C
220 32404 212+46"  209+334 36+08° 237+35¢ 116420
240 3.6£13¢  228+747 149+458 33£07° 223+£3.1° 11119
260 22+14P  135+85F 7.1+53¢ 324082 194+39PD 98+29D
Control 94+18% 492+23%  333+66° 94+1.8% 492+23%  333+66°
120 76+1.0°  422+47% 276+3.1° 8.0+1.8% 450+3.8° 293x37%
140 6.1+08° 38.1+£50" 245+38" 83+£05% 403+53%® 200+48%®
160 54+£08% 349+52% 278+30° 71£06%  384+£33% 267+40%
180 51+08% 2900+60% 2]18+28% 6306 320+62%0 242+3 g
Beech def de d bed de bed
200 47+12%  271+59% [85+54 62+1.0% 290+£42¢ 206+34"
220 44+09%  228+44%  130+30° 50+£07%  252+56%"  16.6+3.6%
240 40+1.0  209+51°¢  11.1+27° 44+1.19  21.1+33¢  125+27¢
260 33067 18.0+3.5° 92+3.0°¢ 3.9+02¢ 194+3.7° 105+3.5¢

Values are mean + SD (n = 9). Different letters within a column indicate significant difference (P < 0.05).
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Fig. 2. MOE and MOR retention ratios of sliced veneers with various heat treatment conditions (Japanese cedar

under air (A) or nitrogen (B); beech under air (C) or nitrogen (D)). Values are mean + SD (n = 11). Bars with

different letters indicate significant difference (P < 0.05).
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Fig. 3. X-ray diffraction patterns of sliced veneers with various heat treatment conditions (Japanese cedar under
air (A) or nitrogen (B); beech under air (C) or nitrogen (D)). Values are mean + SD (» = 11). Bars with different
letters indicate significant difference (P < 0.05).
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