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BERBERI 1/4 £ » RTETREET o Hh »
BREEEER » BRI EZERE (Holding
capacity) » BERERET ; REEE » BaTH
T « B IRZ B R RIRIERS - BiRaE
PRSI R Y RRTI A EAZR G555
 AREDE A A R -

EET LR RB G (Mixture of steam
and air process) FLAIERLTELAROREREZ O
RITEHANE  BRET : MERTERERTE
EHIRBERI60T; » GBI Y 2R .
EERREYE RGeS S IEMEE &
BEZERSHESLETE (8RB 0 1/75

FIETERIRO0% Lk » HEPKIEE B i0IA58 » (B
ARG ZIEMINE | [RIRSSRIERIL B0 B
PASRIG RS o RIBL LSS » RS R BRI i
B AR AR R R R » (6 5hE ARy
BITTS » AR ARBIE SRS o

L BBAREERE o R AH T -
MITES » MOREE > PURER » RESEARL
EZEGTARIRE © itk 2 R EAIE SR
THBEGT o MEMTRH 2 BARELRIE A M (
Mold) » % (Blue stain) » B o fiZlk 2
B BRREM B ER#EE® (Anti-stain

- treatment) 5t > FECHE NSRS R A

& o Rk FRITREET  ARGBART SRS
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ZEBH#PEA (Heavea brasiliensis, Rubber
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Wood) o SEEBEAEE o (RE1H » #R120cmiE
-8 » #3138 » THEHY 36cm o FEENFEM
AFF » LIigsik (Ovendry method) MIFLEK
& (Moisture content) % » BRISSERIGAFS » B
#HKE 3em (E) X16cm () x120cm (&)
o SR o AEES (H) Wh A BlKRFRES :

WRPTFE RPT6HE3IA H2EHE 1

A-1, B-1; A-2, B-2; - BREHE - RS EBAR
Z A, B Tl » #EIHEE (paired test) 2
o 2k ATEAMRMPERER S BEBA
B EEZ S 58 » AR EEZEE (kiln
samples) ; BIESKERA ZMAFTAFEMT
Bl

al az
22 1z
2.5cm 60cm 2.5cm
ot -l - - gl
1. HEES KB EE

Fig 1. Method of cutting Kiln Samples and moisture sections

[Heh 60cm Fz ~ER VBT 0 21, 3, HEK
B3 K (Moisture sections) o & —&RERRK
ERE » RIS EAREBRERZAMRE  DEHER
FEREERE 0.0lgmiEREZ » HEKEZA
o 2t » PR 2 HaETE EBIER - kiR
AIEH » LR (Vernier caliper) KEHRR
£0.05mm¥EERHEZ » I (&) wiRmEREZA
« REBUEKENERF£AREE 0.0lcmie
i B EZ A -

FEEE 2% T RERREERIEER
g (End-coating) » LK@k » Rk
M o B UBFRFBHERZE 0.0lgm (Fr
BRI REE R B6kes) AT HL » SHERMEE

(Calculated ovendry weight) Z ] o R
Bt rh i R B — MRS AR - DR RIS
BB R R, HRIEE0,05mm k2 o Hhill
TERR T LA EA B FERE SR EF » AEEKEZ
&~ SRR o RS S 4RI (Quartersawn
board) - BIFLEBER - HHRKA 5 RETHE

(Plainsawn board) » BIEESKE » B
[ e

REEMERE BT EeXERAFEREE)
sz BHcED » Bl 10342°C ZiBEHEEM (F
) ks FRRHAMZ  (OEKE QHE )
BE » W& GB) wEss » IR Rz e
TEHE s ARRERTEMTRERL -

=2 PO A < B € i A
Teble 1. Characteristics of material used in experiment
B Species A M JURRY B & Lumber  Fimpf R e okl
N H B R B e gme pmge 0 0 R R e
Common Scientific Origin Ave. dia. Grade Grain Ave. Ave. Ave. (Green to 02])
name name of logs Thick- Green SP/GR 9
(cm) ness  MC.  (Wo/Vg)  m & @
(cm) (%) Tangen- Radial
tial
BB % Ave 366 =%LIE RO
Rubber Heavea Chai-Yi Max. 53 No. 3 & Mixed 3.032 73.24 0.561 6.48 3.46
wood brasili- Taiwan Min.21.5 better (0.056) (2.11x@ (0.015) (0.38) (0.2%
ensis
(DEvEE#E10.  Number of specimen: I0pieces.

QIETHRERERMS -
(@) iR P S A HERURE ©
(OISR AE RS o

Plainsawn or quartersawn lumber,
Based on O. D. Wt. and green volume.
Value in parenthesis represents standard error.
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LBfTEEAE (Paired test) o AERMET
B ; BEAHETTREZ -
WEB%% (High-temperature drying)

RAIREERESE (Mixture of steam

and air process) o XEBEEFMOT :

AGERBE 110°C (230°F) » RIREE 82°C
(180°F) -

B BAASEEERS » BRI RETECR R RIS R
o FIRHBETEE 82°C iy EIREE
B iasligsiavEte 82°C ARKERA
Bl R EE110°C

C gzt 87K REEZE 6 28 » 7195
BRI (Epualizing treatment) » ZBR{%
R REIE C200°F) » WIRTRE
79°C(174°C) »

D (R Sk 8 % » LT MEIR
3 (Conditioning treatment) o FjfEs
PIEE ISR ERIREE 88°C (190°F) » {RFRER
J&83°C(181°F) o

@) &E3g (Conventional kiln drying)

BHREKEHE#EE T8-Do» HME2 « K

# 2. 3cm BRAFHRAZ SR TE R E%R-T8-D5
Table 2. Conventional drying schebule
useb fer 3cm Rubber woob

GICEEY:

REGHE  HREE fEakE
Ave. M.C. D.B.T. W.B.T. "EMC

% °C °C %

501 1 54 49 12.1
50 54 47 10.0
40 54 47 8.0
35 54 35 4.7
30 60 32 2.6
25 66 38 2.9
20 71 43 3.2
151 ¢ 82 54 3.3
E.T. 82 67 6.0

C.T. 82 7 11.1

BRBEE—Z K REEREZ ERKERS
6 ZRRhBSEE « EREERE K ERE
%= 8 MBI TAEI R EL
2. e K SR YRR AR
TR BEEREREE  EEEERING
HEITTING o WET ARG » iz —
SR 15cmiEs » TR T ITEkHET kY 2.5
cmEZa 38 ETTH=HRE -
DNE—mlERBEFEEKE (Ave. final
M.C) ;3
() E_sifllEEE (Shell) BLE (Core) &
KEZZERET ;
CR=MIr AR (Prong test) » JER
Fiff{L (Casehardening) Z#E o
3.5 B 7 7 (Examining Drying Defects
)
(Ui (Surface checks) : DIBHRFMEIH

Bz MR HZ
(@Wi#t (End checks) : UG R S BETE
MFR Rz AR HZ -

()4 (Honeycomb) : LARHGRERE B2
ERANBFEZ -

()gEka (Collapse) : LR RIERARIIARE
ZHRREZ LI EZ - ABEZESWT ¢
A (Slight) —RRRAEI0LLT 5
Behff (Medium) —3ifAILEITEI0% LI &

» 202 LT 3
CltE (Severe) —Bifarc bl (207 L) - o

(Gl (Warp) = LAEEHRS S {2 A
(Maximum deflection) FEZ o

(6)z2mE B (Casechardening) : BB UEHAEE
ZERHERm R ZHY o St a R
Afefdfy (Not casehardened) ——HEJET4E

2R EEEFT
Bﬁiﬁiﬁ@{& (Slightly casehardened) —-
Bz L EGE P » BRI ARAEE ;



- - CHEik (Casehardened) —— Fifl22 % +
FIPIE - R EREEAREE
DifE{y (Reverse caséhardened) —§fl
ARl S i sl o
4.3 2 YA as g :
EaREREEHO%0E » FlEE AR ERTH
ez BB EREE ERREERILE » iR
A BRFET R AU § ST R E R R 2R
EARRSKERZE ~ SERREEREHEMA o
S IREE
BRESRERSAH ZBREEEES#
aeib g ASTM D-143 Z#iie » ISifERE
ZAASE R TTINE - FAR AR  EEd (
Static bending) » #FH & # (Impact bend-
ing, Toughness) » i@ 7 (Compression
para lel to grain) » [fE057) (Shear pa-
rallel to grain) FIHE (Brinell hardness
) FHH-
6.5 AL i ;
TR HZ SRR - RESH

HEAPTHE RET6E3 F2BFE 1M

TREIRRILERBA RS - BRME » 7N
SR BEEREERE 200°C(392°F) » ik
BEHE 99°C (210°F) » HMEFHREY 400
FPM» SE2EEhYEsl o aEBEER » FHRMGE »
15~205-GEF AT AERFIRE o A% (Holding
capacity) £120cm (&) X50cm (E) X60

cm (F) o
HREMNB

LRFLHIERAR

PR 2 BUAR A T A A0 » HRIR IR
s UREIREESEHES o HAREHETHEK
BUEGE S DRSKEERSIE F- El%REER
Hittk T-Ess  2RE0.(KEYREAS ;
RN AEERAM S K E TGOS ES RS
AT > TR AE IR 08 » S~ O
B &K BHEBEZ Y @ISy 2R 7E0.01
KA -
& 3 B A2 IR 4 S B 928 % o

EREHENE - WEARERED 1948

¥ 3. ELHILEemZIGEAL R & KA RE RN

Table 3. Paired Comparisons of final moisture content and drying rate for

3em Rubber wood

PETR ) BT R J/SEI UG @ AR E @ (%%EFE%) ;’g}iﬁi% ﬁgfﬁfﬁ} VAR ER @
Sl ; 2 Ik g oo
Treat- Number IEr'lifii‘ll Final M.C. (%) DryingEI Total Total Drying
ments of M.C L *# Ko B OER time power oil rate
sample (%) Average Shell Core Diffe- (Kiln re- consu- consu- (ZM.C./hr.)
rence sidence mption mption
time) (kw.hr.)  (liter)
(hrs)
A 5 73.85 6.8¢ 6.08 7,17 1.15 ' 27.5 194 163.¢ 2.437
(3.06)  (0.78) (0.30) (0.87) (0.58) (0.098)
B 5 72.63 7.53 7.57 807 0.78 99.08 365 299.4 0.657
(3.23) (0.69) (0.42) (0.74) (0.55) ' (0.030)

() A: Fmissis High-temperature,. B: % Conventional kiln drying.
@ 7iF @HR T- {e R SR EMe 2 R 0. 05K fgRERE »

After F- and t-test, differences between treatments are not significant at 0.05 level,
O AR CRUEHE 0 ARBERTEC 0GKEEE

After t-test, difference between A and B is significant at 0.05 level.

W) MG IR o Value in ‘parenthesis represenls siundard error.
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Fig 2. Kiln conditions and drying curve for 3cm Rubber
wood dried by high-temperature
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—— GG High-temperature drying

""""" HiR%E Conventional kiln drying
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7 8 99 100

R (%) TIME (HOURS)
B 4 HERSEEE Som AT BE LR

Fig 4. Comparative drying curve for 3cm Rubber Wood dried

by high- and conventional-temperature,

B IR e

ERRA AT R RS B2
# « ezl (honeycomb) » BB (collapse)
» 534 (checks) » #Afy (warp) » LAREB
(discoloration) & 5% 16 HEBABIRAT R
ScmIB R E » WUz R B EAREN —5
o BEABIREMO)Z TS 5. mm » ¥
AEEABEEL 67mm » HEEZEZRE0.054

WAREE (£4) o MBEZOMBREME

P ERREA REREAL - BEMGCARIE

» IELEH R E RO (pitch) » MBEHERE

DS (split) o MBI s o

EREERLEY (R4 E5) - WEEE

BHELS 1202 WEIREE - YRRERTE
EEE TSR - BEREREHRE 3 ME

B o IR - BB Z R T
HHRERE  FRURNMZAHERE
L4 ES

TRHHREREE » BaKkAEE6 ZK
FoEMBGRERREEZ 1.5 o EERal » &
KT EG ] » TRHELRE 1 2 MR ZE M
R MEAEEREEN - EAREHEI 5
10 T 2 b 2 R 2R DT A IS B 3B IR
(|6, 7) -
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% 4. FRBIREE 3om FREIARD BREEL
'Fable 4. Paired comparisons of drying defects for 3cm Rubber wood

B oo I?I ﬁbﬁ Figragh @ EEEEEYE Number of casehardened samples
umber .
Treat- of Ave. warp & I b L & it #® O b
ment sample (mm) Not lightl Reverse
casehardened casehardened casehardened casehardened
A 5 5.1 2 0 3 0
(L.7)®
B 5 1.7 5 0 0 0
(0.64)

(D A: 5illét - High-temperature drying. B: 3§32 » Conventional kiln drying.
@) BEEERAE: T-HEas » AR BER70. 05K MREE -

After t-test difference between A and B is not significant at 0.05 level.
@) IEHAMEGE#® « Figure in the parenthesis represents standard error.

B 5 HEEHLREER . LH: Wlem: TH R
Fig 5. Result of casehardening test. ‘
Above: dried by hightemperature; Below: dried by conventional-temperature
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i

Tz iR High-temperature drying

g ===-= W50 Conventional kiln drying

-~

£

fpcERE TANGENTIAL SURINE

E:

5 i | ! 1 1
i 20 &9 39
ERE MOISTURE CCNTENT (%
B 6. 3cm #BEARESACTEEMMmEZBER
Fig 6. Relationship between M.C. and tangential shrinkage of 3cm Rubber wood
§ ‘
—— Wik High-temperature drying

4 ===== %EHH Conventional kiln drying

ERELEZ RADIAL SHRINKAGE (%)

] 1 | B | 1 1

H i0 20 30 49 89
%ARE (%) MCISTURE CONTENT (%)

7. Sem FRIROR & A R BRI i 25 2 B R
Fig 7. Relationship between M.C. and radial shrinkage of 3cm Rubber wood
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RECERTAYIR » Bl RERELEENE
B —FH8% o Boone™igHl » FiR R EREG
Bz U BERETR « Calvert® L EZ (White
Spruce) » #3 (White and Red Pine) »
g2 (Eastern Hemlock) » # (Yellow
Birch) » fnightsf (Hard Maple) %EiEhE
R R MR E R TRAR 2GRS BB
s Az MOR RRES % » MBiAE; g2
Z MOR ZFREZ > HREdIGHR 5 HERR
2 AR M o Gerhard® [J3EEME%EHK
(Yellow-poplar) Bt o iy 8 17 5056 2 4% FLE
T SR A B HEE » (HERTER
o Kozlik® LITEEEIR (Douglas Fir) ks

/-#rf
s/l_f

AR REGEIR H2EH 1M

(Western Hemlock) ifiiE#BRE (Tensile
strength ) ETHARZERR  RELEHN 2%
EHRIE

FEE B ORENTELRD R BV EBTR
BZHRET  RRERETEZRE R ERER
WE HRERNEERZBS -

AMRLEMNEEHESZ A0 5 HE S K&
9.067,(E9.86 B2 R TETHHBREREZ
WE o E R SR EI2 R -k o
i o i REA » BERENE FEARE . A2
HUREE 2 EREQ.GREHREE (F5) -
MR (110°C) @ZREHEBAZRBEEE
MAFIHE o

% 5. FREMERRZ BRI i
Table 5. Comparisons of mechanical properties of Rubber wood by treatment
FEEE™ ERl &8 I ®| e A r B i HE QY HE e gl ma e
T N ¢ MC. SP.GR. Statnc bendmg (kg/fcm?®) [ g.% 1 I&ﬁ 1] Bl‘ln(t]?{ll hardness
cat- No. 1.C. P. oINPT - ear mpact cm?)
! spec(i}— 1 fﬂ THERRA essu?n parallel be?ldmg £
ment men (%) (WofVa) B I ﬁ;%rﬁm 71 ¥ parailel to Toug- iﬂ’[@on@gl_@ ’%‘;nm [E]
MOR sil:ress at MOE t‘iam grain %HESS tud%nal surface
elastic 2 2 2y surface
limit (kg/em?)(kg/em?) cm?)
A 12 8.06 0.609 913 478 104176 539 165 0.42 3.30 6.24
(0.014) = (73) (28) (52700 (20 10 (0.04) (0.29) (0.42)
12 817 417 08440 460 152 0.46 3.07 5.6%
(66) (24) (4999 (19 )] (0.04) 0.26) (0.37
B 12 0.86 0.599 979 461 109693 529 141 0.46 3.00 6.00
0.012y 45 27 (5747y  (25) (am (0.03) (0.22) (0.34)
12 902 417 105279 469 133 0.47 2.84 5.53
(42 {26) (8578 (L) ¢)) (0.04) 0.2y (0.3
() EHSTRHERTREEI2LEE -

Variance analysis based on converted moisture content of 12% »

® A: 7HEER » High-temprture drying.
B: @R » Conventional kiln drying.
@) 2 R » ABBZEE 0.05 AHETREY -

After variance analysis, difference between A and B is not significant at 0.05 level.

0 S5 R AR o

Figures in parenthesis represent standard errors.
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High-temperature Drying of 3cm Rubber Wood

Sy-Yung Jai Ming-Chung Lee

Summary

High-temperature drying of wood apears to be a growing trend for reducing
energy consumption in manufacturing most wood products. The objective here was
to investigate the efficiency of high-temperature drying (mixture of steam and air
process) compared with conventional kiln drying, and evaluate the feasibility of
high-temperature drying of 3cm Rubber Wood,

Thirteen Heavea brasiliensis bolts, 120cm in length, ranging in diameter from
21 to 33 cm, cut from two 35-year-old Rubbir trees in middle part of Taiwan, were
used for this study, The bolts were then sawed into 3-by 16cm test boards. During
sawing, each two consecutive boards made up a matched set, one to be dried by
high-temperature (110°C) and the other to be dried by conventinal-temperature
(below 83°C). The average green M.C. of the test boards was 73.24 percent, and the
specific gravity based on ovendry weight and green volume was 0.561. Moisture
content during drying was monitored by the standard sample board method.

Results of this rescarch are shown as follows:

1. 3cm Rubber Wood can be dried at high-temperature of about 110°C (230°F)
without degradation (Table 4.).

2. High-temperature drying can reduce drying time over 72 percent, and saving
energy over 45 percert comparcd to conventional-temperature drying (Table 3.).

3. No statistically significant differences in warp and strength were {ound between
treatments; while the color of the material dried with high-temperature was
slightly darker than those dried with conventional-temperature (Table 4, and
5.

4. The tangential shrinkage of the material dried by high-temperature was higher
than those dried by conventional-temperature; how'v. r, the radial shrinkage of
the former was slightly lower than the latter when the M. C. below 10 percent
(Fig. 6,7).

5 The drying stress (casehardening) in high-temperature dried material is greater
than those in conventional-temperature.

Key words: High-temperature drying, Conventional-temperature drying, Rubber
Wood, Casehardening.



