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Kiln Schedule for Preventing Brown-stain
in Rubber Wood

Sy-yung Jai, Chin-yin Hwang, and Ju-chen Hsiung
[Summary |

Brown-stain in rubberwood (Hevea brasiliensis) lumber during kiln drying is
a fairly common problem, particularly under high temperature drying. The ob-
jective of this study was to develop a kiln schedule for producing the normal
whitish yellow colour of rubberwood. Three kiln schedules were used for this
study : and the drying conditions were :

A ¢ initial low temperature and low humidity (DBT =40°C,WBD =5°C), max.

temperature =71°C ;

B : initial low temperature and low humidity, max. temperature =82°C »

C : initial medium temperature and low humidity (DBT =54°C,WBD =6°C),

max. temperature =82°C.

The sizes of the test board were 3 and Sem{T) X12em(W) X 120cm(L). After
kiln drying, the test boards were compared primarily for color parameters and
color dif ferences based on CIE LAB specifications. Besides, the drying effi-
ciency was also investigated.

From this study we have concluded :

1. A kiln schedule that provides initial lower temperature and lower humidity
(DBT <40°C, WBD >5°C) and the max. temperature not over than 82°C
can prevent the occurrence of brown-stain in the shell of rubberwood lum-
ber ; however, a moderately brown-stain still appears in core.
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2. A initial medium temperature and lower humidity (DBT >54°C, WBD >5°C)

and max. temperature not over than 82°C kiln schedule is suscepitable to

incur moderate brown-stain in the shell and core of rubberwood lumber,

The degree of hrown-stain is not affected by the thickness of the test

boards which dried under same kiln conditions.

The initial medium temperature and lower humidity kiln schedule reduces

quite a lot of drying time and cnergy consumplion, as compared with the

initial lower temperature and lower humidity oncs.

- We recommand that further tests be conducted to find out the best combi-
nation of temperature and humidity for preventing brown-stain both in
the shell and core of rubberwood lumber.
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Table 1. Characteristics of material used in eperiment,
R =8 B K = b 2 0 E gt
Species N Lumber B KT HE  Ave Ovendry Shrinkage
#34 £ 4 FOEE o on o g ﬁ@ B pveGreen Ave. ® @ B @
Common  Scientific  Origin  Ave, Dia, (“; j Thicx:ess . C. Sp/Gr. Tangential Radial
Name Name {em) rade  Grain (em) (%)  (Wo/Vg) (%) (%)
3.115 7213 0.559 5.89 285
BEA  Hee BBEE Ave 50 =FELE (0035)  (213)  (0.004) (0.14)  (0.10)
rubber Chai-yi Max. 440 No.3 and

wood  brasiliensis Taiwan Min. 200 poyyer

Mixed 5.007 84.90

(0.051)  (1.68)

(DFEFB A2 » Number of specimen is 12.

(2IEFBITEREBIRME - Plainsawn or quartersawn lumber.
3V Uges B RS 4: ST R S o Based on O.D. wt. and green volume.
{AIER BB 1EMEER - Values in parentheses represent standard errors.
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Table 2. Kiln schedules used for 3em and Scm rubberwood.

% # A ® # B E=3 # c
F oy OER BR ®x% FN O£X% BF @#X T HE EX BER BR F &
xR BE ZE SF & BE =ZHE BE S4B BF =F BE aki
Ave.M.C. DBT. WB.D. W.BT. EMC DBT WBD. WBT EMC DBT WBD WBT EMGC
(%) [§el] [§w} 4] (%) (0 (c) (c) (%) ) (o o] (%)
SOME 40 5 35 1.9 40 5 ES 1.9 54 6 48 12.1
50 40 8 32 94 40 8 @ 04 54 8 I 10.0
40 43 1 a2 77 43 il 32 7.7 54 i3l a 80
ES 5l 18 S 66 P 13 35 65 54 19 35 a7
30 54 19 3 49 54 19 35 43 60 28 32 26
25 6 22 38 44 60 2 8 4t 66 28 38 29
20 85 27 38 29 7 28 43 34 7 28 43 32
‘YT 7 28 4 3.1 82 2 54 3.1 a 2 54 33
IIERE L= sas sbx~ AL# > AC* » AH# ~ R AE#f#(
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Table 3. Color Parameters of 3cm and 6cm rubberwood lumber under accelerated air-drying.

= 5 vy @ CIE LAB e
Material X y Lo a« b
(5) ] (&f6)
A3C-S 0.364 0.364 81.43 291 2359 b
(0.002) (0.001) (0.73) (0.42) (0.56)
B3C-§ 0.369 0.386 79.23 402 24.45 ab
(0.001) (0.001) (0.54) (0.31) (0.42)
c3c-§ 0,369 0.368 80.19 3.08 25.36 a
{0.001) (0.001) {0.40) (0.24) {0.37)
] [E] )
A5G-S - - -
85C-§ 0.369 0.366 79.37 377 24.67
(0.001) {0.001) (0.43) (0.22) (0.54)
C5C-$ 0.365 0.362 77.88 3.85 22.85
(0.001) (0.001) 0.59) (0.24) 0.51)
(5) (5) (s}
A3C-C 0.362 0.361 79.48 285 2198
(0.002) (0.001) (0.75) {0.28) {0.48)
B3C-C 0.367 0.363 7692 4.05 2297
{0.002) (0.001) {0.64) (0,43} (0.54)
cac-c 0366 . 0,365 78.67 3.32 23.55
(0.002) (0.001) (0.72) {0.88) {0.47)
] 5] (6
A5C-C - - - -
85C-C 0.370 0.362 7503 541 22,87
(0.001) (0.001) {0.56) (0.32) (0.25)
C56-C 0.368 0.362 75.72 475 2240
(0.001) (0.001) (0.45) (0.24) (0.39)

(Uxy BEEEEEE ) Ly car » b-RCIE LABZ A58 8 - L-1HFHAF » A~ - B-1BAME -

x.y indicates chromaticity coordinate: L= ~ ax » brare color parameters of CIE LAB system,
L+ indicates |Ightnss, a* and b« represent chromaticities.

(2)A3C, B3C, C3CRASC, B5C, C5CA 58T R M M B ARH fE 3om REcmilE REH » SRCIERBRB R
& 5 BAE%& 512 » A3C, B3C, C3C and ASC, B5C, C5C indicates 3cm and Scm rubberwood lumber under
the same accelerated air-drying treatment corresponding to those of the different kiln-dried
materials, S and C refers to the shell and core of the test boards. Number of specimen is 12.

BHEHRBEREXM.- Values in parentheses represent standard errors.

(WEFSVRER » AEMERE05KHEEE -

According to variance analysis, differences among treatments are signigicant at 0.05 level.

(58 AR » BB B0 05 K TR »

According to variance analysis, differences among treatments are not signigicant at 0.05 level.
G FHEREEHRTES  RTEHTARS BB EENTHER « ZRECSKETEE

Comparable means followed by the same letter and not significantly different at 0.05 level

according to Duncan’s new multiple range test.
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Table 4. Comparisons of color between shell and core of 3cm and 5cm rubberwood after

accelerated air-drying.

S xy 4 CIE LAB &
Material

X y L a b«

(6) (6) (5)

A3C-8 0.364 0.364 81.43 291 23.59
(0.002) (0.001) (0.73) (0.42) (0.56)

A3C-C 0.362 0.361 79.46 286 2198
(0.002) (0.01) {0.75} (0.28) (0.48)

(5) {6) (6}

B3C-5 0.369 0.366 79.29 4.02 24.45
(0.001) (0.001) (0.54) (0.31) (0.42)

B3C-C 0.367 0.363 76.92 4.05 22.97
(0.002) (0.001) (0.64) (0.43) {0.54)

(6) (6) (4)

C3C-8 0.3689 0.368 80.19 3.08 25.36
(0.001) (0.001) (0.40) {0.24) (0.37)

C3C-C 0.366 0.365 78.67 3.32 23.55
{0.002) (0.001) (0.72) {0.98) (0.47}

() (4) )

B5C-38 0.369 0.366 79.37 3.77 2467
(0.001) (0.001) 0.49) (0.22) (0.54)

B5C-C 0.370 0.362 75.03 5.41 22.87
(0.001) (0.001) (0.56) {0.32) (0.26)

{5) ) (6)

B5C-8 0.365 0.362 77.88 3.85 22.85
0.001) {0.001) (0.59) (0.24) (0.51)

Cs8C-C 0.388 0.382 75.72 4.75 22.40
(0.001) (0.001) {0.45) (0.24) (0.39)

(1)~(3)R1%3 < Same as Table 3.
(OB AAASER + BRI 2 RTR0 OUARERTE -

According to variance analysis, differences among treatments are highly significant at 0.01 level.

BB AHAER R R0 05 B -

According to variance analysis, differences among treatments are significant at 0.05 level,

(CERFTHIRER » BRIRRIE R0 05K RERE ©

According to variance analysis. differences among treatments are not significant at 0.05 level.
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Table 5. Comparisons of color between 3cm and Scm rubberwood lumber after accelerated air-drying.

P xy & CIE LAB &®
Material
X ¥ L a b+
5) i6) (5)
3c-s 0.369 0.366 70.74 355 2480
(0.001) (0.001) (0.35) (0.22) (0.30)
50-8 0.367 0.364 78.62 3.81 23.76
(©.001) (0.001) .41 (0.16) (0.41)
(4) (5) (6)
ac-¢ 0367 0.364 77.80 369 23.26
(0.001) (0.001) (0.51) (0.54) {0.36}
5c-C 0.369 0.362 75.37 508 2264
(0.001) (0.001) (0.37) (0.21) (0.24)

(1)~ (3)R%3 « Same as Table 3.

(28C, 5C fHE3emRScmZ IR EA » SRCAERBRFRLE | AEBBER2A
3C, 5C indicates 3cm and 5cm rubberwood under accelerated air-drying treatment,
S and C refer to shell and core of the test boards. Number of specimen is 24.

(4)~(6)FI%=4 - Same as Table 4.

2. IR R

MEME  EREHEIEEIA B - RCEE
T AR PR RYERIEIR(DBT =40°C »
WRBD =5°C) » BESIRBEEST1°C i BEEHE L WAk
FHERER » RREERSC ; CERZIH
{et 2 i {838 (DBT =54°C » WBD=6°C) » &
HRETRRS2C - KR TEBRIZEEN =
EEE R A—EREG RS SRR E  7RE
BRERFRBARZER -

(17~ E S 3em B Sem S BAR R E s
CHBEMRCR » 7 omEREAT | FEE
FEZREBE(Lw) + $BE 7 2 TS RZ RAE0.01 k¥
BEE - BN EREREE - DAI-S(AEYE) g8
BYA » B3-S (BEH) Kz + C3-S(CHM B o

anfE L 2R » BT HTRERAE0.05 K HTHE »
BREIEHE  MCI-SEX  BEBRLGR A
» A3-S /N 0 fBA3-S B3-S » DIRB3-SH
C3-S 7 2 RAF0.05 KRR » bu i MR
0.05 K HTETE o B ARG HEHABI L » ax
bufl FRISREBRAEEREY LS« as > bl
TEER R 2B T - RRWT  AEER
AREEEE (AL#) Z 2 RIE0.01 K HEEE - ALIA3-S
HB3-SHA » C3-SKZ « BEE(ACH ZHR
72005 AR HERFEE o EFHE (AH») ZEH70.01
AUEFRRE » WIAC3-SEBEK » BIERRESAZ
RIS © A3-SEEB3-SE/) - BREEE(AE)

= 0 TRACI-SBEK » REIC3-S B ZBE
LEE » A3-SEIB3-SENR o Ml L -
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T IRRETRCEM GBI 2 5 -

HEMLE » THESHERcm B SemiRBA
B REFRZ B ELCERE (C3-S RC5-S gLl
YRR ARBREBEEN - 2E 2 » SRIIHIR
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T BB A ER2°C 2 SR N » B R hiE
{848 (DBT >54°C » WBD > 5°C) KIS BT FER
HHB0°CE » RN L R SR Bk R B i
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Table 6. Effect ot kiln schedules on brown stain in the shell of 3cm and Scm rubberwood lumber.

— xy & CIE LAB f&® —
Treatment y L a be Al ACH AH~ AE-
@) (5) © @) ] 2] @
TA3-S 0388 0365 798 asb 2389 -215a 040 1406 391D
(0.002)  (0.001)  (087)  (0.50) (0.55)  (081)  (050) (025)  (050)
B3-S 0378 0367 7682 263ab 2483 -247Ta 049 085b  302b
(0001)  (0001)  (083)  (0.32) (0.40)  (0.48)  (030)  (0.18)  (0.42)
C3-s 0376 0378 7387 5202 2504 -632b 006 223a  69a
(0001} (0.001)  (061)  (0.36) (027) (056  (037)  (031)  (0.53)
() (6) (6) {6) 5 6) (6}
AS-S 0372 0366 76.98a 489 24,68 - - - -
(0.001) (0.001) (0.54) (0.19) (0.38)
B5-S 0376 0369 7531b 487 2560  -4.05 1.11 1.10 472
(0.001)  (0.001)  (0:60)  (0.30) (035 (©72)  (044)  (021) (070
Cs-S 0377 0369  73.08 5.47 2522 —4.79 2.64 1.3 588
(0.001)  (0.001)  (0:36)  (0.23) (043)  (0.68)  (043) (023)  (068)

(U, y HEBEER > Lr »a- b RCIE LABZBHSE » LIEUHE - av » beIBQE  AL-BIREE » ACHENMESE »

AH-BEEE - AEfRREM -

X,y indicates chromaticity coordinate: L+ - &+ ~ b+ are color parameters of CIE LAB system, L+
indicates lightness, a+ and b+ represeni chromaticities. AL», AC«, AH+, and AE+ represents
lightness, chroma, hue and color difference, respectively.
(2)A, B, CATETRISEMY  SREFFBIL(cm) + SBRBHE : RRRERI2 -
A, B and C indicaie different kiln schedules, 3 and 5 represent thickness (cm) of the test
boards: S refers to the shell of the test boards. Number of specimen is 12.
(IEHAMBUESFHR - Values in parentheses represent standard errors.

(BT RHER » KB R0, 01 A B «

According to variance analysis, differences among treatments are highly significant at 0.01 level.

(BERGAVER » EERIERIE0 05 UEHE -

According to variance analysis, differences among treatments are significiant at 0.05 level,

(BEBTITEER - EEHERA0 05 TS -

According to variance analysis, differences among treatments are not significant at 0.05 level.
(THERTERRTES - SRERE RS S BN FEIERER » EREH0.05RETES -

Comparabfe means followed by the same letter are not significantly different at 0.05 level according

to Duncan’s new multiple range test.
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Q= TFRERMcm K Sem BSBEALE HERE0.05 KM TEEE o ILRHRW - THE
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Table 6, Effect of kiln schedules on the core brown stain of 3cm and Scm rubberwood lumber

- xy CIE LAB %7 p——
Treatment X v Le a b AL ACH AH- AE-
(s} ) ) (s @ (5) (5)
A3-C 0.368 0.361 74.97 5.068 22.09 —4.49 051 a 2.16 514
(0.002) (0.001)  (1.00) (0.35) (0.39) 0.71) (0.35) {0.28) (0.74)
B3-C 0.389 0339  72.88 531 2292  -404 017 a 1.41 457
’ (0.002) (0.005)  (0.56) (0.28) (0.29) (0.48) (0.31) (0.31) (0.47)
c3-c 0.370 0363  73.83 4.70 2246  -484 -105b 207 6.04
(0.001)  (0.001) (0.82) (0.30) (0.23)  (0.60) (0.47) (0.72) (0.88)
) (5) (5) {5) (] (3] (5)
A5~C 0.369 0.362 7424 a 497 22.40 - - - -
(0.001) (0.001) {0.71) 0.23) (0.33)
B5-C 0.374 0.364 7182b 5.69 22,84 -3.22 0.02 0.82 3.68
(0.001) (0.001)  (0.50) (0.18) (0.34) (0.49) (0.34) (0.56) (0.41)
C5-C 0.371 0.363 7257 ab 5.58 22.64 —3.15 0.41 1.07 ar2
{0.001) (0.001) (0.63) (0.27) (0.23) (0.49) (0.38) {0.18) (0.44)

{1)FI3%6 - Same as Table 6.
(2)A. B, CHETRI RS E  IRFAMEEE(cm) | CREMLE | RBHEHI2 -
A, B and C indicate different kiin schedules, 3 and 5 represent thickness {cm) of the test boards:
C refers to the core of the test boards. Number of specimen is 12.
(3)[F5%6 » Same as Table 6.
(A5 SATEER » IR RTE0.05 kMBI,
According to varience analysis, differences among treatments are significant at 0.05 level.
(BERATHHTHER » BLEBMSE R A0.05 kTS BIH «
According to variance analysis, differences among treatments are not signiticant at 0.05 level.
(OFF e EREGHERSES - RFENE RSB ENEHR « 2 RE0.05RETEY -
Comparable means followed by the same letter are not significantly different at 0.05 level according
to Duncan’s new multiple range test.
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(KRR EEE TRBAR  LEZ
TR T LB 0 TE3em EAEE A (R8) 1 A
LK DE(AI-S > A3-C)ERBACHHA
E«BTHTE0.0S KA EN » HREHEIF G2
BRI (0.01 7 i) BRNAF (0.057K#E) ZRER ;
T B0 B2 PR IRSE + & BFIRRIT - IRELC TR
ZARRERSRERE cBRBR LEBI-S

BB - A - B2 PSR BN SRR e

» B3-C) Zf[2ax + AC» + BRAH=TE0.05 KHER
BES  ER AP ERBEEREECER

BoRGEBZAFBERERE - HCER I F L
J#(C3-S » C3-C) = EFbs 7E0.01 KA HE - 8
FRBREOGELEERASLENS  HHEH
ZERTE 0.05KEETERE » FRIZEEFRER
LB SRR R RTEER -

®6. F-EREHom ERBARMRCEIREZ LEY

Table 8. Comparisons of brown-stain between shell and core of 3cm rubberwood lumber under same drying condition,

- xy ¥ CIE LAB &7 P

Treatment v L. as b Ale ACH AHS AE~
) (5) (5) &) (8 (5) 6)

A3-5 0.368 0.365 79.28 3.52 23.89 -2.15 0.40 1.40 ) 3.91
0.002)  {0.001) (0.87) (0.50) (0.55) (0.81) (0.50) (0.25) (0.50)

A3-C 0.368 0.361 74.97 5.06 22.09 —4.49 0.51 2.18 5.14
(0.002)  (0.001) (1.00) (0.35) (0.39) (0.71) (0.35) (0.23) (0.74)

@ (6) (8 ) (6) 6 (5)

B3-S 0.373 0.367 76.82 483 24.83 -2.47 0.49 0.86 3.02
(0.001) {0.001) (0.63) (0.32) (0.40} (0.48) (0.30) {0.16) (0.42)

B3-C 0.389 0.338 72.88 5.31 2292 ~4.04 017 141 457
0.002)  (0.005) (0.56) (0.28) (0.29) (0.48) (0.31) (0.31) (0.47)

6) 6) @ ) (6) 6 (6

C3~-8 0.376 0.368 73.87 5.29 25.04 -6.32 0.08 223 6.93
(0.001) (0.001) (0.61) (0.38) (0.27) (0.56) (0.37) (0.31) (0.53)

Cc3-C 0.370 0.383 73.83 4.70 2246 -4.84 -1.05 207 6.04
(0.001) (0.001) (0.82) (0.30) {0.23) (0.60) (0.47) (0.72) (0.68}

(1) (3)~(6)]5%6 = Same as Table 6.

(24, B, CHIETRIRIEE  SREFEEE(cm) ; SHCAHBIEBRLEF ; HBBESI2-

A, B, and C indicate different kiln schedules, 3 represents thickness {(cm) of the test boards: 8 and C

refer to the shell and core of the test boards respectively. Number of specimen is 12.
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ESem HRB AT (RY) : AR R LR
(A5-5 » AS-C)ZR : L+ B+ TL0.01 K BEFEH -
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* AE=TE0.05 A MEE » HEEERTRRBZ Mg
REEE - T EEZIREK  {25Le » ax > AL»
P BAHERSEEE » H& - LEREEEY
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B BT BERT RS © TTA - BRI R
BRLLEFERE - 282 - GREEZEE
¥ AR RBEAERSEEG -

9. R—REEIBomERBARRME L BIRE <

Table 9. Comparisons of brown-stain between shell and core of ficm rubberwood lumber under same drying condition.

3) (3X7)
o xy @ CIE LAB ™7 A
t t AE
Treatmen y L a- be AL ACe A *
4) 6) 4) 6) 6} {5) 6)
A5-S 0.372 0.365 76.93 4.89 24.68 -5.69 219 2.32 6.79
{0.001} {0.001) {0.54) (0.19) (0.38) (0.98) {0.64) (0.37) (1.09)
A5-C 0.369 0.362 74.24 4.97 22.40 —4.93 0.98 1.32 5.80
(0.001) (0.001) ©.71) (0.23) (0.33) (0.86) (0.83) {0.23) (0.82)
(4) 5 4) ) ®) 6 6)
B5-5S 0.376 0.369 75.31 4.87 25.60 -4.05 1.1 1.10 4.72
{0.001) (0.001) (0.60) (0.30) {0.35) {0.72) (0.44) (0.21) (0.70)
B5-C 0.374 0.364 71.82 £.69 22.84 -3.22 0.02 0.82 3.68
(0.001) (0.001) {0.50) (0.18) (0.34) (0.49) (0.34) {0.56) (0.41)
©6) 6) 4) {6) @ (3] {5)
C5~-8 0.377 0.369 73.08 5.47 25.22 -4.79 2.64 1.38 5.88
{0.001) (0.001) (0.56) (0.23) {0.43) {0.68) {0.43) (0.23) (0.68)
C5-C 0.371 0.363 72.57 5.56 22.64 —-3.15 0.4 1.07 3.72
(0O0T)  (0.001)  (063) (027  (023)  (0.49)  (0.38)  (018)  (0.44)

(1) * (3)~(6)FI5%6 - Same as Table 6.

(2A, B, CATETIRIZEHERAT | SHAABEE (om) ; SHCHRBNRBELE 5 SEES12 -
A, B, and C indicate different kiln schedules, 5 represents thickness (cm) of the test boards; S and C
refer to the shell and core of the test boards respectively, Number of specimen is 12.
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Table 10. Comparisons of the sheil brown stain between 3cm and 5cm rubberwood lumber

under same drying condition.

= e xry  fgo CIE LAB fi®
Treatment X ¥ L- ax be
[C3] 4) (5)
A3-8 0.388 0.365 78.28 8.52 23.89
(0.002) (0.001) (0.87) 0.50) {0.55)
A5-§ 0.372 0.365 76.93 4.8% 24.68
(0.001) (0.001) 0.54) 0.19) (0.38)
(5) (5) (5)
B3-S 0.378 0.376 76.82 463 24.83
(0.001) (0.001) (0.63) (0.32) (0.40)
B5-S 0.376 0.369 75.31 487 25.60
(0.001) {0.001) (0.60) (0.30) {0.35}
(5) (5) (5)
C3-8 0.376 0.368 73.87 5.28 26,04
(0.001) {0.001) {0.81) (0.36) {0.27)
C5-8 0.977 0.359 73.08 547 25.22
{0.001) (0.001) (0.56} (0.23) {0.43)

(LR35 3 = Same as Table 3.

(2)A, B, CHSTRISIENE  SRERFBEE(cm) © SHHEXRE ; RBHEH2 -
A, B, and C indicate different kiln schedules, 3 and 5 represent thickness {cm) of the test boards;

§ refers to the shell of the test boards, Number of specimen is 12.
(INEMABAER B » Values in parentheses represent atandard errors.

(BA SRR - B2 RAE0 067 BB »

According to variance analysis, differences between treatments are significant at 0.05 level.

(SMBTT AR » JEMZ A0 05 ETERE ©

According to variance analysis, differences between ireatments are not significant at 0.05 level.
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Table 11. Comparisons of the core brown stain betwean 3cm and Scm rubberwood lumber

under same drying condition.

BoOE? Xy & CIE LAB (=8
Treatment X y L~ a» b
{4) @ @
A3-C 0.368 0.361 7497 5.06 22.08
{0.002) (0.001) (1.00} (0.35) (0.39)
A5-C 0.369 0.362 74.24 4.97 22.40
(0.001) (0.001) (0.71) (0.23) (0.33)
@) @ @
B3-C 0.389 0.339 72.88 5.31 22.92
{0.002} (0.005) {0.56) (0.28) (0.29}
B5-C 0.374 0.364 71.82 5.69 22.84
{0.001) (0.001) {0.50) (0.18) (0.34)
(@ 4) (4)
c3-C 0.370 0.263 73.83 4.70 22.46
{0.001) {0.001) (0.82) (0.30) {0.23)
C5-C 0.371 0.363 72.57 5.56 264
{0.001) {0.001) (0.63) (0.27) {0.23)

(DRI 3 - Same as Table 3.

(2, B, CARTRREHER ; IRSHHEMAE (cm) ; SBHBRE : RBYSR12 -
A, B, and C indicate different kiln schedules, 3 and 5 represent thickness {cm) of the
test boards; S refers to the shell of the test boards. Number of specimen is 12,
(=B {E S 2% - Values in parentheses represent atandard errors.

(4MRF7 s HTE R » PRI FE0. 05 AR »

According to variance analysis, dif ferences between treatments are not significant at 0.05

level.

[ e

1 IR R IRIATE

& 3cm $25em EUSBARGM Z SRR LR
TEISRE AR - ARIFRBRI2 - 13RE] 2
o fE3em BEMAE | FREZRIGRBESA
BB SR » BRE0.0SAHIGTEE -
AR~ EIRIER— FA S KRB TR
RER—REENE - BEEBREAZ SKE

¥4 BF ERBMER » ZRE0.0SKIERE
» EIREIMCHBRM 2 IERE » ARBEE
Btk o BRRERIAB IR » ABRC EIEE -
ERZRRER DAREERS  BEEXZ » CE
BRE  REREFER R R 8% - Sl =
BAF0.05KHEEEE » B EHBER - ICEE
BIR - ABIBRY 5 CELERECA BB 2 HEME SR 43 Bl
H311166.4 96 52 33.3 9 (F12) °



- 86 -

&7 MOISTURE CONTENT (%)

#74dE MOISTURE CONTENT (%)

100

80

70

60

50

40

100

30

80

70

60

50

40

30

20

EERE -~ WEY - AR —FE IR et SeR A

O A3 Y=0.0027X%0.8168X+68.8393
R?~0.9643

+:B3  Y-0.0036X%09779X+68.7483
R2-0.9578

©1C3 Y-0.0098%%1,5881X+72.7294
R%-0.9391

BB DRYING TIME (HR.)

Bl1. FREEIcmERBARR M LR
Fig. 1. Drying curves of 3cm rubberwood by treatment.

Ot A5 ¥Y=0.0008X%0.4662X+75.8962
R2-0.9701

+:BS  Y-0.0008X20.4977X+§3.2938
R2-0.9601

Y=0.0022X2-0.7653X+75.6097
R2-0.9602

o 40 80 120 160 200 240 280
MR DRYING TIME (HR.)

B2. FREEScmBEEBARA IR
Fig. 2. Drying curves of 5cm rubberwood by treatment.
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Table 12. Comparisons of energy consumption and drying rate for 3cm rubber wood by treatment.
(213%4) @Ex i2034)
R & B #% & &K % Final M. C. HEMRREl  RRRE Rt .
g8 BEE (39) (EmE) B on @ B e
# # Drying time Total Total Drying
Treat-  Number  initial T ¥ # B [V BT ) {Kiln power oil rate
ment of M. C. s Difference residence consump- consump-
sample (%) Average  Shell Core (Shell &  time} tion tion M. © %
Core) (hrs.) (kwh) (liter) 7hr)
A3 4 72,10 9.38 863 1242 3.49 1225 232 203 0.5128
(1318 (131)A  (085)A  (231)A  (1.46)A (0.017)
B3 4 70.57 7.38 7.03 8.29 127 99 218 190 0.6398
(284)AB  (0.35)3  (0.18)B  (0.49)B  (0.33)B 10.030}
c3 4 7378 875 8.18 10.52 2.33 76.25 238 10 0.852A
(6.20)A  (0.72)AB  (054)AB (1.20)AB (0.86)AB (0.077)

(UA, B, RC,SHERESRRA—A : PIMIRRAE=40C » BREK=5T  RBBE=T1C B : WMHEHKRE =207
RHEFE=5C RHRE=82T o C: MMEREE =547 » BREE=6T : HHEE=82C * 3RHEMFE (cm) o
A, B, and C indicate different kiln schedules respestively—A : Initial DBT=40C, WBD=5C ; Max. DBT=71C.
B:Initial DBT =40C. WBD=5;: Max. DBT=82T. C : Initial DBT=>541C, WBD =67C; Max. DBT=82T. 3 means
thickness {(cm) of the test boards.
QMEFMBERIRTER
Values in parentheses represent standard errors.
QUBHAVER » HEBHL ZREVSHETHE -
After analysis of variance, differences batween treatments are not significant at 0.05 levsl.
WERBLETRRNTES  FRFERNBEE - REMRN A AR EEL ZRE0 5K ETEE -
Standard errors followed by the same letter represent the uniformity of M. C. between treatments are not significant
at 0.05 level, after F-test,
G 9EREHHRFRE » TR E RS BRI E ST R E RE0.067K RTEEE -
Comparable means foliowed by the same letter are not significantly different at 0.05 level according to Duncan’s

new multiple range test.

1ESem R HH ¢ & RIBRIGZ SRR
BITAHRER  ERE 0.0 KUEHE » BIENE
R BRI (g RIERE 0 AHCHER
Z o HERBE BB EKELRFESERREE KX
B igale - BEH SR ENRER - ZR
TE0.05 KHELGTRERRE o WLATERAR » TRIEEERR

B BRI DU ER—AKT » EREHRRE
HREERIGEE R em BRAMER - LARBERERS
» BRZ » CBA - EEREREHAINMERER
0054 - FiSETEREREE - MCERER
P BEERE » ARERE - CRERARBYE
PRI BIEING.8 96 8002.3 % (FK13) ©
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Table 12. Comparisons of energy consumption and drying rate for 3cm rubber wood by treatment.

(2)axa) (2X3)4} (2)3)4)
] B # &% &k & FinaM.C. TIRESE B amR -
B REE e (%) e B o owm R ORe
# 3 Drying time Total Total Drying
Treat-  Mumber  Initial T xR L B (% o (Kiln power oil rate
ment of M. C. Difference residence consump- consump-
sample (96} Average  Shell Core (Shell &  time) tion tion (M. C. 3¢
Core) (hrs.) (kwh) (liter} /hr)
A5 4 83.398 863 7.93 10.12 218 272 551 225 0.275C
(2.46) (0.69) (0.89) (1.19) (0.76) {0.010}
BS 4 90.40A 923 7.94 13.08 5.15 24 524 260 0.3378
(2.07) (1.29) (0.54) (2.63) 2.11) (0.008)
cs 4 80.92B 861 7.60 11.68 407 175.5 869 150 0.412A
(1.60) (1.24) (0.75) (2.56) (1.67) {0.012}

(1A, B, RC AR —A  MIERIBE=10C » WREZE=5T ) RBWE=71C - 8 : MWEKBH =1407C »
RHREE=5C: BHBE=021 - C: MR BE =547 » FH2L=6T FHBE=82C - SHAHER (cm) »
A, B, and C indicates different kiln schedules respactively—A : Initial DBT=40"C, WBD=5T i Max. DBT=71TC.
B:Initial DBT=240C, WBD=57: Max. DBT=82. C : Initial DBT =547, WBD =6C: Max. DBT=82T. § means

thickness (cm) of the test boards.
@i~GIR2.

Same as Table 12,

AN SRRty
» PICERHE 2 i TE A i A BB ERE o

2. BRI Z R

FEBTIESRERARHTAkEEC MR
+ BRI » B AR R (B3 - 4
5 RK6) « T TH3emEdSem B EiH » &

BrAISREEFZ B - BUCER KA HBH %
o LR AERERCA - BEREERME
FEFE R AR R E M (permanent tension set) 2
RS AR AR B ER AR AR » (2T
TN R R -
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& C3 Y=0.0009X70.1255K+4.0765
R2-0.9483

20 40 60 BO
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B3 FREREcmBEBRIEM S KERBRIHELRE
Fig. 3. Relationship between M. C. and radial shrinkage by

treatment for 3cm rubberwood.
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+:B3  Y-0.0009%%0.1141X+3.9043
R2=0.7783

OiC3 Y=0.0002X2-0.1698X +5.0643
R%=0.9692

[El4.

. 4. Relationship between M. C. and tangential shrinkage by

Fig

.} ) 20 40 60 80
&7k# MOISTURE CONTENT (%6)
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treatment for 3cm rubberwood.
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WIAMHEE RADIAL SHRINKAGE (36)
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Fig. 5. Relationship between M. C. and radial shrinkage by
treatment for Scm rubberwood.
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8. FEREScnERBARSE kR R B
Fig. 6. Relationship between M. C. and tangential shrinkage by
treatment for Sem rubberwood.
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