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ABSTRACT

This study was carried out to find the efficient methods for preventing resin exudation from spruce

board during high temperature environment service.

In the dry-air oven test, in-use temperature related to resin exudation of 110°C could be obtained by
the appropriate kiln drying without any special treatment, and the in-use temperature of the
radio-frequency/vacuum (RF/V)-dried hoards was about 20°C higher than that of the conventional

kiln-dried boards.

In the autoclave test, resin exudation was not found from any board dried in the conventional kiln
and in the RF/V kiln after the low pressure steam explosion (SE) treating, while for the control resin
exudations were more severe in the autoclave test above 130°C than in the dry-air oven test. It,
therefore, would be suggested that resin exudation during high temperature service condition can be
prevented more effectively by super-heated steaming green boards than by high-temperature drying

hoards with low moisture.

Keywords: resin exudation, high temperature environment service, low pressure steam explosion

treating, dry-air oven test, autoclave test, conventional kiln drying, radio-frequency/vacuum drying
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Table 1. Number of boards and initial MCs of specimens for the experiment

Kiln drying

RF/V drying

Treatments

Control SE ™ Control SE M
Na. ofhoard(pes) 23 23 25
Initial MC(%) 340 363 405 373

Note; ¥ Low pressure steam explosion
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Fig. 1. Preparation of specimens for control
and 8BS treatment {(unit; cm).
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‘Pre-vacuum(50 torr, about 3 min.) »
ot B:Pressure(3 atm, 4 bours)
C:Explosion

D:Post-vacuum(100 torr, about 2 hours)

Absolute vapor pressure (atm)

=

Treating time(minute)

Fig. 2. Schematics of the low pressure steam
explosion treating cycle.
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Table 2. Evaluation of resin exudation on board surfaces during the accelerated tests in the air-dry

oven and in the autoclave

Class None

Slight

Moderate Severe

Degree of exudation None

Slight spots

Small tear drops Large tear drops
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Fig. 3. The accelerated testing cycle for resin
exudation from the dried-board sur-
faces in the dry air-oven (A) and in the
autoclave (B).
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Fig. 4. Drying curves for control and SE
treated board during the conventional
kiln drying process.
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Table 3. Final MCs and drying rates of control and SE treated - board during SE treating or RF/V

drying
MC (%) Drying rate (%/h)
Treatments Drying times -
s . 8 e = )
thours) Green  After SE”  Final h‘om green lan}' SE Average
to SE to final
Control 72 405 - 32 - - 052
SE" 72 . 373 349 23 061 0.45 046

Note; ¥ Low pressure steam explosion treating for 4 h.

Table 4. Percentages of boards contaminated by resin exudation during the accelerated test in the
dry-air oven

M(‘eleratmg LWJC Control S10
Step Time/Temperature Kiln drying RF/V drying Kiln drying RE/V drying
[ 24 h/90°C None None None None
I 24 h/10°C None None None None
I 24 h/130°C Slight: 20% None Slight: 20% None
v 24 h/140°C slight: 20% Slight: 40% Sltight: 30% Slight: 30%

Note; 1. ¥ Low pressure steam explosion treating for 4 h.
2. Percentages=(No. of the contaminated boards/No. of tested boards)x100%.
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Table 5. Percentages of boards contaminated by resin exudation during the accelerated test in the

autoclave
Accelerating cycle Control SEY
Step Time/Temperature Kiln drying RF/V drying Kiln drying RE/V drying
1 24 h/90°C None None None None
il 24 h/110°C None None None None

. Moderate: 10%
(O N . 0, T
I 24 h/130°C Slight: 10% Severe: 10% . None None

. : Moderate: 30%
400 ) 0, o
v 12 h/140°C Slight: 10% Severe: 10% None None

Slight: 20% Moderate: 20%

v 20 h/140°C Severe: 10% Severe: 20%

None None

Note; 1. * Low pressure steam explosion treating for 4 h.
2. Percentages=(No. of the contaminated boards/No. of tested boards)x100%.
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Table 6. Checks and warpage of boards dried in the conventional kiln and the RF/V kiln

End check

Surface check Warpage (mm)

Treatment Drying Avg, total Defected Avgrotal Defected
length board length board Cup  Bow Crook
{cm) (pcs) (cm) (pcs)
Kiln 0 0 264 5 0 0 0
Control
RF/V 0 0 0 0 0 0 0
; Kiln 0 0 217 4 0 0 0
SEY
RF/V 0 0 0 0 0 0 0
Note; 1. ¥ Low pressure steam explosion treating for 4 h.
F fRbrebed whe A o] B A ALR-Fol oh st} A el AR HA kol FrldzAzh Wb of
AgE RQolv) Wit & Al HA @& AR 40% A& D2AGE A 4 A
TehEv} 4. dr1dzel A FAEAE AHE71E A
dAlzte] HrAEgEE 2 Aol7h glent, A
4.4 B SEEEEESa NV E S BER R RE
Aoh wlaato] A e Aoz vpEhtew, ol
o} e Fael 7|lste] AdFvIENMY= 7
9 x L= o] n)sEal yhE.
AGSAFAAAT T4 20 mme] WAL A2 Aparas wAaA e del 7jog
AURAE iz By asdREas § v

S gAY BRY 2ueded 22} gEste 54
ME ARE 2AblY 92 488 vE gk

1. XAV B el g A Ae dridzst
o]ftolxlrt o AAlebz] ghriehk
110°Ce FAAE hd e A8 & de deR
golsgl o, niaFaze] & FA4E <t
Mol drldzRet o 20°C Hk 1 Atk

2. MAZEA AN AYEFNF A e Ae] B
- Ar)AzAG R B FA7E A
& AEEA o2 gbel, y-lelAe) 76‘*‘?* FESy
ol ghAgle] 130“(‘ 0] g ] 2 ol
rHEel Art 7 7 -

4 A}- ~:’

L]F%‘

>
e

it
-y
3

= L’rUrUr

- A AR e &

3. sl gAze] 4%
k 397k 225 72

AbgE Z27)gpgoll M of 2~

N

- 17

ek,

zAe Hy A Hel $AR
%01 el whAgshx) gokern, o
AR e gho] wig- wlalAl WAl

A5, AUEATAAA A BE A A
AL I8 AKC] A I el
EREEES
SN

1. Avramidis S, F. Liu, and B. | Neilson. 1994
Radio- frequency/vacuum drying of softwoods:
drying of thick western red cedar with constant
electrode voltage. Forest Products Journal 44(1):
41~47.

2 Forest Products Laboratory. 1991 Dry kiln oper-
ator's manual. USDA Agriculture Handbook 188
pp. 164,

. Hayashi, K. et al. 1995, Improvement of dry-
ability of wood and its distribution by local

T



ojgd ¥ - vwtg] & - Chengyuan Li- 2

steam explosion. J. of the Society of Materials

Science 44(498). 279~ 283,

4. Jamroz, W. 1995. How to select the most effi-

cient moisture sorting strategy. Proceedings of

Drying pacific Northwest Species for Quality

Markets, Bellevue, Washington, USA: 81~84.

. Kanagawa, Y. 1989. Resin distribution in lumber
dried by vacuum drying combined with radio-
frequency. Proceedings of TUFRO Wood Drying
Conference, Seattle, USA: 158 ~164.

. Kanagawa et al. 1992. Improvement of dryability
by local steam explosion for Japanese cedar.
Proceedings of 3rd IUFRO International Wood
Drying Conference, Vienna, Austria: 269~ 276.

. Lee, N. H. and K. Hayashi. 2000. Effect of end-
covering and low pressure steam explosion treat-
ment on drying rate and checking during radio-
frequency/vacuum drying of Japanese cedar log

10.

cross section. Forest Products J. S(2): 73~78.
Lee, N. H. and J. Y. Luo. 2002 Effect of steam
explosion treatments on drying rates and mois-
ture distributions during radio-frequency/vacuum
drying of farch pillar combined with a longi-
tudinal kerf. Journal of Wood Science 48: 270~
276.

ot} %, K Hayashi. 1997. 2+ d9e) §344 52
& A AYFEAAY &3 FIEAFHA
25(3). 37 ~42.

otE . 1998 AskFvIEZ A o YT
FaAe] nERRFdeyd MM e A H2):
55~03.

1L (BB ARIEE - KL > 2- 1990, HRE M st

12

A18 —

DRI B ERHERETHD: 138~140.
454 51997, Ay PEEUTSE FAAe Ay

A AEAR B4 2 Awe s R 25(4) 51~60.





