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Development of Deresining and High-Quality Color
Changing Technology for Domestic Timber
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□ 연구개발 목표 및 내용
1. 목표
과열증기 및 열처리 장치를 개발하고, 수지를 제거하는 기술과 주요 국산 침․활엽수재의 재색을 자외선에 대해 안정하고 균일한 색상을 나타내도록 변화시키는기술을 개발
2. 내용
1) 과열증기 및 열처리 장치 개발 : 내부 온도 350℃까지 20분 이내 가열이 가능하고 수증기 발생장치의 압력은 최고 5기압까지 높일 수 있고, 가압이 가능한장치를 개발
2) 수지제거 기술 개발 : 국산 침엽수의 수지를 제거하면서도 목재가 탄화되지않도록 적정 조건을 조사
3) 고품질 재색변화 기술 개발 : 과열증기와 열처리를 이용하여 국산재가 균일한 재색을 갖도록 함
4) 처리효과 조사 : 표층과 내층의 잔류 수지량, 색차계를 이용한 표층과 내층의 재색 등을 측정․비교. 표층과 내층의 재색, 심재와 변재의 재색을 측정․비교
5) 처리재의 물리적 성질 조사 : 표면경도, 치수안정성, 내부 잔류응력 등을 조사
6) 자외선에 대한 재색 안정성조사 : 야외폭로실험 후 목재 표면의 재색 변화를측정하여 안정성을 조사

□ 연구결과
1. 과열증기 및 열처리 장치 개발 : 과열증기 열처리 장치는 수지제거와 색상변화에 유용함
2. 수지제거 기술 개발 : 열처리 전에 증기처리나 냉동처리를 실시하는 것이 좋은 수지제거효과를 나타냈으며 두 방법 중 증기처리 효과가 더 컸음. 두께 20mm 이하의 얇은 판재를 150℃이상에서 2시간 열처리 하거나 6시간 증기처리하여 좋
은 수지제거효과를 얻음. 처리방법과 온도보다 처리시간의 영향이 큼
3. 수지제거를 위한 섬유방향 비투과율 조사 : 열기건조, MW진공건조, 고온건조시편의 평균 비투과율은 비교적 높았으며 천연건조는 매우 낮았으나 용매 추출후 천연건조시편만 증가하고 나머지는 감소함. 비투과율과 수지구 수는 상관관계
가 없음
4. 건조방법에 따른 재색 : 낙엽송은 건조방법에 따라 명차가 크지 않으나 소나무와 잣나무는 천연건조와 열기건조가 고온건조와 증기건조보다 밝았음. 85일간 야외폭로된 소나무와 낙엽송의 명도는 천연건조와 열기건조가 고온건조와 증기건
조보다 여전히 높았으나 잣나무는 건조방법간 차이가 없음
5. 220℃열처리재의 재색 : 10시간 처리 후에 소나무, 잣나무, 낙엽송, 자작나무가뚜렷한 색차를 나타냄. 모든 수종의 표면경도는 처리시간 2시간과 12시간이 비슷한 값을 나타내고 그 사이는 증가
6. 열처리 색상변화 기술의 적용 : 소나무, 낙엽송, 아까시나무 원판을 160℃, 41.5시간과 190℃, 40시간 열처리하여 고품질의 짙은 색상 원판을 얻음. 재면이 오염된 목재를 열처리하여 깨끗하고 균일한 재색을 얻음. 소나무, 잣나무, 낙엽송
열처리를 이용하여 고품질의 몰딩재와 루바재를 생산함

□ 연구성과 활용실적 및 계획
1. 과열증기 및 열처리 장치의 제작 및 운용 기술의 특허 출원 및 기술이전
2. 고품질 재색변화 기술의 특허 출원 및 기술이전
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SUMMARY

A heat treatment chamber was developed to use for deresinning domestic
softwoods and for discoloring domestic species in order to improve their
quality, stability to UV and color uniformity.

Followings are the results derived from this study.

<Development of superheated steam and heat treatment chamber>
1) It has been proved that the superheated steam and heat treatment chamber
developed in this study is very useful for deresinning and discoloring

wood.

<Deresinning technology>

1) Heat treatments at 100C and 200°C were both effective for deresinning
larch boards dried in a conventional kiln. Heat treatment at 100C for
5hours was more effective than that at 200°C for lhour.

2) Presteaming and prefreezing improve deresinning. The former is more
effective that the latter.

3) The average residual content of 30mm thick boards was higher that of
20mm thick boards. It implies that the thickness of boards influences
deresinning.

4) For the boards not thicker than 20mm heat treatment at 150C for 2
hours or steaming for 6 hours result in good deresinning.

5) Treatment time was found to be the major influencing factor on
deresinning rather than other factors such as treatment method and

temperature.

<Investigation on longitudinal permeability for deresinning>
1) It has been revealed that the newly developed apparatus for measuring
liquid permeability is simple and useful.

2) During a measurement the liquid permeability steeply decreases with time,



which attribute to the blockage of air bobbles in resin canals.

3) The average specific permeabilities of specimens treated by conventional
kiln, microwave vacuum and high temperature drying were relatively
higher than that by air drying. After solution extractions, however, only
the specific permeability of air dried specimens was increased while those
of the others decreased.

4) There was no correlation between specific permeability and the number of

resin canals.

<Color changes with drying methods>

1) For Japanese and Korean pines the conventional kiln dried boards were
lighter than the hight temperature and steamed ones, while for larch no
difference between the treatments.

2) After 85 day weathering for Japanese pine and larch the air dried and
conventional kiln dried boards were lighter than high temperature dired
and steamed ones. For Korean pine there was no difference between the

treatments.

<Color of 220T heat treatment wood>

1) For Japanese and Korean pines, larch and birch their colors were distinctly
different from the controls after 10 hour heat treatment.

2) At the condition of 20C and 95% RH the EMC differences between the
heat treated and controls were 9.8, 6.5, 6.1 and 5.4% for birch, Japanese
pine, larch and Korean pine, respectively.

3) The surface hardnesses of all species show a similar pattern, lowest at 2
and 12 hours, and highest at 8 hours.

4) The differences in lightness between treatment times significantly

decreased after 42 day weathering

<Products of heat treated domestic softwoods>

1) Wood discs of 3cm thickness and 20-30cm diameter were heat treated at



160C for 41.5 hours and at 190C for 40 hours, resulting in high quality
and uniformly dark color.

2) Heat treatment technology can be applied to stained wood, making its
surface clean and uniform.

3) Using heat treatment technology high quality mouldings and louvers were

produced from low quality domestic softwoods.

<Suggestions>

The superheated steam and heat treatment chamber developed in this
study has been proved to be a useful tool for deresinning and changing wood
color. The prototype chamber is not large enough for a industrial purpose. A
large scale plant have to be built for mass production and many more tests

are required to find the best process for many domestic and imported species.
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A3E AR g W

Ha37) @ Axg FH A

W3R 2% 350C7HA 208 ol Fhde] sbwstelol sha 5:%7) WP o

gEe HAw 5719w & glolok @ik ailgh, ng aewm AT F ol
2 5

slo] AAHZHAE Folol 32 Z chambery 1t X Fof X

Aol EAste F4= o8 7HA 83e JF S = terpen, lignan,
stilbene, flavonoid 5 WA & &3 wax, fat, fatty acid, steroid, L&}
3t E ol £8E ] k. 200-250T oM 7t FAE FASE AR
et AY ol HAl e FHETh old AEHZE HW A9 W55
QAL oA witol 71A 7t Al FAE oA FA Huh, LA
7haet7] wjizol EA ©@3hrF dojdth

uepA] FAE AASGHEA L EA7F gelE ] FrE sk o] Fasith &
APA = o] BAS Aal O AYFHARBA == dxA), @ Ag2reet F
@ A A7k, @ chamber W &2 (7} == 749D, & chamber W &7] 45
ojrtstera ), ® WA T A4 x0s Feth

2 =
by o H =
2 Age] A8 £ES TN FGFE 2ubE, b, 271H

o 3
FAHE PR beechAl = FAZ7] Al Aotk oA TR Tal M =
2 g FHow A7 Fo Jon, FAZs|e AAH
AAUTE DG s e AN e gAAZ AT 5 e

Mo =
re
-4
N
)
i
e,

TAA Aol st E AR, gESo] AR Wol AFEEH =T #Fe Ao
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2 AddAe dd5719 dAYE ol&dte] kA7 O AL
s TLF AME e E star @ A - WA AN A7F HolA A QaEd
Ao Wstste] agA AR AHEE ¢ ALE b AT EFS
AGFa 23 A grlEn, 2ER28 AU wels dHawloly 94
OFZFA -9 Ap AP Lt o] T

2 AYeA FaxetE 44 20 FAAA A AR O
A (dAE] e FA42), @ A= F%, @ A2, @ chamber W
o= (7S E=x 2D, ® chamber Yl 3719 Folth

4. AYgan =4}
FAAA g3E #AS] d& O 25334 HF HF FAF @ 74
7HEd @ MAAE o] &% et
%74 - vagt
IR AR = R A B
3

ARk WA AN @ ARk A
A

=3
ol
&
=
ol
1o,
2

x
®
N
N

HdS7 5o Al e A =l o] ofEA MI=AE
ZARR a1e] wEE HAle AEe FaAo] el olg g Wt
HE ol WA= o] FAAJNA SHHAAE Fopoprt A hA T
= givh wEbM Ae] A Foll A=, ek, g9 s, A,
WHZFSE o ARG
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A4d AxE AFNE =2xe &
o
+owlie QA7 g 0 0
(1) AgFgAel AA L AZ (AAEF A2
chamber W3 72 1500x500x500 mm®, o] <% 350C,
Hd 8 3714 #FEF7] 2 EAHE AAE A=
(2) AAex=dgx Ax 2L AHA
chamber W & - X thermometer® 74| 3}
et = Hd=x719} 3EHE AEox x4, PCE o] &3t
13 dx j%ﬁﬂﬂ A7) %,
(20029) | o oq @) HA SEASEE U SEEE AL
A M w ) w2 gzl B

1) =¥ 14 AHgzd 49
FATE e A AARE Agetel Aelewst S,
2] 2] A1 7k, chamber W 43, chamber W 7],
Q5o 24 208 24k
. e (2) Aglay =4
:]E % 2= : = 3 =] = T = = =
| R A aste wge) g9 m3a Wzel 2A,
= = NA 7FEA, AAAS ol &8 HEF YZo AA,
L g
3) AYAe &84 A A
FAAA A7 BAe B2y Ao oW JgFS
v x| =715 ZAL
1) =¥ 14 AHgzd 749
g9 BA4E AFEsto A, A,
A # A ZF chamber W 43, chamber W 7] % 5
AR AL 2
(2) ofo]E=2 A9
. At e AlES "HEF ol 7] = EAA
34 d| TEE | AANEE 24 AAE ol ato] Al 54
(004 | ANES T g =y
TV @) Se 5ot 24
AgRs GvhE B A ARAAE ol 8T 5

4) Ao &4 48 =4}
QAW A b Zae] ez A oW oS
n 2] =742 2AL

gzl A, ek WA A, AFd YA S v
[e]
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[e]

1
A
o

o
4

9 dPgATF Ao E FA7 BE w29o] 2UY-(Pinus resinosa)s
Ag 250C @A FAolA 308 A= 7Dt FAE AAS =
ATt (=949 A9 Dr. Molen?} ti8h). = Fool A= Eo
21415 o] Q)= Masson's pine?] FAE AAS7] 93 AF7F HE FH D

9ltt (Guoxing et. al., 2001).

of Hajel] RAZF7IE o] AAE WSA7] AL FASIAIT] =
=2 AEe B2 JAAdE Bokth fFHolA ol AAEE beechs A A%
|

=7] g dte] WAL oHtEty FLd3 HYARE ke 2 sl

o)

& o]
wol] d4H AT (Ledig and Seyfarth, 2001). & o}7FA UF <

<719 A 2] (hydrothermal treatment)™= A& T U3tA 3Far 2] Aol o gt

& 7AiM Az Fo AAlstd WA stE A48 Stk (Tolvaj et
al., 2001). oF7RAI 2] Wi7I9F SV A el 95-98TC el A 4% o] el A,
120-130°Cell M= 2A13kol¥l A €7} 7hsshthal @i sitt,
s drteiastd FEE0 AAHL, udERe =7t e
AEw o=l gade] Wyo] dojupe=d], dAgel g SN Ast=
o=

FAYErR dAP2EE rAESEo=

P
o:
o:
g

30C°] At o= o AZIY (Garrote et al., 1999).
9oy, g2 =29 AAE Tt}

Aol Frretgl e, Aol AojHrta wmsgich



(Tejada et al., 1997). =gl o Ao AAIE= AAdH T} =2
g Aol A A9 F iy Z718k 9t (Bhuivan et al.,, 2000).

E Aol o8 HA F548 A8 HAstd 100%RH 53
100CTAE AAA FH5A0] B = olefdt Ao 93 F54 i
AEw Q=90 AAstol] o3 Aolgpr| Rty v ZAGE Ao 315 st
71e1sttar &£ 4 2t} (Obataya et al., 2000).

AA o] g AMEst= o] 7hA| Ao FEgS e Aow dEFh
beech(Fagus sylvatica L.) ¢} silver birch(Betula pendula Roth.)¢] 7%
AzE%, FA, AUsE o2 A das9th (Stenudd, 2001). =
AXx2E7l 56555, FATS, 283 571 5655 22 A4S

[e]

w o]lg) g AMH3E F3E birch?} beech® tl ZAth £ & =o]=

ol

t} (Fengel and Wegener, 1989).

29 o] spruce(Picea abies Karst.)®} Scots pine(Pinus sylvestris L.)&
ofg] 2rolA Axg A3, &k gAML =W Hdo] lgo] we iy
(Tarvainen et al., 2001). HA]2] AAMHs= 70Co| oA AP AL
g S ANt g & A vla) ARk Aol Eag SR 7
dito]l ¥ ol HEHJAR FEEST AW =] JadA=
&k tt. #AA Y (Betula pendula)®t scots pine (Pinus sylestris)e] €& &=
A2k A gtel B5 Jeigtow Axrt SARG ST o ol
oloyit} (Zaman et al, 2000). & A% WAlo] we o] heh=d),
A7 Az vl&f 1A %3 birchd] #WS & AS Ho] |F3 239
A A =z}o] 7} A At (Mottonen and Luostarinen, 2001).

A st= o) Eg e Aol =, Huy WA Az e
AANE AL AREE § oY 2ok f oA At AAWStE
ZAE A UY e R E A FARE Ao sty e R v $-
Zoy vre FrolA= Aol Atk (Mitsui et al., 2001).

oj o] FA A AL AMWste] Hze FFo wet 2w A Azl
A%, 57, s, s7Al o5 T Akl we g3 =

e Wi 9% £Ee 2AL T £F0 A8 5 glonw s
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FEo uhE AT7h o Fol Aok Fk.
B oATsl gt @ AT RN E LAY Az A4S 4 FA

Az duetel ZASAT (2, 2001). REAZT HA7l dnds Az
BARG Ao A vEon dgulelans Axd BAe Aol 74
A Wste e e BAe] el del @ AANE BAes] 9@ ATE
T3] gtk (4, 2002). FEAt LELHEielEE At B U)o R
Aeld BAE GBS FAQ5 Aol A ve) ATt Al

woATelA] Agsag s FAAAL RED ARG &S A elH] Gol

97 wze] Arkel Fa A5 A E a%a%rﬂ ol gol glom A Hlgol
HE BRI R 4ES WE 5 oAt BE $EF7] 2L DA A

2A7F ol Aels] We] Aeful o] BAlsbAN AAsE M &L 10%
o) 2 04]&%15}.

o] 71%Ee] Aedsht ou MAFeA 1 dE % % Utk beech?
FA57) A wAsE Jeolr FhdE wo] Aol 9t AR E
AR BhEA el 2 AT ARz AEATE JEe] A7 - ARE T U

A7 AAR Q5L el o8 A I AFE =
S e B8 EAAE el ShETE 40, A, A
Al FuAR 29 & ek ave] AF4A AEAR S5} 998

AT A2e §Et eE 5 o
DEQ AR L2 A2H ZAE A 8A 2 Aol 7E Aol A w,
8z

Aol A3 AT el AMNE B 5 or, nF FAFA
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A a7l 2 A2 A

LogA1e] AA 8 AlA (A A A=)

B chamber 722 1360x550x550 mm°®, H} 11 =

71ske] HEH AAsin. tEd HE-E7lE

control panel& Atz o A= chamber &F5-o X5 o] )t}

ALE A Y & - FEE 5o 243 F dE AXE wWED PC
= o] &3le] AFUE HEE ARFHoH Ad/ES B EAES gostn
R3S T}
Super heated-
steam generator Lontrol panel
00 [
B | (00O
T Vent
Radiator Dry bulkx -Wet budb
] L !
Fan H I !
' — —
Chamber . é:
Drainages
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d
HlE Al 24708 6704 A e, S, WeA ] 3o R Eeksl

oo AEE #arl A WA 4 A, Alol=, 259 A9EE 55 54
aHSAtt.

Z71A 2= 100C autoclavedl]| A 5] 533}0312“1 WYeAe= -35T
dlA 24A7F A& Ak st B F oAl 4 A S 259 A
SRS S5

A7 B A2 7 a5EE 28 FE dFnE £d2 A4 200C
furnace °lA 1A17F Qb A gfskslal, WA 470 Al 100C 2EM 5
A F A E PEsith Azt 2t AEES A A4 FH 255

.
AGEEE S43gr rpIBoE BE A/t Bd B QB4 %

Rs

B

0

obef web Zrh FVIAEREG WYEALdd o8] o Wo] T Aoz Holu
WA oaiA= AlAe] Fgo] BME FUFeA gskey FrIH e o3|
M 3 gol 10%01d S7tetslh. 28402 F71A4 ey ‘@%‘M HE 25
I AEERE STV ek FAAA a7 Ao & o

1L S714 8¢ WsAged 93 259 dgdEE Ws)

e A Ae 5
B
7t EFAA ]t R
=714 4737.0 126.5 4853.0 159.7
W5 A 4344.9 157.3 4603.0 308.1

2) A9 53
100CE A 2l ¢k furnace@ A 2] AlH o] dx2] A5 23 ALHE= ofy &
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b 2oh @A AF BE FVIAYY] 259 AEEHET 7P EsdTh ol o
ol M Ar g mie} o] F7IAEIE FAAACN EI 5 HERAT

S71A ek FAeE Hashd dxe ARy Fo Zolrk ¥ dAF Alw
B webs FrIA e o3 2EadgsE SUtRG A o7 St
H aga & 5 v FAAA LR ojst e AR o= 5 vk

% 2 AA2 Ade) DA 57

100C € A & furnaced = €]
2] W
A2 A8 ¥ R PR
T3 g 4707.9+266.4 4984.9+250.7 4502.8£328.8 4751.4+173.2

<7124 4858.3+142.7 | 5136.5+179.0 | 48425+257.1 | 4942.7+241.9

YsA 4603.4£377.8 | 4961.0+236.5 | 4602.3+2154 | 4817.9+244.2

WEA furnace@ A8 Bt} 100CE A g o L3 da%
Bol F7tstaAt 1%— B 200C=2 250 g2 AZHAIRY 4
ARG 100TCelA 71 AZHGEAIZE EA st Aol FA A o
FdAolgta G & Uth
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BE 9o chamber W 37|15 =

1+ 1503 220C 9 F+ =% FFolA,

2,
£
=
re
i1t
)
=2

S

S 93 FABA A 20x20%2mm” Z7] 9] AAL wo] AAFAS
AN, dEF-wlA 201 £l Jo] 50CE 10417t 7HEstdh A FF0]

i AL 60T 2ol dAste] dAFAE A & FAFF A
q

150C2 A e FAFe ofe) meb 2. Az Agkel w S AA
He ARE Bolht, e FAWA Al B %ol £AE T YL
A AAEIHE ke obd a9 o] A yie] £ASo] EHOR §%
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o} Yepstt,

F 3.150C gxg AlHe A %

— — —
EMAZ* T aa s iji(; AA 00
150-2 3.00 1.22 59
150-4 2.76 0.66 76
150-6 1.44 0.25 82

a9 5 FAV fEE BEe

S

150C sk 20Tl A AAe § FABAL AR ofe woh 7o),
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¥ 4. 150TC e} 220TCoA A2t FA|FA 2 2|2 v

A x4 ) ) ]
A ;- gk A A dAe F
Ak
Lx 73.54 77.14
150-2 ax 4.80 3.78
b 24.16 21.45
Lx 71.14 74.63
150-4 ax 5.23 4.61
b 23.69 21.43
Lx 71.45 69.78
150-6 ax 5.46 6.66
b 24.44 23.12
L+ 76.59 62.22
220-2 a 4.00 7.64
b 20.51 22.90
L+ 76.76 50.08
220-4 a 4.37 9.57
b 20.64 2161
L+ 75.93 48.45
220-6 ar 4.25 9.59
b 20.38 20.52

i) Ao w2 Lxo] s}

150Ce] A5, 2A 23 4AI7he] Laghe dx ] dAroh F7pek vhd 6413k
AHE AR FAsATh S A o] of Ttk ¢k 220C = 150CeE & 2
A ZHRE] Legho]l Zhastdom 4k 6A17H Lxo] A7 A w5zt
vHER T

i) A 2] Al Zkell w2 axzke] W3}

150Ce A5, A Alztel] whal axzhe Lxzkd Awrd) A4S e gl
oh 2A1 7 AN RS ZEAd kA 6AI7ES FUbskSlTh @9 220TColAME BE
A A A axghel F7bskal Atk 2A1ZFRTE AN A & FIHE ROl Rt
ANZET 6AIES AL 2 F7HAE Rolal

iii )2 2] A Zkell whE brgke] W3}
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1508 A9, brghe BE AelAgeld Zistdth deu 3 ga%e A
2 A 7ko] Aol A% FolEth WHlR 20T A, & AL AN brgt
of Frketglth. 2l AelAtke] AolA4E FrhEo] Folmo] GATHAE
ZEE ST

Aol Aol Al vhehtA ekgkrh Ewe] AAe] A

® 5 20CAAY FABAL] W A4 W

A A = 7 0 5]
=X Z Lx* % H*
=7 (mm) ° :
1 45.65 11.33 20.85
20.69
2 37.36 9.8 15.85
185 1 49.05 10.34 21.58
' 2 38.73 9.66 16.89
1 47.88 104 21.18
17.24 ! 047
2 39.47 9.69 17.1
1 4794 9.86 20.81
15.07
2 39.05 9.64 17.38
1 46.41 10.17 20.52
13.34
2 38.88 957 17
1 46.77 9.98 20.29
11.12
2 38.59 9.82 17.11
4. A=
150CeF 220C €A ol 93] €2 FAAA 2945 45 & AAJT AAA
= F 2EFTFAAM BT uE5d vk A3E Ad o} 150ToAE 647
oo 71 A Zk2k 647k
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O Before treatment
After treatement
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80.0
60.0
40.0 -
20.0 B
0.0 - o
L* b* a* A E
W 150-2 77.1 21.5 3.8 4.6
O7150-4 74.6 21.4 4.6 4.2
m|7150-6 69.8 23.1 6.7 2.4
O
W 220-2 62.2 22.9 7.6 15.0
0220-4 50.1 21.6 9.6 27.2
0220-6 48.4 20.5 9.6 28.0

29 11 20mm 71 AR A A

30mm T AlHe] EFAGES HaskA Tt axs bz W ApolE YERA
gokot Lxot AEE Aelex, A Algte] wret zte]lE veRWTh L
220C7F @A A vgken AER 200CW 293 xpo]= vebwith whaha
A sl AP 220Col A AAsteleol 3 Bloz A7bEc

80.0

60.0

40.0

20.0 +

0.0
0 L* a* b* A E
m7150-6 63.8 6.9 20.1 2.0
o7150-12 62.2 8.1 20.7 10.1
W220-4 47.4 8.4 19.0 30.3
220-6 46.4 8.8 19.5 34.8
mSteaming-24 67.7 6.8 17.9 1.5
mSteaming-48 64.8 6.9 19.1 1.9

2% 12, 30mm A A A A
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JE R T SR A o 2 wAstta gl 9ot (Hillis, 1987; Temnerud et
=4 Scots pine A Aol FXA

=
ARRE A3} A 2bo]l B2 Alo] A2 Anu WRENRTE F2 Ao

FAGE EA 7HA 9} TtEA S Wojmey] wie] Yol hA 1
S A3t AA Aol wgl b F = Vo] Qs

Temnerud®} 0ja(1998)= Computerized Tomography (CT)%} 3pAEAH &
Abg3le]l AEY]ES JEEY o) Ridoutt 5(1999) 95 witgled yERd
FA LA ] Froke] BUAE W

FAAAE A ATE 299 dPdATdAE FA B2 =290
22U (Pinus resinosa)s 3715 A 250C DA 2 FA oA 30 A=
7tEste] A& AAS= 7lES MEE e (Dr. Molen, 2001), & =ollA &
A dFem Ao A= Masson's pine®] T4 AAs7] g A7
353 v}t (Guoxing et. al., 2001).
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19 13, Ultrasonic velocities of the larch specimens before and after
steaming and freezing treatments
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Fig. 14. Ultrasonic velocities of the larch specimens after heat treatments at
100 and 200C
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a9 17. Plot of ultrasonic velocity vs. resin content for the larch
specimens before pretreatments
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29971028 d9F BA dollE FAF AN 5 U= ABH9
Y-S 27 98 GG BAste] FAAY B B A&

Y

(1) #FINAzE G895 BA FAAANE 100Ce 200 AT ZF &
A7k dhen 100T 5412 A2 7F 200C 1A A2t o 29471 %
=3

(2) A8 Adol TNHEY YEAYE AAseE Aol FAYRTY % FXA
AzHs depgoh ¥ B9 F S71AE 297 o Zidh

B) FATFFFN 259 dEEre] AAE A AFd 24 ek 4
A2 A FA} FAR EAT g Fo A, dH g ofF nstEHAS o
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A58 A B SUIAY HA4Y JFRaAe H AW

3}

.4 2

ArEAbde] ndw A FHo HAxde FolEil o AvFES
oAAds] nwsE Fetal A7) witel] W e BAE nFdststr] %
WaFow A7 JaHa vk 2d A AA FAFE ok AT A
FAAAL} A - g ANEE A B IS £3 dn 53 HAGSF
ko]l gl FEQl Azt ubr] ol S A 1998 o] F-of Wi s = AT
o] oleh AHFE FEoth

299 ddAF LA E A7 B =29 o] AUF(Pinus resinosa)E
S71E Al 250C A FA A 307 Ax 7HEste] FAE A AGE
7145 Mttt (Moren, 2001). = F3o A= ol Aol & Masson's
pine®] FAE A A3 g AF7F HE T JTh (Guoxing et. al.,
2001).

o AF7E 2o AME WA 7L AT =
& AT B2 J1dE Bokv A Bo] AitHE vy e
AT D57 Agete] WS oWt ddd QNS s dre
AL oju] wo] dHHT} (Ledig and Seyfarth, 2001).
o W FEEe] AAHL, JudERe =T FaEa
AEw ez gade] Wyo] dojuped], dA el g ZAANEs=
o2 FAHEZ dAHY2EE JuAdERLE
ol 150-230Ceo] Az Aoz oJAAY (Garrote et al., 1999).
A3EE AAdHRY =2 5 FHdA A F
Wiy S7FskdthE Ra7F ek (Bhuiyan et al., 2000).

Tarvainen %5(2001)& =24¢|o] ~FF2(Picea abies Karst.)%?} Scots
pine(Pinus sylvestris L)S o8 2ol 7zt x9F o] W o
A5 WAl AW st= 70TCo] el AAstar Agol HAjgh =) ¢
AW st= o2 A vlE] M-S WY AFUF(Betula pendula)®t Scots

pine (Pinus sylestris)?] E&3lT M2 A At BF Jggukgrory
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AA7F 28 Y S 4a7F 0 ol dojwrhar I xsksith (Zaman et al.,
2000). £ Az WAl wel 2ol yEtl =, Azl vla e
Az e] S F2 e Ho] fF3 59 AAAe] 7 A A (Mottonen
and Luostarinen, 2001).
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AbgsE Y FRAE dAgo] 2070 olstel AR FE o] tiEelgta o
Atk A= FA 20mmet 30mme] F 7HAE ARE ST T 20mm A =
FAAALES ANAsEAS b4 AAsd e, T/ 30mm FHA =
FAAAL] FrHAE AFESA T T 20mm #HAE Z 100mm, A ]
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7 |
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19 25. Apparatus set-up for measuring longitudinal liquid permeability
of a specimen: A, a digital balance; B, distilled water; C, a specimen; D,
a specimen holder; E, a reservoir; F, a Bourdon vacuum gauge; G,
silica gel; H, a vacuum pump; V, a valve.
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29 27. Longitudinal specific permeabilities of Korean pine specimens treated
with steaming and four different drying methods decrease with time.
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19 29. Axial resin canal filled with resin in an air dried Korean
pine specimen (AD).
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19 30. Longitudinal specific permeabilities of Korean pine specimens
treated by steaming and four different drying methods, measured before
and after alcohol and aceton extraction.
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1. Introduction

The mechanism on paths of fluid flowing through wood plays a critical
role in a lot of wood processing deals with fluid impregnation or extraction
such as wood preservative treatment, fire retardant treatment, dimensional
stabilization, wood dyeing and wood drying.

In Korean, the largest volume of Korea pine trees are harvested every
year, however, it is somewhat difficult to preserve kiln-dried pines due to the
blockage of liquid flow path caused by extractive, aspirated pits and resin. It
has been known that the liquid permeability varies depending on drying
methods and pre- or post— treatments could improve it. Booker(1991)
described drying caused flow paths for liquid movement to open up along the
radial and axial resin canals. Booker(1994) study the effect of air-, kiln-, and
high-temperature drying on the radial permeability of radiata pine and found
that for both heartwood and sapwood the permeability increased as the
severity of drying increased. Terziev(2002), Terziev and Daniel(2002)'found the
industrial progressive and conventional batch kiln drying procedures used had
only minor effects on the microstructure of Scots pine wood, but the high
temperature kiln drying can partly damage the apertures of some bordered
pits, provoke nano and micro checks in the warty and S; layer of cell walls,
and probably facilitates the penetration of liquids. Iida and Iida et al.(1992,
1995, 1996, 2002) proposed a precompression treatment method for applying a
large deformation perpendicular to the grain before liquid impregnation of a
wood sample to accelerate wood permeability with a small decrease in the
mechanical properties of the treated wood. Therefore, understanding the
mechanism of drying methods on liquid permeability of plantation grown
Koreapine is the key project to make the high quality solid wood products
from them through various chemical impregnation treatment. In the past,
wood scientists tried hardto explain the fluid paths in wood by various

indirect observation and analysis of wood structure based on some
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assumptions(Flynn, 1995; Olsson et al.., 2001).

However, these assumptions need laboratory test support. Recently Dr.
Ikuho Iida designed a new system that mainly consistso f a reflecting optic
microscope and a CKD color camera. This was an effective method to
dynamically observe the behavior of liquid penetration in wood(Kawai et al.,
2001). Meanwhile, capillary rising method was used to measure permeability
in wood by some studies(lida et al, 2001, Matsumura and Booker, 1998).
Scanning electron microscopy (SEM) has been used in investigation to cell
wall and aspirated pit characteristics(lida et al., 2001), Furthermore, study the
liquid flow path by it(Olsson, 2001).

The objectives of the present study were to investigate the flow path, and
the roles of different wood cell played when the fluids are transported in
wood. Determine the maximum liquid uptake among the specimens treated by
various drying methods. Observe the changes of the microstructure
characteristic of wood in order to interpret the phenomena of liquid

penetration path in wood in detail.

2. Experiments

2.1 Dynamic observation experiments

2.1.1 Material

Earlywood and latewood specimen (3mm(R)*x4mm(T)x30 mm (L)) of Korea
pine heartwoods were selected for the dynamic observation experiments. The
specimens cut from the boards treated by five different drying methods:
(Dsuperheated steam drying, boards were steamed at a condition of 100—and
100% relative humidity for 36 hours (4days x Yhours/day) in a heat treatment
chamber; @air drying, boards were exposed to atmosphere under shed for
three months; @Qkiln drying, boards were dried at 65.5 — DB and 545 —
WB for 91 hours, followed by 82 — DB and 54.5 — WB for 97 hours;
@microwave/vacuum drying, boards were dried at the average temperature of
97 —for 268 hours; ®high temperature drying, boards were dried at 120
—DB and 70 —»WB for 60 hours.
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2.1.2 Experimental condition

The degree of vacuum is 50KPa.

2.1.3 Equipment

Include dynamic observation system and vacuum system. The former
compose of an reflecting optic microscope, a 3-CKD color camera,a video tape
recorder, a video printer and a monitor; The latter compose of a vacuum
pump, two vacuum control valves, a digital vacuum gauge and a dyeing

solution buffer bottle.

2.1.4 Method

Specimen preparation: Dthe Korea pine heartwood samples with dimension
about 20mm(R)*x4mm(T)*30 mm(L) were cut by the circle sawing; @one of
the tangential surfaces (TxL plane) was cut by microtome carefully as the
observation surface, make sure the tangential section was smooth and
paralleled to the growth ring, the cutting surface for all the samples was
located in the earlywood or latewood area; @The final dimension of these
specimens is about 3mm(R)x4mm(T)x30mm(L) were obtained by the small
hand sawing; @the observation surface was coated by epoxy resin very
carefully, avoided the formation of air bubble, then displayed in the room for
epoxy resin cure.

Dynamic observation: Dthe specimen was connected through a rubber tube
with the vacuum control system, then was set up on the special designed
observation stage ;@two side surfaces (radial surfaces) and another tangential
surface opposite to the observation surface were coated with silicone grease,
then put the special designed observation stage on the platform of the
reflecting optic microscope; @the dyeing solution used in the experiment is
patent blue (C.I: 42045) with 0.2% concentration, fill it in one end of the
specimen before the penetration begins, and the penetration was tracked by

means of movement of the platform of the reflecting optic microscope, the
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whole process was recorded by the video tape recorder which can be replay
for every 1/100 second; @the penetration length in different time could be
calculated by means of the measurement of the printout of video printer with
the penetration time displayed on photos or the ruler adhibited on the
monitor; ®acquire the time (sec) and length of penetration (mm) relation
curves.

Observation by reflecting optic microscope: after the dynamic observation,
the specimens were cut by small hand sawing both in cross section and
radial section, and then the cutting surface were observed via the reflecting
optic microscope or monitor, finally, the image of cutting face was printed out

by the video printer.

2.2 Liquid uptake experiments

2.2.1 Material

The specimens (20mm(R)*15mm(T)*x40mm (L)) from Korea pine
heartwoods were made from the liquid uptake experiments. These specimens
came from the boards treated by five different drying methods same as

mentioned above, respectively.

2.2.1 Method

(Dthe tangential and radial surfaces of the specimens were coated by the
epoxy resin, @the specimens were placed in a standing position on one side
of the cross section at the surface of dyeing solution, the dyeing solution
used in the experiment is patent blue (C.I: 42045) with 0.2% concentration;
@weigh the specimens every period of time, the amount of penetration was
denoted by the difference of weight, the amount of penetration in specimens
was determined by the capillary rising method for 460 minutes; @acquire the

time (min) and liquid uptake (g/cm2) relation curves.

2.3 SEM observation
2.3.1 Material
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Korea pine heartwoods treated by five different drying methods.

2.3.2 Equipment
JSM-5500LV SEM

2.3.3 Method

Samples of the cross-radial-longitudinal surfaces were prepared by
splitting, mounting, and coating them with gold prior to observation. Scanning
electron microscopy (SEM) was used to observe the cell wall, resin canal, pit

aspiration and encrustation material characteristics.

3. Result

3.1 Dynamic observation experiments

The dynamic behavior of liquid penetration in the longitudinal direction of
Korea pine heartwood observed in this experiment could be summarized as
follows:

@DThe wood tissues being penetrated in longitudinal direction of Korea
pine heartwood are resin canals and tracheids.Resin canals are the primary
conductive pathway into Korea pine heartwood. The length of liquid
penetration inKorea pine heartwood trachieds was very limited, hardly exceed
a tracheid length, this is likely to be due to pit aspiration, pit occlusion with
extractives, and pit encrustation. Penetration kept on going forward to the
vacuum end for a period of time, and then stopped for some time, liquid
penetration from one end of the specimen to the other is the repeat of the
go-stop cycle(Youke et al., 2003).

@The speed of liquid penetration in resin canals depend on the extent and
distribution of turpentine filled in resin canals. Within one tracheid the
spreading wetting—ability of liquids to lumen surface, the size and the shape
of tracheid, and the surrounded ray cells are the key factors to affect the
liquid penetration speed.

@)Liquid penetration in one resin canal will move to the neighboring
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tracheids through the bordered pits, and then through the window-like half
bordered pits at the near cross fields to the ray cells, then moving along the
ray cells for a distance and finally to the up or down neighboring tracheids
by the window-like half bordered pits again or directly moving to the left or
right neighboring tracheids by window-like half bordered pits without a
distance moving along the ray cells(Fig. 32).

@For the resin canals of Korea pine heartwood, maybe a length of resin
canal was filled with turpentine, or partially filled, or even totally empty.
During dyeing solution impregnation, the main flow into Korea pine
heartwood occurs along the longitudinal resin canals. the interstitial spaces
created by the collapse of thin—walled epithelial parenchymatous cells and
resinosis cells lining the resin canals during drying form secondary
paths(Booker, 1990).

®There were two stagnation position of liquid penetration in one tracheid,
one was in the overlapped top position of a tracheid, the other was the
narrow tracheid lumen where a ray passed by(Fig. 33). After the stop of
penetration for some time, it may conquered the air pressure and went
forward, or may stopped forever(Siau, 1995). The liquid-air meniscus drove

the penetration (Fig. 34).
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Fig. 32. Radial-longitudinal section showing stained axial resin canal,
tracheids and ray cells

Fig. 33. Two stagnation position of liquid penetration. Upper.
overlapped top position. low. Narrow tracheid lumen passed by ray.
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Fig. 34. Liquid penetration at a tracheid and ray crossing
showing the liquid meniscus

Figs. 35 and 36 showed the liquid penetration length of earlywood and
latewood for Korea pine heartwood after treated by different drying methods.
It is obvious that the penetration rate in latewood is higher than earlywood.
The length of tracheids in latewood is longer than that of the earlywood
tracheids and is one explanation of why liquid penetration in Korea pine
heartwood is better in the latewood than in the earlywood.

All the specimens cut from Korea pine heartwood were very difficult to
penetratein tracheids. The permeability comparison of Korea pine heartwood
(earlywood and heartwood) specimens affected by five kinds of drying
methods are as follows: the penetration rate in superheated steam drying
specimens is the most fast in air drying specimens is the second in kiln
drying specimens is the third; mw/v drying specimens and high temperature
drying specimens are the most difficult to penetrate. Superheated steam

drying treatment of heartwood resulted in fast and greater penetration of
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dyeing solution into the resin canals and neighboring tracheids and ray
parenchyma. This is likely to be due to removal or distribution of resin and

some thin-walled tissue may seriously collapsed to form the interstitial space.
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Fig. 35. Liquid penetration in tracheids of earlywood specimens of
Korea pine heartwood after various drying treatments.
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Fig. 36. Liquid penetration in tracheids of latewood specimens of
Korea pine heartwood after various drying treatments.

3.2 liquid uptake experiments

Figure 37 showed the solution uptake by Korea pine heartwood treated
with the various drying methods. It is obvious that the maximum uptake
values of about O.52—O.54g/cmzwere seen in the superheated steam drying
specimens; uptake value in the air drying specimens and the kiln drying
specimens are no obvious difference; liquid uptake in the mw/v drying
specimens and high temperature drying specimens are the most difficult, the
maximum value is only O.lg/cmz. This result consisted with the results of

dynamic observation experiments.
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Fig. 37. Solution uptake in Korea pine heartwood specimens after various
drying treatments.

3.3 SEM observation

The SEM observation of longitudinal-radial-cross direction of Korea pine
heartwood in this experiment could be summarized as follows:

(DThe reason for low permeability in the tracheids of five kinds of treated
specimens was encrustation materials accumulated on the tracheids wall, torus
and margo of bordered pits, ray tissue. All the bordered pits pair were
aspirated. Some cracks in margo of bordered pits and tracheids wall can be
found in superheated steam drying specimens, which improved the
permeability in tracheids and ray parenchyma. Encrustation material was not
form by resin moves, but inherent by heartwood itself. Another reason for
low permeability in tracheids was the anatomy factor: the presence of
trabecula in the tracheids, it was like a membrane covered the tracheids
cavity.

@Resin canals of five kinds of treated specimens were not all empty, in a

whole resin canal, a length of resin canal may full of resin, but another
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length may have fewer resin or even empty. Even for superheated steam
drying specimens, resin canals also filled with turpentine, this suggested that
resin flow only happen in the resin canals.

@MW/V drying and HT drying specimens were found to be reaction
wood, which was probably a critical reason for the low permeability in
tracheids. Compression wood is a type of wood produced on lower sides of
branches or leaning and crooked stems. In compression wood, tracheids
(especially on late wood) show a round appearance and evident intercellular
spaces with many helical cavities (or spiral checks) on the secondary walls,
the compression wood tracheid wall was thicker, the tracheid cavity was
smaller. Observation the appearance of the specimens also found that the area
of latewood was wider, the wood colour was darker, and higher density and

hardness.
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1. Introduction

Resin canals play an important part in fluid transport in wood. Their
ability to do so depends mainly upon the amount of resin blocking the canals.
This is affected by a large number of factors such as the number of resin
canals per square metre, drying and the drying schedule used(Booker,

1990)' Three mechanisms are effective in reducing the capillary size of the pit
pairs, and any combination of these may be present in a wood species. The
mechanisms are pit aspiration, pit occlusion with extractives and pit
incrustation. Matsumura et al.1995, 1996, 1998)'found that methanol extraction
increased the specific permeability of Japanese larch heartwood, there was a
positive correlation between the increase of permeability and methanol
extractives, the increase of heartwood permeability by methanol extraction
was caused by the solution of some incrusted heartwood material on pit
membranes and by the removal of resin in resin canals. A linear relationship
was also found between increase of permeability after resin extraction and
the number of resin canals. Iida et al.(2002) investigated the maximum
amount of water uptake by the capillary rise method and changes in the
aspirated pits seen with scanning electron microscopy before and after of
preextraction and precompression using heartwood samples of four softwoods,
they found that the difference in penetration of each wood species was
caused by the quantity and quality of the extraction material.

The Darcy equation is the usual basis for permeability studies. It was
initially developed to describe the flow of fluids through sand; however, the
basic assumptions hold when dealing with wood(Booker and Evans, 1994).

Conductivity=Flux / Gradient (Darcy equation)

Darcy’s law for liquids may be stated as(Siau, 1995),

oL VL
K= AAP = tAAP (Darcy’s law for liquids)
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Where K is permeability, m*(liquid)/m Pa s; Q is volumetric flow rate,
m’/s; L is length in flow direction, m; A is cross—sectional area of specimen,
m” AP is pressure differential, Pa; V is volume of flow; t is time, s. This
equation 1s readily applicable to a rectangular specimen.

The objectives of the present study were to investigate the effect of
water extraction, alcohol-benzene extraction, and the combination of water
and alcohol-benzene extraction on longitudinal liquid permeability of Korea
pine sapwood. The permeability in sapwood is discussed in relation to the
drying methods(air drying, kiln drying, mw/v drying, high temperature drying
and steaming). Determine if the extraction treatment could improve the

permeability of Korea pine sapwood after various drying treatments.

2. Experiments

2.1 Permeability test for divide into groups

2.1.1 specimen preparation

specimens (5mm(R)*x5mm(T)x60 mm (L)) of Korea pine sapwoods were
selected for the experiments.12 piece of specimens were cut from the boards
treated by each of five different drying methods: Msuperheated steam drying,
boards were steamed at a condition of 100C and 100% relative humidity for
36 hours (4days x 9Yhours/day) in a heat treatment chamber; @air drying,
boards were exposed to atmosphere under shed for three months; @kiln
drying, boards were dried at 65.5 CDB and 54.5 CWB for 91 hours, followed
by 82 CDB and 545CWB for 97 hours; @microwave/vacuum drying, boards
were dried at the average temperature of 97 Cfor 268 hours; ®high
temperature drying, boards were dried at 120CDB and 70 CWB for 60 hours.

2.1.2 count the number of resin canals in cross section

the number of resin canals in the both cross section were counted by a

substance microscope.
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Table 7. the number of resin canals in cross section

methods | Steaming | MW/V HT AD KD
No. in |out| in |[out| in |out| in | out | in | out
1 8 11 7 4 6 7 7 7 8 5
2 6 11 | 11 9 9 12 | 14 8 10 7
3 9 17 7 9 8 11 7 5 4 6
4 11 | 11 9 12 8 2 7 10 6 6
5 7 6 4 6 6 5 6 6 5 9
6 6 4 5 6 6 0 10 6 6 6
7 5 9 9 8 8 7 7 4 6 5
3 11 | 11 | 12 | 13 5 2 7 10 5 5
9 7 7 8 10 | 11 | 12 | 10 3 7 4
10 9 10 9 7 8 9 4 3 6 8
11 8 8 9 11 9 11 6 4 6 7
12 6 7 3 7 10 | 14 1 5 11 9

2.1.3 liquid penetration experiment for all the specimens
2.1.3.1 Experimental condition

the degree of vacuum is 1.01x10°Pa.

2.1.3.2 Equipment

compose of a vacuum pump, a vacuum gauge, two vacuum control valves
and a digital electronic balance.

2.1.3.3 Method

the specimen was connected through a rubber tube with the vacuum
control system; a cup of pure water was set up on the stage of the digital
electronic balance; one side of the cross section of the specimens were insert
into the surface of pure water; the penetration in specimens was determined
by the water uptake method forl,5,10 and20 minutes. the amount of
penetration was denoted by the difference of water weight showed on digital
electronic balance.; acquire the time (min) and permeability (darcies) relation

curves.

2.1.3.4 Result
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19 38. The curves of longitudinal liquid permeability change with
time of non-extractionKorea pine sapwood after various drying
treatments

2.1.4 Divide specimens into 3 groups depend on the permeability tested
above

Permeability comparison among the specimens

Table 8. Grouping specimens

drying methods Permeability comparison
Steaming 2>3>1>8>9>4>6>7>12>11>5>10
Microwave/vacuum drying T>1>8>2>11>4>12>6>10>5>9>3
High temperature drying 11>9>1>4>12>7>10>5>2>3>6>8
Air drying 10>8>9>12>1>5>4>7>11>6>3>2

Kiln drying 4>3>7>1>2>8>10>9>12>6>5>11

Divide into 3 groups.
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Table 9. Three groups of specimens to be extracted

treatments
non—extraction | water—extraction | BA+water—extraction
methods

Steaming 2,8,6,11 3,9,7,5 1,4,12,10
MW/V 72125 1,11,69 8,4,10,3

HT 11,4,10,3 9,12,5,6 1,72,8

AD 10,12,4,6 81,73 9511,2
KD 4,1,10,6 3,295 781211

2.2 liquid penetration experiment for water—extraction specimens

2.2.1 Hot-water extraction

50 hours in boiling water.

2.2.2 Cold-water extraction

Specimens were soaked in cold water for 45 hours and

conditioning at room temperature.

then 3 days of

0.14
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—o— Steaming
—Ba—MW/V
—A—HT
—>— Air
—¥— Kiln

10 20

time(min)

Fig. 39. The curves of longitudinal liquid permeability change with
time of water—extraction Korea pine sapwood after various drying

treatments
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2.3 liquid penetration experiment for alcohol-benzene and water extraction
specimens

2.3.1benzene-alcohol extraction

the volume proportion of benzene and alcohol is 2(67ml):1(33ml), these two

chemical reagents were mixed together, then extracted by Soxhlet for 75h.

2.3.2Cold-water extraction

Specimens were soaked in cold water for 45 hours.

2.3.3Hot-water extraction

50 hours in boiling water and then 3 days of conditioning at room

temperature.

016
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012 r
E —o— Steaming
° 01 r
3 —B8— MW/V
£ 0.08 | —A—HT
_§ —>¢— Air
£ 0061 —%— Kiln
o

0.04

0.02 r

0
1 5 10 20
time(min)

Fig. 40. The curves of longitudinal liquid permeability change with time
of BA+water-extraction Korea pine sapwood after various drying
treatments

2.4 Additional experiment: liquid penetration experiment for
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benzene-alcohol extraction specimens
In order to verify if water or benzene-alcohol or both of them leading to

permeability decrease in some kinds of specimens

2.4.1 specimens

were selected from non-extraction specimens

2.4.2 benzene—alcohol extraction
the volume proportion of benzene and alcohol is 2(67ml):1(33ml), these two
chemical reagents were mixed together, then extracted by Soxhlet for 75h,

then 3 days of conditioning at room temperature.

0.16
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0
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Fig. 41. The curves of longitudinal liquid permeability change with
time of benzene-alcohol extraction Korea pine sapwood after various
drying treatments
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Fig. 42. longitudinal liquid permeability of Korea pine sapwood
determined at 20 minutes

Table 10. Correlation coefficients between the number of resin canals and
permeabilities of water extraction treatment

Kbf Kaf Kaf-Kbf
Steaming Nrc 0.815 -0.15 -0.827
MW/V Nrc -0.354 0.511 0.683
HT Nrc 0.719 0.994 0.426
AD Nrc 0.917 0.61 0.433
KD Nrc -0.165 -0.703 -0.352
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Table 11. Correlation coefficients between the number of resin canals and
permeabilities of alcohol-benzene and water extraction treatments.

Kbf Kaf Kaf-Kbf
Steaming Nrc 0.257 0.853 -0.025
MW/V Nrc 0.99 0.831 -0.98
HT Nrc 0.012 0.589 0.157
AD Nrc -0.554 -0.824 -0.78
KD Nrc -0.389 -0.395 0.377

Kbf: K value before extraction, Kaf: K value after extraction, Kaf-Kbf: difference
between Kaf and Kbf, Nrc: The number of resin canals in cross-sectional area of
specimen.

2.5 SEM observation

2.5.1 Material

Korea pine sapwoods treated by five different drying methods.

2.5.2 Equipment
JSM-5500LV SEM

2.5.3 Method

Samples of the cross-radial-longitudinal surfaces were prepared by
splitting, mounting, and coating them with gold prior to observation. Scanning
electron microscopy (SEM) was used to observe the resin canals, bordered

pits and encrustation material characteristics.

3. Conclusions
3.1 liquid penetration experiment

(1) there was no significant correlation between permeability and the number
of resin canals in cross section. This suggested that permeability was not

absolutely depend on the number of resin canals, but the number of resin
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canals which went through two sides of cross section, and influence by
the condition of resin distribution in resin canals.

(2) after extraction treatments, the difference of permeability among five
kinds of drying method specimens were decrease, it is suggested that
drying methods have effect on the condition of resin in resin canals.

(3) the primary liquid flow path in Korea pine sapwood of this experiment
was the resin canals and the interstitial spaces surrounding axial resin
canals, the formation of interstitial spaces due to the collapse of
thin-walled epithelial parenchymaous cells and resinosis cells lining the
resin canals during drying. Different drying methods have different effect
on the collapse of thin-walled cells lining the resin canals, and have effect
on the condition of resin too.

(4) air drying is a gentle drying method, during the air drying thin-walled
cells might be a bit collapse or even no collapse at all, at the same time,
the resin is hardening in a low degree during drying procedure. That is
the reason why the permeability was low in non-extraction air drying
specimens, but after water and alcohol-benzene extraction at 100— and
80— respectively, thin-walled cells lining the resin canals were collapsed
and formed interstitial spaces, at the same time, water solution extractive
and oil solution extractive were soften or extracted out easy, and result in
permeability increase significantly after extraction treatment..

(5) high-temperature drying is a severe drying method, it is suggested that
this low permeability is due to movement and modification of the resin,
which may block the resin canal. Meanwhile, after high temperature
drying treatment, resin may turn harden in a high degree, and difficult to
be changed by extraction treatments. That is the reason why
permeabilities among untreated and treated specimens were almost the
same.

(6) the situation of permeabilites for other three drying methods were similar:
permeabilities were high before extraction treatments, but it decrease after

extraction treatment. Especially for the kiln drying specimens. That is
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because before kiln drying treatment, the specimens had been treated by
air drying for a long time, the resin in the resin canals maybe dried and
shrinkaged mostly, so before extraction treatment, the permeability of
specimens was high. Meanwhile, extraction treatments were not
completely, resin was not extracted out entirely, resin just be swelling,
soften, or partially melted. The modification of resin may block the resin
canals.

(7) figs. 1 to 4 showed the decrease in flow through wood with time. Wood
can act as a filter, with small particles or air bubbles in the water
gradually blocking the pathways; or polar liquids can cause swelling of
the wood fibre (Flynn, 1995).

3.2 SEM observation

(1) all the specimens are normal wood (tracheids show a square appearance
and have no intercellular spaces; have no helical cavities on the tracheid
walls).

(2) before and after extraction treatments, encrustation materials also
accumulated on the torus and margo of bordered pits, resin also left in
resin canals. The above phenomena suggested that the extent of extraction
treatments was not enough, water and oil solution extractives were not all
extract out, the encrustation material of Korea pine was hard to extract
out. That is the reason why experiment results were not in reason. It
need to prolong extraction treatment time in next experiment.

(3) before extraction treatments, the broken torus of bordered pits were only
found in steaming specimens; after extraction treatments, the torus of
bordered pits were broken in all drying treatments specimens, but it could
not improve the permeabilities. So it also verify that the main flow path

in Korea pine sapwood is resin canals, tracheids have little effect on it.
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