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Abstract: Stone board for the rock bed was needed to reduce weight using thin thickness and reinforced
materials. In this work, stone/wood board for rock bed was studied. Stone and wood were attached to reduce
total weight of stone for rock bed. For reinforcing wood heat treatment method was used to change surface
and mechanical properties. Mechanical strength of heat treated wood increased more than neat condition. The
optimum heat treatment condition was set on 100°C under tensile, flexural loads whereas surface energy was
also obtained by contact angle measurement. Optimum adhesive condition was to get the maximum adhesion
between stone and wood. Lap shear test was performed for stone/wood board with different adhesives such
as amine type epoxy, polyurethane, chloro-rubber and vinyl chloride acetate type. Fracture surface of lap shear
test was shown at wood fracture part on stone using amine type epoxy adhesive. It was found that for high
adhesion between stone and wood the optimum adhesive was epoxy type for the rock bed.

Keywords: heat treated wood, wettability, lap shear test, adhesive
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Figure 1. Photographs of woods after heat treatment at dif-
ferent temperatures : (a) Neat; (b) 60°C; (c) 100°C; (d)
130°C and (e) 170°C.

Figure 2. Photos of contact angles between several liquids
and woods heat treated at different temperatures : (a) neat;
(b) 60°C; (c) 100°C; (d) 130°C; and (e) 170°C.
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Table 1. Surface Energy of Wood with Different Heat Treatments Using Static Contact Angle Method

Contents 7 7 &V 7 B 7 7s 7 7P
Neat 33.28 19.88 13.40 22.28 2.02 34.22 10.18
60°C 39.24 23.38 15.86 9.67 6.50 42.51 5.81
100°C 43.98 18.67 25.31 13.08 12.25 80.00 5.48
130°C 39.69 32.76 6.93 5.95 2.02 38.94 7.51
160°C 31.40 23.65 7.75 1.88 8.01 65.61 1.88
Table 2. Work of Adhesion of Wood with Different Heat 40
Treatments Using Static Contact Angle Method 2k
)0°C
Contents W. (Phenol) W. (Vinyl) W. (Amino) 53“' l‘:‘(““"
Neat 107.4 532 63.7 Sosp ‘
100°C 110.0 67.1 82.2 ﬁ 20r tfeol( 130°C
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Figure 3. Tensile test of various woods treated at different
temperatures.

100

Neat
[ 60°C treated
100°C treated
[ 130°C treated
170°C treated

a g8 8
T

' 2

40t

Flexural stress (MPa)

051 152 253 354 455

Deflection (mm)
Figure 4. Flexural test of various woods treated at different
temperatures.
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Figure 5. Comparison of tensile fracture condition of wood
with different heat treatments : (a) neat; and (b) 100°C.
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Figure 6. Lap shear test for adhesion between woods and
various adhesives.
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Figure 7. Photos of lap shear fracture surfaces with different
adhesives : (a) high level PU; (b) low level PU; (c) chlor-
ide acetate; (d) amino type epoxy; and (e) chloro-rubber.
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Figure 8. Shear stress of heat treated wood/stone.

170°C

3.3 3 MEH A
AW =&
Figure 62 H2A F
Fol mE Az ok HAA = WstEs

|
@ Aspolth. ofulA AEA HAAE AHgHE o]

M e HARAEE UrEhHO*E} ShAIRE BF R 2HA
o] AE BHY YA o |~15 MPa HIAAEE
YERHATE PU H2HA A9 PU kol wel 23

A4 Slss oFAs) goe e dagEs
TIAT, CR ARASN B 2Ry 59y 4

FE= Ao o] Al g0l dFE T
A 71 Oliﬂﬂ AIE FAT AT dInid=
A AFA Y] A= AEY olsrE e By F

=3 A3E FAsGT o) HABA REES 9

& YA zde ke WAYEE SAH, YA A
Aol Ggol Haspd & A 2ol AZo|M, Figure
6% Mo oZAA HAAYS HAstdnh

Figue 7¢ F#Ale] 2o M2 Aol o Aw
Aol Hene EAst AR TRele] A AL
Aot} HERe BAARD P A Ao o)
3 Aol Mg AL BAT 5 AT Aol
wdo) AAAL FEE 9 AeE vad @
W Aol ol5A A DA FAHAG. =,
R AAe) Algo] E7] WEel ARl BRI 3



74 ABE - NP5 -

i)

N

oA 'A< HRRTE HZA zAe] FEFoe
2 HAHe s st WeE FAAFHAG. AN
ANFA HAAE o] &3 AF, AAY FHE EFA
o] YR} ZoA 9o, FAY FAdHdAs dF
o] Eojxl A3AE UeHATE ol oAFA FA ¢
ZA7Ee] HR2 A H2H EAsls HAAE &
AAA L] JIEAFEHTG =7] wio] A" A=
AdEd. & 524 AAY A=r E=ud, J2Eo)
o =4 Jehd = ke ovulo|th Figures 6, 7%
Higro g Mzl Ex) REE A A HFIA %
AL dZAALS gRlstat

TFHOE, Figure 82 GAg] HAo] mE AAe}
o] AWHAES | M Agoz Hrigk Ayo|th
HZA = o ZA HBAAS g3ty 38 =719
w2t EA9 FE== thEA YeRdTh 100°C X
z19 o3 EAle A=} FJA=ET A F
FEIJT AFA HEAAE o] 83 F Hek A A
o 7% HAZE HRHA EoA= AAE HIES
2 BA A9 A=} AREI 75 oAFA A
ZAE o] &3 AR HAALEE Fopzitha f
F& = ATk Figure 89 Ao} o] Ayl =7
of Mg} A== HlEer, HHx21L 100°C
dxe] zdotety A9 4 Uty E4FoE ©
317F wol & 130°C €48 =13 170°C A8 =
Aol dafixe 54 FEAs7E HAEIIT] H2E
Ho A3t G AT dF &3l otk dFo=
Ao #AE7 "olx|y] wiid HAZZe A
AAl, A 2571 Fobdd wet HAF A LA
A3PsA=

4. 84 E

3 AHEEE AAe FAE FolnA MA et
A7 HEgE o|FA B I ATE NIYPSAUTh
Ao RS FHisleld, 4= ¢ xd/d 5anE
grsly] el Az =Ad wE EAjo] EANEES
A%, =, A4 HyPHoE ISt 100°C
dxE 2dddAM AR L IATY] FTPE AL
U, o] 2xolM= EAAS I #AFEAL o= &
e o3 EA] B AEZ s PR dF &
ol ZFiAIAA C-C FFrAF el FAAHUA7] wZol
o HH9 dxg =4 100°C EXy =AM 7}
w8 BdduA A3E Yelyon, ol niygo
2 a2 HJ2AA}Y H2AHo] M w5 o= 4
48 5 Ak oFAE HAA HEHIE A
A Aye AYPsigon, oZFA HAAE o] &g
H2go] M =2 H3AES 73T PUA, CRA A

I

A2A o] Algol AR 4 v

A o] A5 =2 3

A 2R AA Ade s Al =40 o
g FAe AAY AMe f AT Ao wE A
e ZH e, olFA HFA L] e A2 A
SAE Eoldls 2HE YEI=el SAAA S 7
AEet A7 wor HAjet EARE HE Az 3l
ojA &HA 24 Ao THede FAsAH

# A

B oATE AYFTAAURI} AUsE A9
Ao FAHYoM, AF A% BF JFTAY
wol A o] BA=HU

%023

1. D. Aydemir, A. Kiziltas, E. E. Kiziltas, D. J.
Gardner, and G. Gunduz, Composites: Part B, 68,
414 (2015).

2. J. H. Kim and W. H. Lee, Journal of Korean Wood
Science, 29, 118 (2001).

3. Y. J. Song, H. J. Jung, D. G. Kim, S. I. Kim, and
S. 1. Hong, Journal of Korean Wood Science, 42,
258 (2014).

4. 1. S. Jung, W. H. Lee, J. P. Chang, and H. M. Bae,
Journal of Korean Wood Science, 30, 87 (2002).

5.1 A. Kang, S. Y. Lee, G. H. Doh, S. J. Chun, and
S. L. Yoon, Journal of Korean Wood Science, 38,
298 (2010).

6. Y. S. Bae and Y. H. Ham, Journal of Korean
Wood Science, 28, 52 (2001).

7. 1. J. Lee and W. H. Lee, Journal of Korean Wood
Science, 42, 266 (2014).

8 H. M. Lim and S. H. Hong, Journal of Korean
Wood Science, 42, 13 (2014).

9. Y. G. Park, C. D. Eom, J. H. Park, Y. S. Chang,
K. M. Kim, C. W. Kang, and H. M. Yeo, Journal
of Korean Wood Science, 40, 257 (2012).

10. L. Todaro, A. Rita, P. Cetera, and M. D’Auria,
Fuel, 140, 1 (2015).

11. A. Zhou, L. H. Tam, Z. Yu,
Composites: Part B, 71, 63 (2015).

12. S. W. Oh, Journal of Korean Wood Science, 35, 9
(2007).

13. S. W. Oh, Journal of Korean Wood Science, 42,
420 (2014).

and D. Lau,

A W AH Z16H 23, 2015



dAel 230l mE HAe] At 7AE 24

14. H. S. Byeon, J. M. Kim, K. K. Hwang, S. C. Park,
and S. W. Oh, Journal of Korean Wood Science,
38, 178 (2010).

15. 1. J. Lee and W. H. Lee, Journal of Korean Wood
Science, 42, 266 (2014).

16. D. W. Son and M. R. Kang, Journal of Korean
Wood Science, 43, 96 (2015).

17. F. Kacik, P. smira, D. Kacikova, V. Vel’kova, A.
Nasswettrova, and V. Vacek, Carbohydrate Polymers,
117, 681 (2015).

Journal of Adhesion and Interface Vol 16, No.2 2015

ul

ERUE AAEATE A=A ok 2 Bt 75

18. Z. J. Wang, D. J. Kwon, G. Y. Gu, J. K. Park, W.
I. Lee, and J. M. Park, Journal of Adhesion and
Interface, 12, 88 (2011).

19. J. Y. Choi, D. J. Kwon, Z. J. wang, P. S. Shin,
and J. M. Park, Journal of Adhesion and Interface,
15, 9 (2014).

20. J. H. Jang, Z. J. Wang, J. G. Kong, G. Y. Gu, J.
M. Park, W. L. Lee, and J. K. Park, Journal of
Adhesion and Interface, 10, 90 (2009).



