Development of Compressed-flattened Bamboo Impregnated
with Low Molecular Weight PF Resin(1)*'
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ABSTRACT

This study was carried out to develope a new process of flattening bamboo pieces(3
months old) by two steps of utilizing microwave oven and hot press. Internode bamboo
pieces were impregnated with low molecular weight phenol formaldehyde resin (PF) under
vacuum of 76 cmHg, heated in a household microwave oven in 1 minute, pressed on the
temperature of 145C by the hot press for 10 minute, and then cooled by the cold press in
their flattened form. The physical and mechanical properties of compressed flattened
bamboo were as follows:

1) PF1(Mw:427) and PF2(Mw:246) sol. met the success of flattening of internode bamboo
pieces in both of P. bambusoides and P. nigra var. PF2 showed the more plasticity to
flatten the bamboo than PFl. The PF2 sol. with low molecular weight(Mw:246) gave the
more weight gain than that of PF1 in the equal concentration. PF1 of 5% (NVC) and PF2
of 109 (NVC) sol. gave the best result for physical and mechanical properties and from a
economical view point.

2) The PF1 of 5% (NVC) sol. with low molecular weight decreased the water absorption
of 62~63% and increased the bending strength (MOR) of 80~90%, compression strength
of 43~549%.

3) The PF2 of 10% (NVC) sol. with low molecular weight decreased the water absorption
of 56~57% and increased the bending strength (MOR) of 64~86%, compression strength
of 39~63%.
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{Table 1> Molecular weight of PF resin
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Common PF 1 Low-molecular weight PF 2
Mn 231 177
Mw 427 246
Mw/Mn 1.844 1.393

* Mn:Number-average molecular weight
Mw:Weight-average molecular weight

Mw/Mn : Polydispersity
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{Table 2> Properties of PF resins for impregnation process

NVC(%) pH Viscosity(cps)

5 10.2 115

20 11.1 25.8

PE 40 118 388
undiluted(50) 12.2 2375

10 10.3 20.0

20 10.7 24.3

PF 2 30 11.0 28.5
40 11.3 339

undiluted(50) 11.7 120.4
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{Table 3> Weight percent gains of PF resin based on the oven - dry weight
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P. bambusoides P. nigra var
Weight Weight
. Duncan . Duncan
NVC(%)| gains(%) gains(%)
- test ‘s test
F=49.87 F=97.12
5 3.34%£0.45 A 216011 A
PF1 L 20 5.38*t1.41 B 418+0.18 B
40 7.261+0.26 C 6.64+0.49 DE
10 417+0.28 AB 2.87%0.13 A
20 558*0.21 B 494+0.61 BC
PF2 L 30 8931054 D 5.64£0.36 CD
40 8.98+0.58 D 6.97+0.39 E
50 11.08+0.66 E 9.68%£0.71 ¥
{Table 4) Physical properties of compressed—-flattened bamboo board according to
impregnation of PF resin
P. bambusoides P. nigra var
Density M.C.(%) Density M.C.(%)
. « |Duncan . » |Duncan . . |Duncan ., {Duncan
F=53.10 F=16.77 F=43.73 F=4.07
Control |0.780.03 A 11019%046] C 0.76%+0.05 A |10.01£0.31 C
5 10.85£0.03 B 8.37%0.70 B 0.792+0.01 B 7.47%0.29 A
PF 1]20]1.01£0.03 C 5.58+0.14 A 1.00£0.08 C 6.68+0.85 A
40 11.0320.02 C 54310.35 A 1.03%0.06 C 5.65+0.92 A
10 | 1.00£0.04 C 670110 AB [1.01%0.01 C 720241 | AB
PF 2 20 (1.07£0.02 C 563%1.00 A 1.04+0.07 C 7172021 AB
3011.05+0.06 C 562+1.10 A 1.05%£0.01 C 6.72+1.47 A
40{1.04%0.03 C 5.46%0.43 A 1.12£0.05 C 6.22+0.37 A
34 | E A A12B A23(2001. 12)




{Table 5) Water absorption of compressed-flattened bamboo board according to

impregnation of PF resin

P. bambusoides P. nigra var
W.A.(%) W.W.A (g/cr) W.A(%) W.W.A.(g/crl)
.. |Dun .. |Dun .. |Dun .. |Dun
F=33.37 F=30.92 F=129.4 F=24.32
Control |3056x3.25| C 0.0680.01 B [2813X099| D 0.055+0.01 B
5 (11.57£1.04] A | 0022+00017 | A 10325090 A | 0.022%0.0007 | A
PF 1[20[1506£093] A | 0.027£0.001 | A [11.53X069| AB| 0.024£0001 | A
4011985+1.99| B | 0.031+£0.0046 | A [19.95%0.79| C | 0.031£0.0074 | A
10 11351+209| A | 0.024F0.0018 | A |12.01£0.97| AB| 0.023*£0.0014 | A
PF : o 2011212+0.85] A | 0.025%0.0034 | A }12.07X1.07| AB| 0.023%0.0016 | A
3015011611 A | 002900042 | A (1280065 B | 0.027F0.001 | A
40 11554*£1.80 | AB| 0.028£0.001 | A |13.84*F1.15; B | 0.02720.0024 | A
* W.W.A ! Weight of water absorption per unit area

{Table 6> Mechanical properties of compressed-flattened bamboo board according to

impregnation of PF resin

P. bambusoides

P. nigra var

B.S.(kgf/cn) C.S.(kgf/cr) B.S.(kgf/cnf) C.S.(kgf/cm)
«+ |Dun ‘s Dun = .. Dun
F=15.15 F=26.48 F=10.10 F=9.49
Control | 1559578746 | A | 744.68*3.87 A 114733318460 72783£2769 | A
PF 5 12819.34+147.82| B | 1067.66148.12 | BC | 2801.02£78.19 11204812843 | B
20 (2670.83+184.31] B | 1123.13£64.36 | BCD|2284.21 =141.02 1139.49+£161.49] B
1 40 2459.35£242.97] B |1293.33+79.14 | DE {2206.35%264.53 11535110550 B
10 |2668.75+143.71] B |1032.66+160.42| B |2749.37+127.39 118726123493/ B
PF | 20 [2493.27%=22094] B | 1267.69=75.53 | CDE |2451.35+229.09 127421873 | B
2 130(2448.81£17849| B | 1372367932 | E |2307.41*=265.93 1304717745 | B
40 | 2488.62+26.30 | B | 1574.81+t80.89 | F [2142.26%367.99 1413.34+£62.08 | B
(Fig 1> Water absorption of compressed-flattened bamboo impregnated with PF
Water absorption
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Weight of water absorption per unit area
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{Fig 2> Mechanical properties of compressed-flattened bamboo impregnated with PF
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