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Tensile Strength of Composites from Hanji(Korean paper)
Sludge Mixed with Wood Fiber or Particle

Phil-Woo Lee - Jung-1l. Son - Young-Kyu Lee*!

ABSTRACT

This research was carried out to investigate the Hanji sludge(black color)-wood fiber and
wood particle composites applied by waste sludges arising from the making process of Hanji
(Korean paper). In experimental design, four levels of the mixed rato of Hanji sludge to wood
fiber or wood particle(10:90, 20:80, 30:70 and 40:60), three kinds of the resin(PMDI, urea and
phenol resin) and three kinds of the specific gravity(0.6, 0.75 and 0.9) were designed to
determine the tensile strength of Hanji sludge-wood fiber and wood particle composites. From
the results and discussion, it may be concluded as follows:

In Hanji sludge-wood fiber and wood particle composites, tensile strengths showed decreasing
tendency absolutely by increasing Hanji sludge additive, but clearly increased with the increase of
specific gravity.

In Hanji sludge-wood fiber composites, there were no differences between PMDI and urea
resin-bonded composites, but phenol resin-boned composites were inferior to others in tensile
strengths. Hanji sludge-wood fiber composites were made possibly until the addition of 30%
Hanji sludge.

On the other hand, Hanji sludge-wood particle composites(SpGr=0.6) have very low tensile
strength values. But they were made favorably untl the addition of 20% Hanji sludge in Hanji
sludge-wood particle composites(SpGr=0.9).

Keywords : Hanji sludge, Hanji(Korean paper), wood fiber, wood particle, tensile strength Hanji
sludge-wood fiber composites, Hanji sludge-wood particle composites
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Table 1. Specific gravity, moisture content and tensile strength of Hanji(black) sludge-wood fiber and wood
particle composites.

. Mixed Fiberboard Particleboard
Resin  Target . - - -
Ratio R Moxsturtzt) Tcnsxlcs) Moisture Tensile
Type SpGr %) SpGr Content Strcngthz) SpGr Content Strcngtl;
(%) (kgf/cm %) (kgf/cm’)
10 0.63+0.02° 82+038 923+76 A~ 058+002 571044 340+46 A
0.6 20 0.64+0.04 924037 846+65 B 0601003 62+0.37 266+28 B
’ 30 0.65+0.04 99+051 67.8+96 C 0.59+002 63+097 158+12 C
40 0.64+0.06 105+0.31 564+76 D 0591001 7.0+0.58 13.7+28 C
10 075+0.04 844016 140.3+11.0 A 073+0.03 58+097 392+65 A
PMDI 075 20 071+£0.02 9.7+039 1147+157 B 0.74+002 59+031 285+49 B
’ 30 078+0.06 95+086 103.6:05 B 0.74+0.04 621054 217+£37 BC
40 0.76+£0.05 9.2+039 929+119 C 075+0.01 6.3+£0.62 18.6+23 C
10 091+020 8.6+058 2114+162 A 090+003 59+059 888+64 A
09 20 091+0.02 83+023 2102+129 A 090+0.03 59+063 77.3+99 A
’ 30 093+0.04 9.0+007 1702%130 B 0.88+002 51+1.22 494+67 B
40 095+005 9.4+0.32 1340+05 C 088+0.02 6.0+057 395+80 B
10 0.65+0.03 81+015 926+75 A 0621002 61+£044 453+77 A
06 20 0.63+0.01 93+0.38 91.0+30 A 064£001 69+2.30 282451 B
’ 30 0.64+0.05 92+0.14 85.0+91 A 0.62+0.05 1561830 249+35 B
40 0.65+0.04 9.0£036 678+62 B 0.65+0.01 86+054 191+51 B
10 0.80+0.03 81+021 1751+188 A 0.75+0.01 7.6+1.15 662186 A
Urea 075 20 0.77+0.04 88+0.63 178.8+123 A 0.74+£004 79%035 519+32 B
) 30 076+0.03 9.3+0.33 1260+83 B  073£0.02 83+042 47.6+88 B
40 0.76+0.03 9.1+036 111.8+118 B 0.74+0.02 8.8+0.65 337142 C
10 094+003 85+0.84 227.0+53 A 090+£0.04 7.3+1.04 866+31 A
09 20 0.91+0.04 794012 218.2+133 A 0.89+0.02 7.6+085 79672 A
’ 30 093+0.06 9.1+055 174.6+12.0 B 0.89+0.02 92+122 532+34 B
40 0.94+0.03 94+026 1428+122 C 0.88+0.02 8.8+0.33 356130 C
10 0.63+0.05 7.0+0.34 563+12 A 0611003 64+040 27.0+35 A
06 20 0.65+0.04 8.0+042 51.0+78 A 058+0.03 641048 154+4.1 B
’ 30 0.63+0.02 881056 42.0+71 AB 0.58+003 6.9+045 10.3+24 BC
40 0.64+010 9.7£053 386+79 B 0.58+0.03 7.7£0.73 97+25 C
10 0.79+0.03 95+259 645+79 A 075%001 62+0.34 436+39 A
Phenol  0.75 20 0.79+0.05 84+053 63.7+73 A 074+001 6.0:057 21.1+24 B
’ 30 0.75£0.05 81x%0.11 54.1+87 B 0.75+0.04 6.5+058 204+46 B
40 0.74+0.08 88+0.37 51057 B 0.75+0.03 5.6+2.38 192+35 B
10 098+0.03 7.0+0.19 1183+245 A 086+001 6.1+043 791+87 A
09 20 097+0.04 8.0+013 994+104 B 090+001 62+070 77.0+113 A
) 30 091+006 7.7+050 834+35 C 090%+0.03 75+1.25 64.6+58 AB
40 094+005 87+053 681+£102 C 090+0.02 62+057 51.0+155 B
PMDI 0.75 0 0.74+0.02 7.8+051 186.6+11.0 0.75+0.01 49+043 60.6+7.3
Urea 075 0  076+004 7.7+057 158.9+147 0741004 74%211 375+32
Phenol 0.75 0 071+0.03 7.2+013 86.2+0.7 6.95+3.10 1.6+0.48 36.0+4.8

b Based on oven-dry volume
2 Based on oven-dry weight
% Each mean value of specimens from 5 replication
Standard deviation
** Means with the same letter are not significantly different at the 5% level Tukey's test.
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Fig. 3 Tensile strength of Hanji sludge-wood fiber
and wood particle composites(PF resin).
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