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Study on Manufacture of Korean Paper(Hanjl)
Sludge-Wood Fiber Composite Boards”

I . Physical Properties of Korean Paper(Hanji)
Sludge-Wood Fiber Composite Boards

Phil-Woo Lee* - Hak-Lae Lee”

ABSTRACT

This study was carried out to develop the Korean paper(Hanji) sludge-wood fiber composite boards
utilizing the relinquished sludges occurring from the making process of Korean classic paper Hanji.
The bark of paper mulberry(Broussonetia kazinoki Sieb.) has been used as a raw material since past
hundreds and thousands years.

Korean paper(Hanji) sludge was divided into two kinds, the one was the white sludge from the
first stage and the other was the black sludge occurring from the final stage of Korean paper(Hanji)
making. Four levels of the mixed ratio of each white or black sludge to wood fiber(10:90, 20:80,
30:70 and 40:60), three levels of the resin adhesives(PMDI, urea and phenol resin) and three levels
of the density(0.60, 0.75 and 0.90) were designed to investigate the physical properties of Korean
paper(Hanji) sludge-wood fiber composite boards.

From the results and discussion, it could be concluded as follows :

1. In the white sludge-wood fiber composite board, the thickness swelling was not affected by the
specific gravity and sludge additive of composite boards, but among the resin adhesives PMDI resin
showed the best dimensional stability. Water absorption was superior in urea resin, secondly PMDI
resin and very poor in phenol resin.

2. In the black sludge-wood fiber composite board, thickness swelling was superior in PMDI resin
but very poor in phenol resin. In water absorption, PMDI and urea resin showed good results,
regardless of specific gravity or sludge additive, but phenol resin showed poor results.
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3. From the results and discussion of physical properties it is suggested that the white sludge-
wood fiber composite boards bonded with PMDI or black sludge-wood fiber composite boards
bonded with urea resin were made possibly with similar or better properties, compared with general
fiberboard until the addition of 20% sludge into wood fiber.

Keywords : white sludge, black sludge, Korean paper(Hanji), composite board, wood fiber, paper
mulberry, physical property.
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Table 1. Specific gravities and moisture contents
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of Korean paper(Hanji) white sludge-wood fiber composite

boards
Resin Type PMDI Urea Phenol
TargGe: ¥ Mlxe(g/o)ra * war c:::;:tu;;» Sp Gr c:::el::uzm Sp Gr CoMn:)eI::u:;:)
10 0.60°£0.03° 5211076 0.6410.04 5641069 0.65F0.04 590%0.53
20 0.6310.05 594%0.61 0.6410.01 5861068 0641003 6021034
060 30 0.62+0.04 5.87£0.73  0.62%X0.03 5771060 0611003 5441036
40 0.68+0.06 5.59£0.53  0.63=0.02 585043 0621004 554*0.38
10 0.77£0.01 5.9810.65 0.77£0.33 6.031£0.58 0.78+0.02 5.30+0.28
20 0.76 £0.08 6311047 0.7710.03 6.30£0.59 0.79t0.04 5641024
07 30 0.76£0.03 6.4110.71 0.78£0.03  532%0.22 0.78+0.09 5731026
40 0.76 £0.05 6.13£0.37 0.78 £0.05 535£033 0771003 6061045
10 0.9110.06 6.7610.33 0.880.03 6.16+047  092%0.07 5.63%0.31
20 0.93£0.04 6.2710.30 0.9310.04 6171069 09310.02 53414043
090 30 0.94£0.03 6112024  094F0.06 6227021 092%0.05 529t0.32
40 0.90£0.07 5.9910.42 0.9210.03 595+035 092+0.08 520%0.51
0.75 0 0.74%0.02 7.8210.51 0.76 +0.04 7.73£0.57  0.71%£0.03 7.15%0.13

a: Sludge weight to fiber weight (based on oven-dry weight),

b: based on oven-dry volume,

¢: Each mean value of specimens from 8 replications, d: the standard deviation of specimens from 8 replications.

.25 -



of @ -0

PMDIFZ| 130CE H43gn IR 84F
7 4%, HEF2 68, PMDIFA 38L& H&£3t4dh
digra e Bkef/em’2 247 43tk AzE B
EE 2E0*IT, AUEE 6613%2) a2
A £33 z2&A 89

2.2.3 EfEc=o 21X HF ™y}

Buc=o B4 4R ASTM D 1037-87°4)
gAs Ux, P5g, AGAE, FANLYED BF
FEL 24 - BAsg

3. €2 « 1

3.1 4|3 (YE), g8

A A-EAHF BHRES HFH @gd
33238 EANEY Table 1, 2% 2ok B4 5§
BEY HIFES ZEHF06 075 09)° wet U4

L

£A-EQ4H BEB=E 060~068 076~
0.79, 0.88~094, EH&A-EAHHH EFgr=e
0.63~0.65, 0.71~0.80, 0.91~0.98¢ YE}yct =
FulF 0758 W=zB=9 HFL Zzk PMDIS
A 074, 8&&FA 076, HEFA 0.71°%t}
Table 1, 2914 & & g1%e] Z +A4¥e w&
EguFg A Az BE v|Fae ol 3
A JeA gt

EREEY s HAEHA]-ZEF BE
52~68%, FY&HA-EANEF BFEce
77~105%%%, dzEES ¥4 72~78%%A
ot ot ZA&HA-ENES EFEEI Wase
A-EAGF HgusEd o 22 §4€E B4E
g, ol Uut MAEHAE o] &Pd % 'V
Haejae o] FYH dU¢zAL FJEgAT
Z7IAEHE A 98 €34 2o 52 HFNY
A A HE §F 5 €32 2 FFA Ao
2 & Aeln FFg.

==
—_

Table 2. Specific gravities and moisture contents of Korean paper(Hanji) black sludge-wood fiber composite

boards
Resin Type PMDI Urea Phenol
Targg: ¥ rathi,:'x Tgm Sp G CoMn:)el::w(:A) S Gr CoMn:elts\:u w P COMnféi"?%
10 0.63°0.02° 8221038 0.651+0.03 8.12£0.15 0.63%0.05 6.9810.34
20 0.64 £0.04 9.22+0.37 0.6310.01 9331038  0.65£0.04 7.95+042
060 30 0.6510.04 9.87£0.51 0.64 £0.05 9.18+0.14 0631002 87710.56
40 0.64£0.06 1049+031  0.65+0.04 8971036 0.64+0.10 9.70%0.53
10 0.75£0.04 844%0.16  0.80£0.03 814021 079£0.03 9.48+2.59
20 0.71£0.02 9.670.39 0.770.04 8.76 £0.63 0.79£0.05 8.38%0.53
075 30 0.78 £0.06 9.52+0.86  0.76%0.03 9341033 075005 8.14%0.11
40 0.76 £0.05 9.160.39 0.76 £0.03 9.13+0.36 0.741+0.08 8.80%0.37
10 0.91£0.20 8601058  0.9410.03 852+0.84 098+0.03 6.98%0.19
20 0.91£0.02 8341023 0.911+0.04 7.8810.12 0.97£0.04 7.97%0.13
0% 30 0.9310.04 9.02£0.07 0931006  9.09L0.55 091006 7.74+0.50
40 0.9530.05 9401032  0.94%0.03 936%0.26 094%0.05 872£053
0.75 0 0.74£0.02 7.82£0.51 0760.04  7.73%0.57 071003 7.15%0.13

a: Sludge weight to fiber weight (based on oven-dry weight),

b: based on oven-dry volume,

¢. Each mean value of specimens from 8 replications, d: the standard deviation of specimens from 8 replications.
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Fig. 2. Linear expansion of Korean paper(Hanji) black
sludge-wood fiber composite board by mixed
levels of additive sludge, specific gravities and
resin types.
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Fig. 3. Thickness swelling of Korean paper(Hanji) white
sludge-wood fiber composite board by mixed
levels of additive sludge, specific gravities and
resin types.
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Fig. 4. Thickness swelling of Korean paper(Hanji)
black sludge-wood fiber composite board by
mixed levels of additive sludge, specific
gravities and resin types.
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