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Fundamental Study of Manufacture Possibility and
Composition Ratio of Sludge-Particle Board **

Phil-Woo Lee - Hyoung-Un Yoon - Dae-Jun Kim - Jung-I1 Son*?

ABSTRACT

The aim of this research was to manufacture sludge-particle board using paper sludge with
wood particle and to investigate physical and mechanical properties of various sludge-particle
boards, fabricated with ratios of sludge to particle of 10 to 90, 20 to 80, 30 to 70, 40 to 60 and 50 to
50(oven dry weight based). Sludge-particle boards were manufactured by urea-formaldehyde
resin, (0.8 target specific gravity, and 10mm thickness, 1t was possible to manufacture sludge-par-
ticle board as the same processing in the present particleboard manufacturing system. This
sludge-particle board have different properties as composition ratios of sludge and particle. And
sludge-particle board made from 10 percent to 20 percent of sludge mixing ratio have simnilar
mechanical properties compared with control particleboard. Especially, the sludge-particle board
made from 10 percent to 40 percent mixing ratios of sludge have superior to control particleboard
in internal bond, screw withdrawal holding strength and modulus of elasticity, In the case of
dimensional stability, water absorption was increased and thickness swelling was decreased as
increased with sludge mixing proportion, The sludge-particle board made of different mixing ratios
of our laboratory design was able to concluded that there is possibility of partial substitution of
wood particle materials.

Keywords : Paper sludge, wood particle, sludge-particle board, composition ratio, physical proper-
ties, mechanical properties, dimensional stability

¥ = HEnsy FUcAad $9) A7 #as

tiAg Hgolt. mepy vz Sl &
3 goly T 5L Eetd 2ARES) YN EE A
g % gAARz JBATA sk Beol B
£ FART AeH oo Y APvr NEH WA
<
B

AL Uk ol2|g FAle At AT FE
A3kE Ao " 53] 5y e o ol ¥ A o] MR BR ol
A sr el ofgom A Ar1H HHelA M Mol a~vEnh A% oAt g

*]. B4 19934 48 148 Received April 14, 1993
*o A giEn Fg A st College of Agriculture and Life Scinces, Seoul National University, Suweon, 441-744,

Korea



AAE A7 YdoH, 3| HAxlFdoMes =
Al 2d9)7], 1A, BIEFANE & 0|85l B
AHjEY BEAEA dEEs Ao ol
Y= 1 hef o

E dFdA e Bl AxFFNA A EA=
o3l e AR HEHAE dREolgx o
a2 o]&slux £A Aegy st B
= Az rteAde dEFeR FisElr] fsiA
24 E3uged wgt geAl-BEE REE AR
sl3 0 HE 7teAdE B4 HEstnA dAEE
ok A A JdAEA AR ehd AA &A=
AAZIESR Seviet A x]Fde] A7 FAL
(4,922,200%) 9] oF 5%%] 257} Eol g8 Ho
2 FAHY, o8 £ AE FE H7Is Y &
Zbahe Azt g REoly dRoAME A7g B
3 oA 35 T3 & A} olFoialm ¢
b AR AR Fgelu FEH] JdAEE
b oke FAAME AY XHalE S g
e wRoz gqiiEe] £AE Malsta Uk
Aetge A7 &7 59 HEe 2L Aen]go]
o] BT FHES HAAAE Bk ol mig
off of3t Ae] Al 1 At wWe] glojA A=
e WIS A3 YUy A Utk 7k YR
of glojME ole{gh &efx]of g} & ol 8o &
I 10% A Fol AR 2 4E S Pekshd o
72l geiRle] el HI EHHQ o] Bol ofF
AXA g3 v FE 9 Ak

oA 7tA] Feix ] o] &ol A ATFE 7H=H
M EH Dyl A= §ka) o]} ¢
of B3 ATE, 4l o] &
o gz} Fzto #sk AFVE HAFAL, & 5
Bwol Lifx)9] rlpEao] 9§ Talol] &g
5 FEIEG, 12 " g9 A= g
glx]2] ZlRael vgetg BEXof @
& st .o} £elx] o &l ojr FFH Az
Z dojux] E&t3m gk 9 oo A= Sim-
pson S92 Thiel &, 18] 1 Steven F¥o] &
H=je] Eoka 2 vjgsld gt A8 L#HF
oF 8Pl .o, Bradley 519, Ole 5, Nancy
£ Carl 82 2813 Kekki® 7 £8lx9] 98
B2 Fald duAEs Foll w5 AFE 98}
g}, olgtalE Feixel Hr|G o] #slo
James S#o] AAE 3lY 1, Mcgovern 550
olsll &&l &9 BAo g A7t HAEUA gF
ol w} g}, 77hE- R ol g2 4
T olglol] £#x 9] o]§ WkS R Shimono® o
o8 AMEQEZA Hrh, g9 Az, Od

_,,
ufy
o
R

10

A1)
X
©
H o

Ng7pa, W19k AR Foll &3 A7) 28
gk, 18 32 Nahamura?+= A% 0] & o] &-3l4
SHAE JIFYo R sl R HAE = 4
23t A gl #ale] T HEA

ol 4 o] o] ATy} 8l A EA
thaled ohEolx ko) ozt wEE i A4
BE AFA B2t e Aol 949k 2 Ay
WHL olFL o FAY 58 ¥x 3lon 2
Ao g e J3 Foidh £32] Mge=
Azl a ¥ g aEn §3EE 5§ sy
sdzbgofol &17] wEeol 2 AFAN dalA 7E
2] Hg whgol stk AV 4FE A
7ol ¥ AHojr}, e} B oA tpgod
Zeixe] BYAE R AR 74T LA 9
delgel £ wE ReAz A3 FY
olol| 4 obF R AT R aEk ulrl AR Hejoln,
iR g YEE V&Y JFEERE AR L
sto] AR 7hEsichE 2SR H7)EE A9
Hapdol dis) wakel 8-S 7HestAl & 5

-~ P Lo
ool ¥+ 92 Aoz Wit

2. M¥ H A&

1 WEEEAH
L1 238 qEIZ
B A A HEES TU gEERE
Az FAA AEE FEEs Btol #4g
G 8%% NE 25T F ANETVE dH(-14~
+40mesh) &t] A&t ov el US5FF
& et A -ggade] EFE Aol
s
2. 1.2 ’|X| £8%|

B2 Ao AMEg Al E JAXTHY &4
715 Eiate] &) oF 60~70%% AlEE &
ol £EY F¢ BIAAZRE F FpE 20~
30% oA s 718 ALt Sk & &g
8%z Azsld AR AMEE S8R9
Mesh¥-41-& +30(20.43%), —30~-+50(12.60%)
. —50~-+100(17.40%), —100~-+200(20.50 %),
—200028.17%) o 2 vepgt)
2.1.3 &£ME % Rnm

zel®)-ge]E RE AR AH84d A= 8
A5 E 55%)F HE|Fo|u gelA9] A
2 sl 102, A= 10%2] A3tdes &
gl FRAFR date] 10%, ol 428
dE] 2 A FE e Wk 1% A7tstdoh

2.



2.2 MLk

EHA-FE]F Hro FANES &R o
]2 2] v]go] HZ7IFLE 10:90, 20:80, 30:70,
40:60, 50:500] = Al AA St}

2.3 &KX -IE|E BE &i&

2 AP AzF FHA-HEFE v 217)
£  32cm(Zo]) x30cm(&E) x1.0cm{ 57 ) o},
FUE1e I 30kg /om?, %“%}1\1 7F 7min
, B2 150TCE &t BXH|FE 0.8°] IA A
AlstE ‘5‘%}?‘401] o)A oulzietg 2kg /
cm?e} 9t S8 28520 dA A seiA 9t 9
Bl &2 §4 ”"\101] Wi ohHsE e T HIYAE
=3 Axg soe 7 34 v v gut
2 AzetEn), olgtel dzHER 4 HERy
Zol HE|FHEE BE BEEHFo R guti Azt
st ch,

2.4 B0 /R

Azke] 74 M gHR AxE oA-HEF 1
St A oY ol Wl w A F 247
o NS Aol 2 E S Eee e w
AFE 50 £ 3%, 25 15 £3Ce 2ol 25
L Z2ET F R

2.5 MIEM ‘%! t&ﬁﬁ'} '&'ﬁ%ﬁﬁ

FAE] 98 %Hg, I U, &
& ZARRI v A4 m, x4 OVJ "é, A=, A
EHAYE F& Algste 29 A%g gty
A3 ol o} B2 230w HEE FPA.
2.5. 1 HwgsarE

ASTM D 1307-72¢] 74 o8] A18 27} 5%
Scm, SFEEE 2mm /min@ 2 2kzbeo] #d 2 XE]
1ol 2704 HFste] dHa AJHE hot-meltF
2t 2 o Shimadzu Al] Universal Testing
Machine-& AH&-38lod gk =3t
2.5.2 B

JIS A 5089 773l 9& AlRA7] 3lemx5.0
cmx1.0cm, 3HE4E% Smm /min, span 28.8cm
2 Ztzbeol e R 1Y 270 A @ste] Un-
versal Testing Machineg AF&3}e] gutE &3
. NYEe nee olwgos Auld
Su ARG R WEd S 1) 22 Bl o
Az g wgko 2 A gatgdn)
2.5.3 RTREH

JIS Z A 59079] Ao 2l At zhzte| Rz |

itk AEHL Scmx5emx 1.0cmE A Tt
Bt lcy T2 F2o A]W}M o ZHE
3cm 2714 sk 2441 7bo] A & Adlo] v A

0] 10837 Fol Fo] HHe] & AAs 1

E Holly BL F@oE ‘%‘8 o F4

(water absorption), AR, Asao] A7}
A &2 83 wtE 2o

2.5, 4 LIAMZHERD

ASTM D 1307-72¢) F3ol 2j78ld 3 =

wel i delr sFEH% 2mm/min £E2

Universal Testing Machineg Ab&s ¥°f1 =33}

oluf LhAMR ] K2 A ERR, XNF 4mm,

’{}?} Zy‘_o? = 17mm, pllot hole & &2} 80% =2 3}

I OuAME 4le FE ubg A3 S sk o

face ol NUAE FATFLE ¥ 2L WAoo
83 Wk 2 stk
2.6 fREtoHR

¥ Ade EAN s hREug] HEgHEs
EEWL",E% Egeted EA-E|FE B o
g pAnlg o] xlolg dolbr v fste] 7h Al
wo uhz} SAS(Statistical Analysis System) &
A A7) E o] &aled B e M Pty
vl al g Tukey' testiZ 73 #A13dch

3. #R H B

3.1 WL, 2Kk, SHEE
o g Mg e e Se A AEE nee
3480 7.16~7.86%9] BEE Uehylon, 1]
0.73~0.798 Vel FA8ES g8 sl
208 WS 2] wWEel FANE
olst po @
N e EES RO

A}
o]
7 %%01&} ke @_%ME el g
8
3

X &
of '!:43} H]—E{‘Q ?}‘37 7t }‘ZH shetct

._.4

A 451‘1113}. EHEE.E?_ J}Hait‘}: U}}\a} s
urAaled b Fo] cha vl vebidt)
> d 1*1 AR el o] £ 3% (bulk den-
= d5e 8%Yw 0.2g /cm® oln) BE] S

)L
0.17g /cm?® 039&@.

3.2 BEAMR
3.2.1 HimgsaE

e #-#E)g Hee vwgasEes Fig 1 #
Table 201 Yehd vl Seix]-HE]E B =9} dhg]



124 10.92

Internal honding strength(kg /cm?)

s = :
&2 3 f
= < 5 Y
© = e =
& o €3] R

A(10:90) (ECEEEEE Y °

Type of composition board

Fig. 1. Internal bonding strength of sludge-
particle board.

Table 1. Moisture content and specific gravity
of sludge-particle board

Sp.Gr*?

Board Type M.C(%)** Sp.Gr*?

A(10:90)% 7.86 0.73 0.75
B(20:80) 7.33 0.76 0.79
C(30:70) 7.51 0.78 0.81
D(40:60) 7.16 0.79 0.82
E(50:50) 7.20 0.77 0.80
Particle B. 8.10 0.71 0.73
Sludge B. 6.05 0.78 0.81

*! based on oven dry weight

*2 hased on air-dry volume(R, H. 50+3%, Temp.
15+3¢T)

*3 hased on oven-dry volume

a sludge weight to particle weight(oven dry
based).
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Fig. 2. Modulus of rupture of sludge-particle
board in static bending test.
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Table 2. Mechanical properties and dimensional stability of sludge-particle board

Internal

Screw withdrawal

j%est bonding holding strength Water Thick. Linear
Type MOR MOQOE strength face edge Abisrp. Swoveill. Exg/an,
(kg /em?) (kg /cm?) (kg /cme)  (kgf) (kgf) (%) ey (%

A{10:90}¢ 154.9 36805.0 8.5 173.1 154.3 50.3 29.8 0.80
(19.6)® (8661.0) (1.92) (30.2) (23.3) (5.14) (2.27) (0.20)

B(20:80) 159.7 42813.8 8.1 173.6 144.5 49.2 27.2 0.86
(20.7) (4481.6) (1.58) (15.1} (29.3) (5.55) (3.12) (0.10)

C(30:70) 138.8 38164.8 7.4 135.3 122.7 55.4 26.9 0.75
{22.6) (5115.8) (0.90) (11.4) (23.1) (8.54) {3.52) (0.12)

D(40:60) 119.0 37929.1 7.4 130.2 117.1 58.7 26.2 0.93
(13.9) (3045.9) (1.57) (14.5) (16.8) (4.24) {1.81) (0.09)

E(50:50) 94.1 32683.7 7.3 124.5 102.2 55.1 22.2 0.84
(13.5) (5891.2) {1.04) (12.7) (15.0) (4.24) (2.14) (0.10)

Particle B 157.5 32699.1 10.9 173.1 147.2 52.0 30.2 0.94
(15.8) (3456.9) (2.97) (30.2) (18.4) (3.48) (3.84) (0.11)

Sludge B. 20.6 5847.5 0.7 42.8 17.2 71.0 12.3 1.17
(7.5) (3400.8) (0.37) (9.5) (7.1) (5.36) (3.12) (0.16)

a ; Each mean value of speicimens from 8 replications

b : the standard deviation of speicimens from 8 replications

¢ : sludge weight to particle weight(oven dry based).
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Fig. 4. Screw withdrawal holding strength of
sludge-particle board.
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Table 3. Results for tukey’s studentized range test for composition board

Internal Static bending

Screw holding strength

Dimensional Stability

Type Bond MOR MOE FACE EDGE WA TS LE
Particle B At A B A AB BC A A
A(10:90) AB A AR A A BC A A
B(20:80) B A A A AB A A A
C(30:70) B AB AB B ABC BC AB A
D{(40:60) B BC AB B BC B AB A
E(50:50) B C E B c BB B A
Sludge B c D C C D C C B

* Mean with the same letter are not agmfmant y dlfferenr Slgnmcant differences were determmed at the 5
percent level using tukey’s test. the letters have been assigned in descending order according to the relative
magnitude of the mean, but invert order in dimensional stability.

[S™)

o
o
4

—
X

=
o

Linear expansion(%:

: =) = = o m
< x b & b o, w
= o = = = ' 80
= ] &= = J¥e! o
— —— — — ~ pt
< ; © a o 5

Type of composition board

Fig. 6. Linear expansion of sludge-particle bo-
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