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SUMMARY

1. Title
Development of Cushioning Materials Using Waste Logs

II. Research Backgrounds

It has been reported that waste wood (logging residues) generated in Korea constituted
about 40 per cent of the total amount of wood used in 2000. It is interesting to note
that waste wood in Korea has been generated at a ratio of about 23% every year since
1999. However, since the practical use of waste wood has been dropping year after year,
fresh applications should be developed for it. Pulping of waste wood may be able to
break a road to generation of new application such as cushioning materials.

Expanded polystyrene (EPS) is a strong plastic created from ethylene and benzene that
can be injected, extruded or blow molded, making it a very useful and versatile
manufacturing material. EPS has been widely used in various ways worldwide, but the
waste after use has come to be regarded as a nuisance due to its non-degradable
characteristics in nature: furthermore, CFCs are used in its production. Consequently,
many countries have introduced laws to prohibit the extended use of EPS. These laws
mean that non-degradable materials used as packing cushions during goods distribution
will be entirely prohibited in the near future. From the environmental point of view, new
alternatives able to replace EPS must be developed for coping effectively with the
tightened demands for earth-friendly packaging by the governments.

For provision against the foreseen prohibition of EPS, biodegradable shock-absorbing
materials must be developed. The best alternative raw materials to EPS may be plant
fibers from woods, which are easily exposed to microbes and thereafter decomposed in a
soil. This implies that the cushions from wood pulp will be regarded as
environment-friendly materials, differently from EPS. The fibers produced from mature
woods are too expensive to be used as a raw material for making cushioning materials.
Therefore, waste wood, which has little economic efficiency in Korea, can be treated as

an optimum raw material for making the cushioning materials.



In this study, a cushioning material was developed by a suction forming of virgin pulp
fibers originated from waste wood. Cushioning materials from waste wood would
contribute to the increase of the economic value of waste wood as well as being a
substitute for EPS. The new cushioning materials made of waste wood would be a direct
replacement for and a good alternative to EPS cushions in this new era of environmental
awareness.

For making cushioning materials from a pulp suspension, the suction forming method
without wet press was applied, which left lots of voids in the inner structure of the
cushioning materials. Finally the physical properties of the cushioning materials were
compared with those of EPS, which would lead to the confirmation that the

biodegradable cushioning materials had similar or better properties than EPS.

III. Experimental results

Environment-friendly cushioning materials were made using an expansion
method as well as a suction-forming method from waste wood collected from
local mountains in Korea. The waste wood was pulped by thermomechanical
pulping. The cushioning materials manufactured by expansion and suction
forming were a circular type and a plate type. respectively. The TMP cushions
showed superior shock—absorbing performance with lower elastic moduli
compared to EPS and pulp mold. The circular-type displayed the best
performance of shock absorption when cationic starch was added in 20% based
on the oven-—dried pulp weight. The shock—absorption ability of the circular-type
cushions was extremely increased under atmospheric moisture content, 8-10%.

Even though the plate-type cushions made using different suction times had
many free voids in their inner fiber structure, their apparent densities were a
little higher than EPS and much lower than pulp mold. The addition of cationic
starch increased the elastic modulus of the TMP cushions without increasing the
apparent density, which was different from the effect of surface sizing with
starch. The porosity of the TMP cushion was a little less than EPS and much
greater than pulp mold. As the TMP cushions were recycled, their cushioning
performance was improved with less bonding ability of recycled pulp fibers due

to fiber hornification. The thermal conductivity of TMP cushions are a little less



than EPS, but it was clearly confirmed that they could be used as insulating
materials. Finally, it was confirmed that the TMP cushions had great potential to
endure external impacts occurring during goods distribution when used for

packing.

IV. Practical use of research results

The technology for manufacturing cushioning materials made of TMP from
waste logs was successfully developed, and thereafter the patent for protecting
the intellectual property right on this technology are applied for protection of
intellectual property rights. After taking out a patent for the technology, the
technical know-how will be transferred to any company having a capacity able
to produce environment—friendly cushioning materials with further study. For
public information of the research results on the technology of manufacturing
cushioning materials with TMP, some of the results will be presented in

domestic/international symposiums and technical exhibitions.
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5) vl B1] 87,1499 §1)=9 7] F(26 476+ ) <7+ 4 (273 1/E)

6) 278 (1% 4,827% 91)=77] #(26,476 ) <714 (563 91/%)

7) W7d7k2=E= COs CHy, Np O, HFCs, PFCs, SF69] 6%

8) S-#rteh 247k FulE o] 33%8 A AF, 43%5 WE WAUTE T BED A5
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Abete] HRAZEE e ¥FE 54V AAHoRE §83% T AAUS
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Polylactic acid Cargil, Chrnopol, ADM
Polycaprolactone Union Carbide, Novon International, Bio Plastics
Diol/Diacid4] PET Eastman Chemical
PHA Monsanto
AR =84 L8R} Rhom & Hass
Em Pac, Novon International, Evercon Inc.,
AEA A}
Natureworks
&5 AR Eehay 2FA 2 A TG A H)10

3] A} =7}k T 2 A 45
) 45 5=, 954,
Novamount o] e ] Mater-bi | H&+PCL9] Zo)me A
Bio—plast 45 5=, 9454,
Biotech =d , P AE+PCL N
Bio-pur 587
Solvay 1l 7] o] CAPA PCL gg, 8=
Zeneca ZFHA Biopol PHB 45, 4
Polyester
Bayer 9~ BAK1095 y RR=
amide

9) Biocycle, "Industry Overview, Moving Towards Consensus on Biodegradable Plastics”, March, 1998.
10) Biocycle, "Industry Overview, Moving Towards Consensus on Biodegradable Plastics”, March,
1998.
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A Add mzbA] AlEe] Hzx FE 2 7HAE BES7] flste]l 2ol e o
l=& A8dn dirdor ad g9 % Ves TR AYsta, =7

S AAE EE AEe 3ol AE&Hr. o B e A ol A
%) %24 (physical impact) & 258 &F°] Hx 7FA] 9 A

HESL7] 9ste] 1 #4848 F58 F A+ 4= A (cushioning materials) S 9|

stoh, AA 7 dE] A e dEaAEs U8 x G 2F 2% (expanded
polystyrene, EPS), # & %

F7F ol AR vk zeiv dESd E2F LA g qrAZE A AsAH
A oolE diAlE] flgk AA EE #Ed AU FAHAAT FEsAE kS
T ST Aes Zde AT obH7bA NEEA @ dvh 2 FeA TG de
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ol &sttt HIAME BEe F ST TS FoAst] flske] ¥ <dStE(expansion)
2 7AtA ¥ (suction forming) WA o® A (cirular) L HA(plate) FE2A
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European Union: A Horse or a Camel? Jr. of Industrial Ecology, 8 (1-2): pp.4-7.

pp.170 A-175 A.
12) Castell, A., R. Clift, and C. Francae. (2004). Extended Producer Responsibility Policy in the

11) Hanisch, C. (2000). Is Extended Producer Responsibility Effective?. Environ Sci Technol, 34 (7):
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L 98 A7 Az 2 24 24
11 A3 E o] &3 E7|AEZ 9 52 A=z

B

AHA A A ] AExshs AAddEta ik Eah) stedo A Aol 15 cm W]
o) HFA4F(Pinus rigida, Pinus densiflora), 3 YW5-F(Fagus multinervis, Quercus
acutissima, Quercus variabilis) 5= < 25x25x10 mm i7]i 23 & tolA X~
Bl (L 7] &)l A 120-140C, 3-4 kg/em’® 28E3F 3 F JIFtxza g uoly
(A7)l A 223 ettt side A+ A== ¢F 650-700 mL CSFOﬂ
oo B2 AX7|(A"EZIADE ol&ste =39 HA £& AP AE Easto]
s Axstdth 53] 535 o]&g BA A HAA BA aRE 3017] 1
of FHiol NaxSO3 8%(H+it AT HF 7|5 At § vholA|2~H A 303t

O

ﬁ
N
N

r
l

A =S FAE AR 2T s A L #AFey] Yt AFE Metso
Aol Kajaani FiberLab Analyzer, 5% Carl Zeiss VisionAt2] AxioVision (ver.4),
Olympus BX51 #3t&w| 7, JEOL JSM-6400 A A& n 4 (L E)S o] 4319

12. 98 Af9 24sx =4

A/ ABE Aol AdsE WES dolny] gkl A el

A2 A5

AR =S BAET. 243tE B4 o= X-ray diffractometer (Bruker, GADDS)
S AHgshsla AAste AME 984 GADDS®] EVA Z213& o] 833

4 2 uEA d9s AAs] AT VIEHS 20-18°0 0L, dd AR EE 7‘%3
s WS 17 2014 BEe vpel Zo] XRDE Fete] Aozl AERe o AF
st gz A JdYel slEstE A Lo WA C1y 2 WA e v
d 9ol st A9 WA ORE o] MEE(%)E UER LT

Relative crystallim’ty(%)zyx 100 A

o] 714 Cl¥ C2v AERQ2°] AR e FMdA dERZexve] AAste 32

13) Sarko, A., Recent X-ray Crystallographic Studies of Celluloses, Cellulose, Structure, Modification
and Hydrolysis edited by Young, R. A. & Rowel, R. M., John Wiley & Sons, 1986.
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(peak) F W7} A H7] AZst= 28 Al d(starting point) Al H& dA43sle] o] &
AAXNET AAHIE T4 Alold HAH JHE WS F3lH olE WHo] AE
RO A7 e AA d9e Wyoly HbhHo AE AZAMY A FHS A
Aslo] vrEo] Azt go] zte WAS Yu|stal o]z AER e o HAA Y
o2 Hgdrh

b2

2

=

—

ag 2. AERe~ AHfe ZAsSE =4 W Cl+(C2=crystalline  area,

A=amorphous area.

13 95 AFe d&8 44

2 Ago dxgd 3k 24 AA WMI=E =337 98] Thermal
Analyser (Labsys/DSC141, France)& ©| &3ttt &4 Af7F a&oA EA48
AE AR AXWA A F27F Wty o] Afe dits] S0 dakd Ao
2 oA EH, ol& dRAVE §3to AP om AT

14 98 A9 Ree 54
A7ABE H e THATES dolry] 9lste] H 4k (water retention
=
=

_/,:
value, WRV)E A3t WRV= Z

: Z A oF 40 gE MY F A =&
AAs] 1 g4 vro] el 7]el ¥al 3,000 rpmoﬂ?\i 2023 A& sk
Ztzke] A8 ARE5EH 2dd FES AT F oA 3,000 rpmell A 1023 ¥ €
Aigsta Z4zte] FAWDE S48 § 10623Te] 2=olA dxdz=Az & F
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AW)E Z4etedeh. Wx 44 WRVE Az A% T wgs w2g
(%=(W1-W3)x100/W2) 2 Al4teted WRVE 7Al14EeF ).

15 93 A da w4
WA 2 A o] 8T dR(AUIAEE A B EdS SAA#
I YgE fI3 AHEo EAEE AE dolHry] ¢3de] ICP spectrometer

(Atomscan25, TJA)E o] &3t A4 AES AT dAAY RS ARV
fste] Y= Al® oF 02 g& FAE A HNO; HoSO4HCIOs = 10:1:4) 25 mL= &
FAAIZL = No2 AHAE o] &t IALE Fgetal ofdL HFA o= 100mL7}F &
Al g Aste] ICP spectrometers o] &35t e 4o S A =Fst
H 929 dFmg/L)e AAFTHF AR FAE #Aekste] ofgle] A& T Y
o] FXx(mg/kg)E Attt

A\
o

Eiay

k>

N0 AR = g/ kg) = — - (4 2)

C=34%" 929 F=(mg/L)
V= 2dd g9 HF FI(ml)
Ms = A5 A4 T3 (g)
2. A% 4 3
21 95 A7 == &

a9 32 dUAE s o ® Axd guUit AYF AREY A 984S B
A, OF 4¢ 5 FEHE Axd Ut Zuy 249 dujyd JdS RAE
=

% 30l A Hi= wpel 2ol Aiso] glypold AElet e VA AHEs v
AR A gl it dd A ?—Oﬂ glapoly 2 s stel7] wiel A
7ol BAHA Bkt AR AeSAVIE SHAT VIAZZ 79 Aol

o]
2 H A (ength- Welghted mean fiber length)2 2.01 mm%ith. =424 A
4 952 AEE d5 AFES N ZAARFEE A

L
BN ok o rf

=

i o =
, B O ARE

14) Soil and plant analysis council, Inc., Soil analysis handbook of reference methods, CRC Press, pp.
219-214, 1999.
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a2l
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oft

(mg/kg)

490 1068 192 2691 8665 2853 N.D. 182 149 64511

£ 7. %8 ol Fasel A Ake TR L g9

K Ca Mg P Fe Mn Zn B Cu Mo

(mg/kg)
AA 2 | 491 1156 166 1006 7863 3375 N.D. 10975 11.31 4332
X
b ﬂﬂ; 186 1007 193 733 6811 N.D. N.D. 11650 31.03 8784
LI =
Goo | 912 4790 400 2843 20157 750 N.D. 14886 7041 27231

%8 ANARZ Af Wl FaEol A FAE TP
Ni Co Se Cd As Hg Pb Cr
A&
(mg/kg)
?\ﬁ_ﬂr N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

e N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

Al A A N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

E 9 BE 2 TMPI HHel At FEE ¢

Ni Co Se Cd As Hg Pb Cr
A8
(mg/kg)
?\ﬁ_ﬂr N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

=3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

A A 2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
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A2 A AT B 2GS ol &F BAAF A A

A7IABZ A B FES ol&dte] AAdLTLAME A=zt fstel 149 73
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WAR A H7H(%) 20 30 40
3 Al 5= (kPa) 1870.68+105.19 2731.28+259.02 3675.97+361.69
A& (%) 189.93+25.01 162.33£26.10 145.60+23.27
40000 : 190
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2 4170 ®
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Starch addition ratio(%o) on OD pulp fibers
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E 18 E A &8 Ao 2o e Bd & 4
U AR H7H(%) 20 30 40
&38 dE
2 7} 2H(0)" 0 10 0 10 0 10
e Al 4= (kPa) | 742.14£165.56 | 754.10+61.40 |1353.01£25452{1243.414103.50)2730.93£190.31 |2201.15£112.95
TMP
A8 (%) 131.87£1543 [ 165.00£27.71 | 111.60+5.11 | 162.13+2896 | 11213491 | 144672460
B Al = (kPa) |1870,68+105.19]1204.39+60.12| 2731.28259.02| 2231.19£76.51 [3675.97+361.69|3411.27+214.75
=52
A E(%) 189.93+25.01 | 197.13+30.56 | 162.33£26.10 | 1888743258 | 140.60+23.27 |151.13+24.88
* Addition ratio based on wheat flour weight.
¥ 19. ¥ AEI PVAS Zgo] w2 HA & HA
U AR H7H(%) 20 30 40
PVA 7} (%) 0 10 0 10 0 10
A Al 4= (kPa) | 742.14£165.56 [ 1118.60+116.28]1353.01£25452| 2477,61+140.9 | 2730.93+190.31|2949.43£176.64
TMP
B8 (%) 131.87£1543 | 151.00426.08 | 111.60+5.11 | 155.87+2960 | 11213491 | 10587+2.56
kA Al 4= (kPa) [1870.68+105.19|1155.19:11754| 2731.284259.02{2302.62+ 1858736 75.97361.69| 4126.24+32.36
=52
A 8(%) 189932501 | 181.40426.22 | 162.33£26.10 | 169.20+33.12 | 145602327 [159.07+26.99

* Addition ratio based on wheat flour weight.
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(vh)

a9 160 AAdrzAe] =gl w2t 4F - AdAGE TMP A+ b 2 A&
20% &8 A& 10%, (W) ¥ A& 30%+8&38& A& 10%, (vh) 2 A& 40%+ &
g HE 10%, (2h) @ AiE 20%+PVA 10%, (vh) 2 A& 30%+PVA 10%, (¥}
U AE 40%+PVA 10%.

_58_



hodp 2 TEE YT T W
Lo @) W oo & o Ul

o - [ ] l
R Mr,_afdlq roﬂﬂrﬂ‘lj_
£ frEsz el
= Tz O BT R W
z WX M%ix LT o A
RPN oW ox o
T & oo e B W
H - b anﬁaﬂl@l% omM
o X MJIi%uEAmMo_EﬂLuM
_m %j? lﬂmﬁﬂ
T : X <~
S pra S Bes
x ® 2 memwridw]oLa_Eﬂ
T odo un_/AEu;ﬂmaﬂ%
BN FEY T o
o~ oo m ] " KB JJo ~ o o 22
B T Bil EEEE L
- o%W auj,ﬂufe».aoﬂgeﬁﬂu
T % W TR o o E
TR g Hﬁﬁ/mwfﬂhL@mené
= o ° H oox ! X
waueaf iz %WNHT o»du%ﬂwzn_,

o~ X0 (gl

TR R N
RS oA = W T A
TS DTN - T S
R A R O I
N I(A ];:i o o ol
=~ o . E_Lﬁo_ﬁl%@n%ﬂﬂm
N RN FARE T e o
B~ 8 T o Bow g ™oy
T WY o X =T RE o o =
—~ do R g F2MNT N TE PR
+ - L.UOEJ: _,T._OE f—
TR do .M e oo o P w
ne» ™ s MR T R T TR

st 29 18, 1y 19, 18l 1Y

S

_59_

o

[e]

=90
==

20-21°1 4 vrEb 23 g

-
it



20> TMP Aol = A& 20, 30, 2831 40%E H7istal # A& A7) 10%

i dw 3
of slgsts S8l8 WETN PVAS 7M7) dAdnzA= A}%a}ai—g— AL g A=
o] gggol WE BgAS Wats a2 vEepd Zolth a"oA B e
vpel o] ghggo] Frhghel uwhel @A S Aacte AS o F dL
W, & 0% = BARIA ] Ut wAglel @A AFIE vl zek A e
wuth BE EPSE Axd WE =i BAASFE 400-600 kPa Yol
=, W7l o] 8-14%= 7MY gl oF 10%% dHdA BA &4

o
Aol @4 AFE EPSO ©@AAge Hlua & Favk s Ao .
g0l 10%S A-ANA D e HIbo] AS-E BAAAT g2 voAu
4 AR HubEe] 20%E AAEJS W P w2 AT E Btk o]
3-8 dEolut PVAZF &7 #H7tso] Az $E2A
O*E} ol WA AFaA BAdAFTE F 800 kPa =2 EPSE vHE

SaAe] dAASFd vste] thA wA SAEIAT o3& TMP A< &7
7}1?% AFRZAJD E Ao FS 20% Froz wol b Ao niEH
o= Hlth uEhr <toz HUtEE AR A S FolWA WA THE

o
=
Ho
N
>
ro
o
o

2
2

I

14

e Ars) B Wast vk ey oF 800 kPa $E9) B4
AAE EPS Rule ohih "olx7]e A9k =823 933 1)
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#0200 s WEel wE o] ke TMP Hd g4 ddAs

e
0% 10% 20% 30%
W AR
20% 742.14 467.92 2449 174.99
30% 1353.01 793.56 389.04 216.08
40% 2730.93 1604.38 788.82 232.94
E 21 Fg sl v W AR g8 Aol WrkE TMP Bd 9E24 9
B 5
=
9 AEF 0% 10% 20% 30%
g8 A 10%
20% 754.1 439.55 26441 181.3
30% 1243.41 788.14 469.63 205.3
40% 2201.16 124777 763.05 462.26

22. & Wste] wWE 4 HEd PVAZE H7ME TMP B 5449 547

4 B

e

g A 0% 10% 20% 30%

PVA 10%
20% 754.1 439.55 254.41 181.3
30% 1243.41 7838.14 469.63 205.3
40% 2201.16 124777 763.05 462.26
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3000 : : : :

—— 20%

7}

(3]
=
=
=

Elastic modulus (kPa)

a9 18, g mE TMP 3 gZaAe] s A Wk 3 (20, 30, 40%)
Z

[
=
(=]
(=]

1000

Elastic modulus (kPa)

0 ) | : | ;
0 10 20 30

Moisture content(%, wt)

19 19, gl e TMP 3 3449 e A wish 9 H1(20, 30, 40%)
of &8 A 10%(F do FTF 715)7F H7be 45



3000 T T T T T

—— 20%
oo 30%
L o 40%

(]
>
>
=]
[
|

Elastic modulus (kPa)

g 20. g wE TMP 3
of PVA 10% (¥ A& FF 7]

¥ 23, % 24, 13 3 25+ HRd E O dE, 838 AE 2 PVA9 2&
HEAE E338te] Hrtste] Axst 3 dFaAE ol 58 AdH stolA 24
AlZE o) =E:AIZ § AT E AT S UER Aot

¥ 23-259] YEld A3 gES nwpgo® slo] 1y 20 @ 1Y 218 ERo| ¥
A 20, 30, LEa 40%E HrEstar E AR HUbE] 10% sideteE &8 A
i, PVAE dAdRzA=Z AMES A bE AR g8 e adA5E 1

ox
Ho
o
X
i
_(‘EL
o
poy
K
o
=
Y
N
N
XN,
frt
o
r2
f
BN
2,
o

= e
orel 3 207 3 2114 & 10%014 TMP Aol & i 20%E H7he 7

T BAAFE 46792 kPaoll 1, 838 A =

439.55 kPa® 7 A7 vEit. =

kPaZ TMP A+ Buh vl A vepsteh mrebd ol g9l 54 /s 9%

FARZA H7h 24L TMP

of @ A& Hrbdel 10% 4=

1o o
oo
o
oo
N
Mo
o
(et
]
ol
o,
rlr



E 23 5% Wikl mE W ARel Y 2R B 43249 WAL
Fre
0% 10% 20% 30%
0 AR
20% 1118.64 784.82 475.26 301.37
30% 2477.61 1706.79 586.57 423.87
40% 2849.43 1924.86 842.18 680.98
E 24 W5E Wstel e W ARy §u§ Aol AE R BA FaAe
B4 7 4
Tre
U 0% 10% 20% 30%
gag A¥ 10%
20% 1204.39 844.64 651.54 426.27
30% 2231.19 1243.28 786.6 575.65
40% 3411.27 2093.13 1128.32 672.33

=i

A% PVAS] A7hd

28 4 $F2A9 @A

£ 25§58 dsl ge 2

Z[:
T
R 0% 10% 20% 30%
PVA 10%

20% 1155.19 315.92 629.27 460.48

30% 2302.62 1454.52 1042.64 624.19

40% 4126.24 2212.74 1524.27 832.79
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4000 T T T T T

3
T

W
[—]
>
>

Elastic modulus (kPa)
[\
[—]
[—]
=

—
=
=
=

Moisture content(%, wt)

21 Serge WE 52 i gadAs sk 2 A 220, 30, 40%) A

Elastic modulus (kPa)

Aol gAdAG sk " dE(20, 30, 40%)° &

a9 22, sgol ut g
gl VA d =4 B I

a8 i 10%(2
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Moisture content(%, wt)

2320, 30, 40%) el

=i
=

7he A

3|
-

Z

PVA 10%(d A¥e F%F 715)7}
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A3 A AZA B AAGAE o] ST HAd dSaA AF

1L A&

Aol Zg BAl AN WAHE AR (waste log)s FHHC] BE
(saw dust)olt} R(chip)oz Az Hol AR 2w e 9rw ogar 1y
ad oz wASE AANE FHT W e vge] el ofF shgatel o
AR wEel ulg wel shze] AU BA A7) wiel HAe A
Fgo] W$ ofele Ao oAAL Ark webd AZAY A FAE BEY

of W AP A&HoZ o Tl AW Fe AAAS AMHA Rsn 9
= Aot

B ATedME 234 #H Al
gow AQFANY HAANE 7AEZEE F A AxE A= AREetazt skl

o dAdE AFoA #HA ARE 9SS 23R FAYE7](single-screw
expander)E &3to] WAUEAA AFAAE AxsATh AA AFe ZEstE 9
M= Ar E4E 7HEAE J87] skl D71 238 (thermomechanical
pulping) & A3+ T

HAA AFES BAANZ W AFE Abele] AdS B3] st AEH dE
o] & =47 A F43] k=38 retrogradation)’t Y EHA HF A A 9 %%701'
L5 9439 77 98 st S5 aAe A= Sobstd A AT
T 3 STIANA AT A4S e S AR AT oW
R AL O R FH BE Agdets wjA S slr] wjite] ¥ EE o
g w9 2 e 4l "k wekA gkFaAe AT b A el YA
FAEE Zo] wg- Fastth Aol HUbE HA SFihA] FgrEES 9-12%
To 2 FASHA v dsaAY WesAdS FAS77E v o E it

o]y 3 ©HS FEFY] YME dFLAAMY AR B BAGE WA 7
dAld W2 (vacuum-forming process) 2 A 3te vl At A EH WA
AEe] AHgo R Qdte] dFArt RwetA Srtste As WASH7] fste] A
Aed S JdAs oz AP F 5-10x A= A¢S 7tste] AF dgde £
stEl HaFe] RS AATY. d5e S A¥gd SFaAE AxgAE AN T
BHAd 432 A (plate-like shock-absorbing materials) 2 "FEolZ o), A 3327
of m7HA R HRE dFAAE AxT dok SFAAE T AREY 4
FES P77 St AE BAEA A (starch)S AR&sHAIRE o] edk HF
< wed AW BRaA 2 A A 93T & F e AE gl HUbET o
ol =g dSAE Fes 2dskA gveth 94 A AG vEep o] AR
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ForAd

HolgEa1
2 o] Folx gt}

o] Aztow olFolA Qtt.

A o] ¥k~ (control

s
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=

=

I (single-way suction forming box),
drainage),

[S]

g
40 mesh =7]9

.

B o)) =

T

3

o]

¥

3 (vacuum pump for
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i
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T
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L.
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Drainage tube

Single—way suction
former

Two-way suction
former

Drainage pipe

A+ A} (plate-like formmg box)-4 Ak 40 mesh ¢folol7l H-&H
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S Azl Yol Fol2Ad AR Hrbe] wE nFE] HFL I =

A7b et 9Rd gE2A Al k

© 40 mesh ¢tolo] ol A =7] o

AA = FEHE etk AR sk A8om Aisel gholo] E(hole) AbelE

AUt E AS HA43A717] f38Fe] 40 mesh®t 20 mesh 9FolAE

Aut. o]# 3 gfolojzt AlF glo] ALKH o AMGHW AR mPRo] FHH o o}
<t 5 &

BN
ofo
oX,
of
ox H
D)
lo,
oM.
o
o
ofj
[
2
lo,

lo
=
>
\
N
[®)
(]
3

@D

12}

=
i
e

olofs] Py A =
B =, 29 59

2
2 ARt Aol WAl

= R

9 a5 L A ZEe soloje] WA mvle] wet = e wid, 1Y 26
e spojoje] WA A7lel W2 Hf BRES @S e aezolt shojoje)
WA Aol =7h AAW Hfe RFET SARAAW FAFS o] W wF aA
orokeh. webA B ATelA ASE AP AR AP R sholofo] w2 A
# BREe] Aols AAEL AYAT G5 FEo| glojAE 2 AolE etk
=, spolofel WAl 277k 20 mesh W W57} g G DA 45 LA
o Ax AZF BEe] sbssl Atk webd Al F4AA F9e A7 299 o
@, GAZ, AF Sl wAE el Wl 27] Wiel sholoje] WA F7b Ae
Ae A ol v @ oz s

4 &A= B2 ==(pulp mold)olth. 19 279 (Zhell vEty Sl wkel o] &
Z Bt 7 S AlEE ST AY EdoE SaMA, olF =7 s
WA 2R 279 (Whol o] AFEF B 7EF AuA AlF 27 de] AMEE I
Atk 29 270 YERY e uke} Zo] 3x sre ¥ EF 52 &4 ug
T8-S Ak 51 dleld g% wA dgas 4P g A (forming box)ol| 2 ¥
Az dAgdof FEol U= HFe Z& Y (suction press)¥ A ek g4 H
AZAA e AYEFS St Hx BE= 2AE ulg AEd dF 2% (dense
structure) &2 = o] glo] ¢F o] glil, 5F S St TE Erxo A A7

=
28] F7H{ree space)s FASE=FH TrEojortt oF FAOIY FFo] F EF
ah L
=

44 AR AL A
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" Dewataring pipe
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AP AANA 3% HA Hx dElS ¥ 5 g2 3 AxAzls W Had @

TaAle AA ol gadEn AAFQ AV|UFExMR)E FaskA] @i dA AR
FA AT dojurA AlF o] ZoEA Hnt ol g AEelA g A F2
2 press) Aol #g¥™ 2 193 (densification) Aol Yoy} dEF4A %
A YWEZEEH FaE5°] #HAEoZHN %% 5= (shock-absorbing ability) <2
FAARol AHAA "o g 9 dx Fetel EVFH S FA AR e A4 W
st 93 s AN Y A8 AR AdE 2HE ot S5 AaAe =4
ol A %1301 AFFA A A Bt A, F HEE HATo R FX3E Ao $E A
Aol WA Az st "ok woF FAVE A2 dFaAE AxT wees dFPuts
of FYEE HZ AR dgde FFS oA AT F+ 9
% 318 SFAaA Az AMEE A FEGA Y] AAEES UERAT

_75_



T | PEATE

]

4 |tAReE o

& | VALVE
| DAL O

Yy

ASSEMBLY

F1.J1_.00

DRAWING
NAME

DRAWING
NO.

a9 3L SFaA Axs A gdAe A=A,

_76_




4 FAS ol & GThA AxE A HA= AAdEa 9ikA g
2h) sl A 7ol 15 em WIwke] HHF S/ (Pinus rigida, Pinus densiflora), 3t
5 (Fagus multinervis, Quercus acutissima, Quercus variabilis) 5= ©]-&3}%t}.
ols i, Uy HIAE FzZststr]elste] oF 25x25x10 mm A7 2 A
B F chol A AE (WU E)NA 120-140T, 3-4 kg/em’® 283F D3 F A
g3 oy (e 7))ol A 2&3t A ste] &€ 7] A8 Z(Thermomechanical Pulp,
TMP)E Alzxstadtt. #AdA1e sidAl siide] Bl wep A e & =
F7] W&o AFe o527t oF 650-700 mL CSF I =% 4353

A2 7HE dEl AR EE dFAaA HE AR IS 4*“% Wi glo] AMAE
NA Aoz ZFlE o] &= Aotk TMP X% iAo 952 F9lH7]
Aol 9 A& & F SF2AE Axste] 29 A5 EAS Blusith Azt
A TMPe W =71 3 273 22d], 344 9 AAA dFs Hasetr] 9t

aL
o erzre) @ Fabssa wATE AA S,

rlo .{01.

w27 AAe] w9 =4

X oFE oFE It (%)
NaOH 2.0
x4
H>0: 2.0
Fw ex: 80T,
pH 75
A =7
¥ A1ZE 60 min
9 Fx 1%v/v)
THVNES P Hie] dd e 7.

T AE W grdsoly Qe o] Aol xgd w A de FAMDF7}
WA gk, o] 2]dk FIMDES] A &8 oA o]E Wonder BlenderE ©] &3t 7
Aedgt & ST AAE Axste] 4P, dFET TS EASAS 19 324
b A 2 2z RE o)l TMP Fx A9

(
w4, 283 (Y AMDEAF AAaE A6 ndE

ind
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(th) #A BTMP (th) #IMDF

a9 32 fEaA Az o gH Al He ARE.

wA Az 2 AT oF Aevx= E]-L}O]Lﬂe o] & 0}04 :‘aq—ﬁ—ﬁ]r?}
T olE 3% E=EE MUY HIAE o] §ste] AxH TMPS 4% g1de] o
F A E7AIEE A AT dite] FaAddEvteR s AR Aol g
oFa}7] T p

E=(DS) 0.06%1 Yol ARGEAY =S A9 Zﬂﬁ%%bﬂ st 0%, 10%,
20% 1e]ar 30% AH7bstArh e T aAl AP AR FYetrlel SAA oF
80-85C %o A 20-25%3F 53} (gelatinization) A 7] & 1% = 3] A5t AL-&3F T}
Aol S HZ A5d2 AR ZAA ] @A FAH 7o A wntr)

& o]&3ke] 800 rpmel A 13t el A A o] &atdth. o] wighd 3% A== A
A °F 50 g, 75 g, 18l 100 gol ¥ =% °F 1,670 mL, 2100mL, ~12]3L 3,330
mLE Fsto] A GEA ¥ F FAaA(AH) SsaAE AFstadn. ek Azt
of WE SFAA] E4 WstE dolrR 7] fste] Y AFE 10-60 = HH(10x%
AN A WA A SFaAE A8

AdE dFaA4s o 150TCY 252 7Mdd 3715 $£3715 53lo] 9524

0= 1087 A FFAA dFhA FE e A FEE AAS F
Az 2 E(drying oven)ol Al th 7] el o] $5&(5-8%)7FA1 A XA AT

Azxd Sz 1S g oA ot ddd mAdFER 45
A7) el AME T AE S uhEE et AR FEHE FGA gy Aol
AT olef st THES HAsy] fste] 3t 1% HAwERoR SFTAhA HAHS
33] wrE ZAbo] A (surface sizing) A E 3 T dE2A9 EAHS =AU
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Gelatinization il 1% Dilution of
of Cationic [Moelatnized Cationic
starch starch
Disintegrating wastewood Making up Mixing the pulp suspersion Farming shock-absorbing

Materials wsing the

3% pulp suspension I::' With 1% cationic starch Het-air Macuum Farmar

using of digestar and I:;
Single-Disk Refiner

u

/m Drying shock-absorking

Materials at 105£37%C

Measuring physical

Comparing the data with {] P ; Surface Sizing
roperties of shock- {] . X )2
Those from slyrofoam abeorbing materisls wilh starch

_— A

29 33 HAAE o] &3 ST Alx A

¥ 289 Atk 2 A& Az
obE 7] 140}04 bzt ol

(suctioning time)ol] w& =
H A TMP @deefol] tiate] 10-60%2 H <110

<
o] A7MFE 10% % 1%
o

S 7&2‘)011*1 et AIZHE g st 2 Azt

HZEA TMPol g ol Ao AA du &3 FolAd Ao H7 el
e A B HstE dolry] §ste] ol AR HIFES 0% HH
30%7HA 2% FA SR FIRAIA HTEsETh ol Aol HkE w AT =
7 stell A SFaAE AxsH7] st #HdES AlZH(suction time) 1022 1174
=

¥ kA TMP= ﬂllﬂom e EHE oS FaAT o] ofste] AdtE 7
AAFER olFolA Jornzm X 2LEE ol&std urIdee $48(5-8%)7HA
Az 5 s3td 1% 1%%9&3; dsaAe] WS 19, 28], aglx 334 &
ol &sto] WALl A E ¢ $ Az EAWEE F4 - vt

HAAAE o] &3t HFLANE Ax F AFES F9E F5 E‘i‘i%@ o] 2k AA)
o] BAd v JEFS e se] NaOH 9 H.0.2 27 2% H7F 5 pH(7.5)00 A
1 hour &<t WHEAIA ¥ TMP (BTMP)Z Az ozl &5iAel v xw TMP

A S I 5 A= A A S TS

2 Az Hojxl fFaAe] WA= adAFE H
Aol gk B4 vluE 9kl FolAd AEES 10%, 20%, 18 il 30% H7Fekslth
JAMDFE 982 sto] gFaAE Axs7] A= HAdeEs Abe 1022 2
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okl Folend ARG 10%, 20%, 123 30% H7bsle] BAS wlw - w24
3t At

Fol24d A& | FWAIA NaOH,
HAAIZE (sec) ) .
(%) s Hy00 (%)
10, 20, 30, 40, |0, 2, 4, 6, 8, |0, 1, 2, 3
50, 60 10, 12, 14, 16,
TMP
18, 20, 22, 24,
o] = D) 26, 28, 30
A8
BTMP 10 10, 20, 30 NaOH 2%
H202 2%
10 10, 20, 30
MDF
# EE AVFFH%)E 959 A TFE VTR STk

8% TMP, BTMP, 1283 MDFE A}-&38}%t}.
ZAALo] A A elE TMPolwF 2 85 ),
T e TMPol vt 285 Ao},

m B o
rlr

9 34 g2 mdAteld Aol vis) bdks] A skE el

(" a £ N £ Drying -
Starch cooking Suriace sizing E} |||ntn|-w|mn $86.180 C |

83T, 0ml3% ) | SWTEHEN-83 Drver105:3c

w7 Ho}oi TMP 95 F%<] 10%
& F A Zﬂﬂ}ﬂ glALol &
q 9

of AFet FoleH MRS Wil Az 9 A
2@ F 7 A A5og BFaAe AUE 9 S5 2hee B4 W
#5 dolugitt

FFaAd WEAe wlas]l fF war AUE Qe wgA AolzAld



Alkenyl Succinic Anhydride (AKD)S TMP -2 A7 T3k thste] 0-1.0%7F
A H"rrste SFaAE AXRSPL, eSS FAHSY] fstd HEFZ FA47I
(AMS-2001, v 2A|=8)E o] &3ste] HE2S S48

34 ZAAAEH dFAAY BEY A
gz aAY 2L SAST] fsted RS E(drying  rate), WAE
(brightness), & X.7]3 = (apparent density), % = (compressive strength), & &

(restoring ratio), ®HA A5, 18] F = E(porosity) S S 3H3

TE SEELE 292~ Ohausrte AsdFE& =% 37](MB45) RS232 71101‘3‘9“
Este]l PCO stolHE W Eol| AAste] 3
AEEE SAHSAT. a4 WAEE=E 0= echmdyne*}-% Bnghterlmeter
Micro S-5/BOCE °] &3}

%%/\ZHQ] 7417]‘?4_‘5% | 2Fet7] 91 s Al

£

ol s 1%8}021 % H

Apparent Density(g/m”) (AV:/-I-A) (A 5)
T 5
W = Weight (g) of a shock-absorbing material
T = Thickness(m) of a shock-absorbing material
A, = Area(m®) of a top side of a shock-absorbing material
Ay =Area(m?) of a bottom side of a shock-absorbing material.
HEA AfFE olgste] AxHoA dFihAY 248 A st 24 &+
2 71(TA-XT2i, Stable Micro Systems Ltd.)E AF&3tth wheF dZ4AA7F £3
EES B3] S e oY $4S S5cke Hlold d5E S Aok stEE v
T S GFAEE AYoF gt B 4 F5 T dsaAY 4% 55 o=
Bk A7) i A HdE= ok shr] wiiel A Wl e As
L 7bAelr & Ao® HAT webA WAL B4 FA el AEH FEES 54
&, ¥54 5 (kel), 8 AT kPa)th =4 E SAHLS A 5P = o

M w2

5]
o &% AstEE(loading  speed) 2.5
mm/min® H$ W 30 mm/mine. 2 sttt B ATE AESH] fste] A 8H
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ol

AFaA e FFES A7 fEiA dFAAE e S WHeR WA
HE=2A4S  Euj(embedding) A AT o ZE A9 (?':]'_%?_ ol 812 (Epon 812,
Polysciences, Inc.)9] 72 ZA3AE FFEuAd<2A2HDDSA, Dodecenyl Succinic
Anhydride, Polysciences, Inc)¥} —r—r‘]ﬂ%b}‘ﬂ(MNA, Methyl Nadic Anhydride,
Polysciences, Inc.)o] A& Hu A3riEAl2= DMP-30  (bis—Dimethyl
aminomethyl phenol, Polysciences, Inc.)S AF&3I3ith o] # 812 100 go FXd
MEEAAE 112 g& &3 A} o F 812 100 gol FHwEyy 75 g2 &3
= WEo] AR Egste]l ARgstglth Ado]l Fo] Sojrti Al FA7F HF=

¢

[e)

os)
=

HA Ha BYo] Fo] Eof7kH o FA7F dds] Astgith F oS O EFHgE
243 & AT FNE)S FXA717] fste] F £ H o] 1.5-2%°l s E et
7h48kA] DMP-30S H7tste] w#dstAl £t 7HEsiAlE Hrke § e
B Abgsto] AEl = 35ToA 12417, 45Tl A 1247, v eto & 60T ol A 484]
st 77t Ffol dojuEE WA S A THUVES XAbste] TAAE €. X
W E F A= v ReichertAboll A Al 238k §] Ad who] 2 ZE (HistoSTAT-820)<
o] g3le] F 20 pm FA v A BHS WE 1% Toludine Blue &0 A A A
i, AAE 9ES Olympuse Fedn S o] &ste] vl AXS ok
g 359 7F th). =249 @ Al G2 Carl ZeissAHGermany) 2 Axiovision
44 PR Zm e ofste] o|xlst FAH(LE 349 U, shHoE HIE F S
A g ol dFete WA o] FF(voids)dl FEHERE S A ZE e o35t
°olE WAHS 73 F AFaAe FFES ARSI 19 359 (Wh)eF () #o
A (A 1) o Fhs AR AYAA S o 5w kFAA 9
T E(porosity) & A WAHORRH AH7E AFAA Fe FHFF)O] WA
o] offe] 2 (6)3 ol AT F 3

A, — A,
Porosity(%) = ——— x 100 (2] 6)

A; - A = Area occupied by voids.
A = Total area.

AAY FSES 59 AdelARt 20 m FAC] @S SPHEAA Gl HH
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36 T dd A¥

=
A7 AE=E AG=E Tl

T g2 dHdEEE F457] Ha B dAFelA=
ISO 8894-1,201 718ke] & A== S471(QT

M-500, Kyoto Electronics)®} &
Aol BAw E5 Probe (PD-13 Kyoto Electronics)E A& 3le] dAEEE =A 3}

Jth EAE F471= 0013-12 W/mTCe AWML 3 £3%°] AdPS zherh =

2B A7 72 95 mm, AE 40 mmeol™ Al T FAH HEFSsE T2H
FHLe QAL 528 dF(glass fiber)ol 2 T #0] 1 mm<e E~%E(constantan)
dMo] FAEo] Qth. dAEE AlFES ] 10%9] Fol2A Lol H7tE TMP
AS2AE AFste] AES @i B o]l A7A] ZEE 100x50%x20 mme
A7|2 A3 T AAE ddste] dHdEEE FA4sAn =3 A A& F
Hol 2Ewsle ogt F4 Ao oats: HAgelr] 98l Al 2EF 20-23T
2 dAsHA FA ddem  ofe] A (Dol ZAste] HE& TR
(SOFT-QTM5EW) 2.2 A E=S A4 ee)
N=K R In (t,/t,)/(T,—T))— H (€S

A P EHEE(W/m - K)

K, H : Probe A%

R : Probe 3|1 &9 Aol 7] 4 &(Q/m)

I D7 AH R (A)

t, tz 2 AFE A7 FRE ] AZHs) (¢, =30, t, =60)
C

Ty, Tz ty, tyo1 A9 &%(°

\
B

Aol 7P & BAL o FHoERE AFS HEshs Bloth oyd $4L T
Y3t T4 Al BAE L, o)gh A o5 AF] = F AT A
2 AR S Af dat ’\1 A0 Ad F AE Ax
SaAe] e FEs ¥e F KS A 1011 £F &9 YsiAg 5 A
23 4= EPS (Expanded Polystyrene, =¥ Z~E]
Al wE 2AE s, W ogsh, 1Ea JE ek
o 3

FaAel e §7 2 Fege gd 5
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=
=

w2 &4 F-Z(porous structure)
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NFA4L 471 9

]

AX Agel Fw AolAA Hu, A% Az
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1
.

Al =

719

Jo AL
weld Zwo)A

AolA 7HE Fad as

Fedl oA we S8

713

]

bz

TR

)

7vet=d)

3

o -
= %

7%

ERE

T

<
SE a9 B4 AF(kPa)et W (g/cm’) o] o).

A =

e

.

® 29

(suction time)oll w& ¥A A4 (Elastic modulus)®t 22X 7] % (apparent density)2]

e}

il

T

o

(pulp mold)®] &} H AL

L o
==

oz Bkva
= —

(styrofoam) 3}

s AEEE

Aol

o))
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i
o,
ol
[
2

Suction time (sec.)
Wastewood”
0 10 20 30 40 50 60
Elastic modulus(kPa) 245.50 [560.08 |635.03 |718.20 | 787.81 |767.84
S.D? 22.34| 15.75| 12.98| 5.75| 3.15|17.34
TMP
Apparent density
(g/cm’) 0.0781 0.091| 0.109| 0.112| 0.112| 0.118
S.D. 0.005| 0.007 | 0.008 | 0.009| 0.009 | 0.009
Elastic modulus(kPa) | 941.28
S.D. 26.90
Styrofoam ] N/A
Apparent d,%ensmy 0.028
(g/cm”) ‘
S.D. 0.001
Elastic modulus(kPa) |1767.79
S.D. 40.40
Mold N/A
Apparent dsensity 0.292
(g/cm”) ‘
S.D. 0.012

Y Wastewood means TMP, BTMP and MDF respectively.

? SD. means standard deviation.
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- — = Pulp mold

—— TMP

—_— Styrofoam

(;wo,8) Aysuap juadaeddy

40 50 60

30
Suction time (sec)

20
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il

Y

N
e
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!
oF

i

BRI
o o
X o
ok —
~
i e
B
S &
" WE
)
= o
Ew
W <
el
Nl
N
— 0
0
7 K
OLO ox
T AR
o) T
—_
X
4
;C.O q
TIE
G
w1
o
* o
X e
T o
"N
o
o o
,uA.U M.A
=
~ o
0N

JER A

KN
=

=
=

7}

7}81A

=
)

Aol BAr7] drevf

N

w

el
o

¢

el
K

el

—_

A R

1
.

A= AEel A<l ®l

Fol A= 2l

S

Z(low vacuum)

o

%A o] AW =

=]
5

12 srol rF A el vl

5|

A

Campbell & (Campbell’s force)©]

7

i

oA Aow WeeEvhls webs TMP

o] Al

60]:

—_
o

°] 0.3 g/em’e] H

i
2

—_

;OL
=3

i

oF Alzke] Wigle] wal 0.08-0.12 g/em’e] WEE s oz ~EZ

24 9 #2 AHE Azdd.

A=

9]

of Hl

Fol 2-49) A= © =LA

5|

15) Adamson, A and Gast, A.P., Physical Chemistry of Surfaces, 6th ed., John Wiley&Sons, NewYork

(1997).
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Atk wEbA FAAR AREHT]

Zow o
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file)
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o))

7He

=
=

TR ZEA 2

™

ay
°

(2

(computer case)®] ®AAIF7F oF 941 kPa=

3z
=]

wE AER
glo] TMPRE Ax¥d &3x2A ol H

(¢F 1768 kPa)ell H]

s BATH

bl ¥ =2

3|

o= 3

e g e

Z}
2}

#

A

9|

A TMPZ Az = o]

npe} o] HAA TMPRE A| %

Aol A TMP AA7F glads o

A Q7] wiEell Az (Rough Vacuum)<

!
NI
o
o

o

ToR

e
B

oj

F Campbell® (Campbell force)©]
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16) Adamson, A. and Gast, A.P. Physical Chemistry of Surfaces, 6th ed., John Wiley&Sons, New

York, 1997.
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422 AREHA Vo] W& #H A TMP, BTMP % MDF ¢4 41¢ &4 W3}
A (starch)& A A Eokoll A 7} o eliset gl 713 3y A A
o] & A o A
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sttt ey AR FF o] AXAYESTAAE HUkeHA @i &%
7=k 318 3} (excessive consolidation)E FIIAA S5 &
oo maA AR JUF FEs A4 A A g
d AR AU BE dFaAe B4 WgtE

H 24 TMPE 922 3lo] Alzyolx &=
7F A W kel Qo] WAL gAts ZHow TMP A#E
& AbEste] ®W A sk AR 3]

o
(Bleached Thermomechanical Pulp)® %FEoix 44749 71&9 n &9 TMPZ
] =)

D A R >
ol

L to

%
0%
>
i
%
o
i
fu
)
PN
X
T
I
N
2
©

o

Am= o] Az AFiAe] A4S vy
10%, 20%, 1L 30% %ol HES H7bste =4

=4 W
EL A el AAtE = Al R e(fiberboard) o] th -

S A sHEE A
3 (Medium Density Fiberboard)s #&-% 3% Weols ZAst1A MDFE o] &
stttk ol AakEl= MDFE L 9871 242 033 484 da54e &4
24 o]5& dAdete] @AY TA JHAAE HIsHAY, 1 wrel HAA 2AE
EgeEA Est, Astrzl 5A B AES wekth meA] H3AE sk A=

o]zl TMPe 18x40] FAIER F83] d5a49 982 o grbssirta
#déte] HMDFE 98 = st $E2A42 A%t AMDEFE A 28317 s

of A4l 7](Blender)E o] &3stol TMPo #AHS A4 HaE A8t &3

17) Neimo, L., Papermaking Science and Technology Vol4 "Papermaking Chemistry, PI and TAPPI
Press, pp269-288 (1999).
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A MDFS s34l TMPE QE% dhe] 95448 Axd u 2z dEaq o
shol Aol AAF Dol vhskel 10%, 200, Lelw 30%9] %ol e AL
of B4 WalE Fobrgivh

E 300l AERED mmste] AGREA Fol &4 AR
A TMP, BTMP, L&]al #MDF&
o ByAS e UEhit
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Cationic starch (%)"
Wastewood"”
0 10 20 30
Elastic modulus
(kPa) 24550 | 439.20 | 546.52
S.D.? 2234 | 1429 | 17.69
TMP A o
pparent density
(g/crng) 0.078 0.082 0.086
S.D. 0.005 0.005 0.006
Elastic modulus
(kkPa) 51.40 | 33543 | 387.06
S.D. 491 14.27 7.72
BTMP A don
pparent density
(g Jem?) 0.084 0.089 0.093
S.D. 0.005 0.006 0.007
Elastic modulus 1142.7
(kkPa) 353.82 | 527.14 )
S.D. 7.99 34.33 58.67
MDF A o
pparent density
(g/cm‘;) 0.167 0.174 0.183
S.D. 0.010 0.011 0.013
Elastic modulus
(kPa) 941.28
S.D. 26.90
Styrofoam A P N/A
pparent density
S.D. 0.001

Y Wastewood: TMP, BTMP and MDF
? S D.: standard deviation.

* Based on OD pulp weight
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X 32 959 FYF e 2 gAY 24 W

Cationic starch (%)"

D)
Raw materials

10 20 30
Elastic modulus
98.07 160.84 222.29
(kPa)
SD.? 3.45 12.92 12.85
50 g A dons
t t
bparent CEnsiy 0.079 0.080 0.081
(g/cm’)
S.D. 0.005 0.005 0.005
Elastic modulus
207.70 263.05 334.71
(kPa)
S.D. 5.40 20.43 3.34
TMP g
Apparent density
3 0.079 0.080 0.082
(g/cm’)
S.D. 0.005 0.005 0.005
Elastic modulus
245.50 439.20 546.52
(kPa)
S.D. 22.34 14.29 17.69
100 g
Apparent density
3 0.078 0.082 0.086
(g/cm’)
S.D. 0.005 0.005 0.006

Y Raw materials: TMP.

? S D.: standard deviation.

* Based on OD pulp weight
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: 87791(1983).

19) Hak Lae Lee, Jae Young Shin, Chang-Heon Koh, Hoon Ryu, Dong-Ju Lee, and Changman Sohn,
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its effect on paper quality and the papermaking process,
TATTI Journal, 1(1):34740 (2002). p.87,January (2002).

18) Adams, A. A., Effect of size press treatment on coating holdout, Tappi J., 66(5)
Surface sizing with cationic starch:




Ao oA TEEE dFaAMY 3W 27 gE2A gH4E = 9Jrh2002D
AE=2A9 FHAolAAEE A4 TMPE 4852 AZxdH Sd=42A4044 7+
100 g)oll diaA ka2 A9 oS F&(roller)E o] -&3to] 13], 23], 18|31 33 A
Aol 7 BAL MnaNT Foley Awel ®W RLRS Fuol gkl oF 36
g/m7t HE= st
¥ 332 wHAbeld A & gAY BA
1

3% 330 YERY Qe ghee Aske A

rl

19 4590 YERG whep o] swAbel A Zlge] #AQle] EEV|UE] Ao
7b FslekAl vEbskaL, Bgk xWAbeld AP E st golAd HiEe M ws)
of g ARIV|YLET7L FUFSFAAN S7HES A Ut ol @FaA EH
st dak Aol M & FolA Aol xW Tl sl EW P (coated
layer)< @Aste] 22 xWAteld o] FHEE XYW IS F3 AT xWAFL
oHA Hol g2 HE(thin filmS FAFoZHN Ar7|UEe ®g & £<l

A Fdel A

2= A7l Aom ®elg, ey A dgde Hrtd diEe] o] oA
gtz FHAbeld Ao g FARIV|YE A5adE 3 (Nod coating) & A< 3]
e gk 2 gehdA stk ol felA AF @ whel o] dak mwAleld
o7 FAE FHro] o]F o HEH AR BEAE IFEEZ Wesr] WESRE AL
sHT

20) Jaarnstroom, L., Lason, L. and Rigdahl, M., Modifed starches in coating colours, Nor. Pulp &
Paper Res. J., 10(3) : 183-189(1995).

21) Raven, A. and Strittmatter, G., Cationic coationg calors - a new coating system, Tappi J., 71(12) :
141-148(1988).
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Cationic starch (%)"
Raw Materials
10 20 30
ElaSﬁ(Ckg;()’dumS 24550 439.20 546,52
) sD.Y 22.34 14.29 17.69
No Coating A * densit
pparent density
(g Jem®) 0.078 0.082 0.086
S.D. 0.005 0.005 0.006
ElaSti(Cklgg‘idums 260.07 46691 562.59
Once S.D. 14.89 11.78 12.98
coated Apparent density
(g Jem?) 0.084 0.087 0.090
S.D. 0.005 0.006 0.007
TMP :
ElaStlkarg?dUIUS 271,65 48157 571.13
Coated S.D. 4.45 10.53 26.98
twice Apparent density
(g/cms) 0.085 0.090 0.091
S.D. 0.005 0.007 0.007
ElaSﬁ(Ck;g‘idumS 27678 49153 580,78
Coated S.D. 4.34 19.84 23.20
three times | Apparent density
(g/cms) 0.087 0.091 0.092
S.D. 0.006 0.007 0.007
V'S D.: standard deviation.
* Based on OD pulp weight
a9 460 YERG bRel o] wHAlolA Ao} ol e MUt Wl
e SFAaAe @A M3E el Aolth mHEAlelH A el S whEglo] ule}
A7 SIMet AR, 19 459 RRV|EE Ao 2 A Fgls 2ol E
YEt A &= skt 28y auAbel AHE Sl BAGle] FolAd HAE HIE
S SV wel &F A SAAAGTI e EA ST e R HAE HIbel uw
2 g7 ddo] wlg 7 Aoz yEelyth oA Age biep o] yide AP
TAE Y gHALo] o o] &¥ HEE Aol Ajto] FTUetHA SF Ao ©AdA
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22) Booth, G.L., in The Coating Processes (J.C. Walter, Ed.) TAPPI PRESS, Atlanta, 1993, Chap. 3

Sec. IV.
23) Hoyland, R., Howarth, P., Whitaker, C., Pycraft, C., Paper Tech. Ind. 18(8): 246 (1977).

24) Gess, J.M. and Rodriguez, J.M.,, The Sizing of Paper, Tappi Press (2005).
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F 36 AT FAFG ALE Sl e 2R 2R W

D Cationic starch (%)
Raw materials

10 15 20 25 30

Apparent density
0.093 0.093 0.096 0.098 0.100

Control (g/cms)
sD.? 0.003 0.001 0.009 0.008 0.008
A t densit
T qst | CPPAETE OIS 0089 | 0088 | 0088 | 0.091 | 0.093
M ) (g/cm’)
P | recycling
S.D. 0.005 0.006 0.009 0.005 0.004
Apparent density
2nd 3 0.082 0.084 0.087 0.088 0.091
) (g/cm”)
recycling
S.D. 0.005 0.004 0.002 0.010 0.006

D Raw materials: TMP.
? SD.: standard deviation.

* Based on OD pulp weight.
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Cationic starch %)"
TMP
10 15 20 25 30
Porosity 6 7791 76.36 78.52 78.32
Control
sD.Y 1.44 1.01 3.03 2.01 2.67
Porosity 80.86 80.37 81.58 80.39 80.78
1st recycling
S.D. 1.03 3.72 1.12 1.15 1.78
Porosity 80.96 81.70 82.14 79.58 81.29
2nd recycling
S.D. 0.78 1.18 0.41 1.34 0.43
Y SD.: standard deviation.
* Based on OD pulp weight.
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side SD2) 115 0.80 092

BTMP
Bottom- Brightness(%) 22.49 21.90 22.85
side SD. 0.83 1.10 176
Top. | Brightness(%) 1033 11.22 11.97
side SD. 0.54 0.50 1.19
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Bottom. | Brightness(%) 1218 1354 1435
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Material Cationic starch %)°
aterials
10 15 20 25 30
Thermal
TMP conductivity 0.0497 10.0517 0.0512 |0.0522 |0.0534
(W/m - K)
SD.V 0.001 0.002 0.001 0.002 0.001
Thermal
conductivity | 0.0876
Pulp mold (W/m - K)
S.D. 0.005
Thermal
conductivity | 0.0374
EPS (W/m - K)
S.D. 0.005
Y S D.: standard deviation.
* Based on OD pulp weight.
T
Pulp mold
0.08+- =
)
E
— —— TMP
% ----EPS
b - —— Pulp mold
z T 7
1
= !/*}‘I/}/i
= L
=
g
= 0.04F J
E """""""""""" Strofoam (EPS) 7
2
0.02 1|0 1|5 2‘0 2|5 3‘0

Addition ratio of cationic starch on OD fibers (%)

9 55 AE I ] wrE TMP 94249 dAdxx W3l
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