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2 AFo)A Ag" FA|YEE Sw-BKP, Hw-BKP, BCTMP9] 371%] A=l OCC,
White ledger®] 271%] AABEE ALLdlglow, Z4zte] EA L Table 13 Zt},

Table 1. Characteristics of used pulps

Pulp Note

Softwood Bleached Kraft Pulp

Sw-BKP (from West Coast of U.S.A., Douglas fir, Brightness
ISO 84.6)
Hardwood Bleached Kraft Pulp

Hw-BKP (from Georgia-Pacific Co. In U.S.A., mixture of
maple, birch, and beech, Brightness ISO 90)

OCC OCC was liner base paper manufactured

(Old Corrugated Container)] by 100% Korean recycled paper

White ledger Recycled fine paper

BCTMP Bleached chemical Thermo mechanical pulp
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z+7bo]l A A A (Sw-BKP, Hw-BKP, BCTMP)¢} A A4 #(OCC, White ledger)= valley
beater® AME-3t] T 1L57%NA &FE 7tekxl 42 AHZ 6023 S AT F,
A 25% FEE ¥=33 o] ABE control2 A3lHYl. ©] control A]EE Hobat
mixer(Figure 1)& o]&3& A2 Z+z} 1AZHTRT-1), 3AZHTRT-3)F < B4 HA g
g AAstPon, ol& AXstA] ¥ control AlFE 9} vl s

Figure 1. Hobart mixer.

222 A% 28 2 AFE 53

Axele Qe Valley beaterE ©] 83t 3tF & JtskA] @& AHAAM F= 157%
z 48 AP &, 84F L skl 47 0, 10, 20, 308 FUX THE AT F
A E 2 AFHE IR FEY d52E A7) 938te] Tappi standard T 227 om-92
o ulgl o4 E(CSF, Canadian standard freeness:o|3} CSF2 ®7|3HE FA3 Itk 544
CSFE= BARE A3 ABEE 03% © ABE2E 20T #e2 FAHFAC

223 A+ 4

283 AxelE majxels Zze] A& F Fiber Quality Analyzer (Optest Equipment
A}, Canada)® o] &3t A&, nAE e, curl indexe] W3E HEA st
224 RFE £3H

2 89 B4E(WRV, Water retention value)¥x Jaymeo] HF2)o] ZAsFon, A&

GiE BEsE gozA dANNES BEZHAE FES FEAY F {7 "}E}‘H
e F8 JAg=E Z‘—quP“ Rolth o] APAMEe B FE3 e FzHH(HA
ZzZ oF 19)8 RAS QY= filtering crucible o) &3ta] BI & & 21E3TaA
397145 4000rpm°i 1583 AN | IEde FE9 F& AA4R FF
o sl T 2o o3 HEEEZ GG
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 W-W, W—W
V=g —w ="

o7]A W, = filtering crucible®] FA (g)
W, = 9488 & I filtering cruciblee] FA (g)
W = gAY F dxd 829 FA (9
W, = 9AEE & Axd HE9 filtering crucibled] FA (g)
Ws = 448 A5 L FA (9

A7IAA (Ws - Wagt A& AF Aol I&se FEZFE AT

225 B[ RAH FA

2ed AselE A5 REEY AAAAR DANGY FuY 2IH AAN
FZ2EY 93¢ WA f3t 150meshZ MM FE AASL 25 FF(hot water
extraction)}g % & AHFEEL HF71&ul¢l ethyl alcohol Al E(50%, 70%, 85%, 95%,
100%)2 X]33k t}-& o]& thA] T-butyl alcoholZ X &3t FAHAXE & F HIEHH
22 7)(surface area analyzer: ASAP 2000)2 ©]&3}9] BET method2 H]EHZ(SSA,
Specific surface area)® =743t}

2.2.6 FAHAA AW Z(SEM) # 2

Control @ E& 3 A2 (TRT-3)Z AAZ A& A3 st SEM(Hitachi 3200, 7}&
A 15kV, WD 15mm)o] ojstel Afre) B9 2 ddg BAsGo

227 B2 FA AAAvZ A F

F%273 FAF AA& A H(CLSM, Confocal laser scanning microscope) ##-& 8 AA
28 HAHEL 24X 5 B AR A7 &F, Disintegratorg ©] 834§ 75,000 revolution
o) 23t} 100 mesh $}olo} Ao A & AR FIW 3FE 27 AN 3%

d 89 Acridine OrangeZ 1 /9] FH5 001 g& A5 o] FPrd 38 A= I
AN d8E AFi= thAl 100 mesh spojo} AolM A2z H7Fe] 4B E A
A8 ZFHFE 01835 golojielA wtE NHES & F FF d4d HAHE ol=

i
o

_’21_
Az A AE IS BAEYh oW scanningdtE=E<E cover slide?t 23
ol AL WY wjUFo}= cover slided) 1A A S B3 F horizontal scanning %W
Zto 2 widd HHE Addd A#9 Idd F4E FFSA
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3. 43 2 nF

31443 2 uAgRe As

Eo dgd YR 71AAHA A& et A AASEHLE ZEFE st Ao
zafjoltt ojHEG mEe EA Fo Ut 1 E APEFE H K] Fopdode A
otk AZkA e Afol EH AANE AL W AKE HHFe A% B
azdze IY94 B=7} 2.810mm (Weight weighted length) 2 74 Z Q1 t}go] OCC
2 1.998mm, White ledger 1.659mm, BCTMP 0.889mm, ¥ A#HZE Y59 7%
0.854mmz zZ+Z+ Vel Ed, 283 A8 S AA(TRT-1, TRT-3)8 498 w9 Figure
2004 RE Hls} Zo] AfAe Wile A deldx ggith ol E8d AAHe
5o WAstE opr|A 71X detdte AME AT ¢ AN Figure 394 9} o)
150mesh2 Pl AEL AAG F 25323 HFE9 HA%e Hdx 0 #F&Fo] 1)
S Heg AT 4 UA}. Figures 4~5014 B wie} o] wAdfFe] W=
A3 olRAA R O gaEFe] lH g

=, B2y Axs AAY H{7t controlBth Adfgel #obAA] dskern, HlA

Ao BANAE 2 Aol Rolx Ygkd ol BH AAYA A8 HaEd 2
a7t 2350 Ex9 F88e QU] dEelgn Agdnk £ AFdAM ALEE =
g4 Ay LA AAYE A gL AFEG B AFFo] A @obAA &k
. ol R AFel A4d Tl kX Adfel FEHIN
4.0
—=—Sw-BKP
35 —sm—H w-BKP
’ —a-0CC
—~e=-BCTMP
3.0 | —@— W hite ledger
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Figure 2. Effect of mechanical pre-treatment on fiber length.
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Weight weighted fiber length, mm

Control Control-Hot TRT-1-Hot TRT-3-Hot
water water water

Treatments

Figure 3. Effect of mechanical pre-treatment on fiber length(Sw-BKP
:+150mesh) measured after hot water extraction.
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Figure 4. Effect of mechanical pre-treatment on fine content.
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Figure 5. Effect of mechanical pre-treatment on fine content

(Sw-BKP :+150mesh) measured after hot water extraction.

32 X459 Wi

Figure 6& E8 7 Axgd W& BFE(WRV)Y #H3 s Yeld adzZ2 4 Agrt
APPFE WRVE A5stes 4F%e Holxn gt 53 E4 AANHE AT A+
(TRT-1, TRT-3)7} A @8R &€ A &(contro) BTt WRVZF & AL & & Q. oA

e 29d AAYE Fo] YHNT) FeH WS woigol YR wEpwHe 4
SeThE AME & & AT Aol delNA gon, WAdE B 2 ol
g molx gged ot A4de) 27 2YE FVAA B 23¥e Eol/] 9B
of WRVS) 4+¢ FAAgTn AzES wE oze]l BAH ANUE AT HHo
s4olgtn % 4 gtk

Figure 704 HE& nu}¢} o] 150meshZ vlAEE& AAT F 25353 Fix
WRVS) @ae $A BARE AR ARORTL, RO A4S Fe A
(contro) 2.t} WRV7} 22 AL & 4 Uth oA mAdFY Faglel A=A
20mad S8 oblE Aoy wRan. w8 4atel b 1 9494 0cC
29 WRVE 4ol A vebgont AfFel axndg &2 &4 white ledgers] 73
$ WRV 9] o] FeXAE &ttt 0|22 Hobart mixerd] E2H3g 724 A
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) Fe A

de Adz B2H Yol AeHA 2y dEoz duad. Hy

224 AXY wde A4S FH U 2P £ gom, BAN ANYE MRS

o £#}HQ Be

WRV, % on OD fibers

‘WRYV, % on OD fibers
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~&-Sw-BKP ~@—~Hw-BKP ~#w—0CC —@~BCTMP ——W hite ledger

180

160 | /

140 }>

100 /

80
Control TRT-1 TRT-3

Treatments

Figure 6. Effect of mechanical pre-treatment on WRY,
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water water water
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Figure 7. Effect of mechanical pre-treatment on WRYV

(Sw-BKP :+150mesh) measured after hot water extraction.
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Figure 8. Effect of mechanical pre-treatment on specific surface area.

344 UR NEBAY g

% ATdME FAYE PF AFEHX AAHE FAF L A
4o Wstg dolruA A I ofrE AANYE AN Af
AR ol dodA AAYsA &2 ARFEF € zelE EolA w=d Hls) WRVE
& & Aol Ro|7] wWEelth ol WRFHEHAZE A YR EHH Frlo e
ZAnte dddd. 1 23E IASuA A7 vEEH ZHFE AESAT A AR
gstatz] AT g ST sl EAAT 2 FolA BETEHH S
EF2 3 air permeabilityZ g el M4 A& LHow dEA Unh
BETW A2 ojeidt v EW A& SA3te 7 dntaQ ez dAds 2EoM

X

e YR uEd
_Cé:_

ELI

e A4 FAFT2AL sty FAHAS AASE FHolg. mEgA B dFoAE
R gize] FUsA e AR dYE BA 5] Hsd HHE F71802 AF
& F FAAZE 3l WP or|HA & A FHAL FAHINAGt. 2 A
Figure 8¢4 H = ulg} 1}01 283 Ayl AP, E gUH L Fede g R
olm Yk 53], B AAZYE HAAlg HH(TRT-1, TRT-3)7t H3A &L HAfF
(contro) BT} WEFHH ] & AL & & Utk oA EFH AAYE Tt A+
R geld Wtz wojgel RFEHH AFSATE AHES ¢ 7 U =T
WRVZ A A9} w72 g4 9 White ledger, BCTMP2] A S+ EW A Z717}
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AG5U OCCo) va) 4rjHoz e ARE Bojx ) Figure 9} o] &
¥ AN Sw-BKP HHE 150meshz WAL AAR F 53223 F HHE9
FUde WiE A £ AR e 2IY AAAE AU viny 43 3
Fe Ame 44 WEEDHY 578 ARG Ae @ $7h
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20 }

Specific surface area(m z/g)

Control Control-Hot TRT-1-Hot water TRT-3-Hot water
water
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Figure 9. Effect of mechanical pre-treatment on specific surface
area(Sw-BKP:+150mesh) measured after hot water extraction.

34 FAAAAY ZGEM)] A AFEW L 9 BF

B2y dAgd 42t ARred 294U A9 ¥EE A uA FAAAAY
Z(SEM)E ©] 833t Photos 1~62 Z4Ze] M7k 2213 Aol i) WeH=
AR E Wastuz g3 AAMeE A A &2 Adf(contro)ot £ AHEE
AAE AF(TRT-3)E Hla #FaT. 2 23 B2 AAgo &) HrEde] &
dE3 Aaol BT Ae BESAUG. 2YH BAY HFART-3)= &5, A
AtAl B2 FFgoz Jst] A EHe FHEF HNaHPol AAHANLH, A
FA 42 A f(contro)e}t viwsiE wf EH AAMed ARt gol M2
I+ AAY. ol AL FAHFAARANA AFol FE FHI AdHo] JhEiA
Aol A1 AFED d&EH Ao o3 ofmudxF FEol
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31 )9 microcompression®] VA E 7] w o)

23 AR "}l B3, Photo 604 HE
spsh Zo) BEH ANUE Bl MANY FVEAS As) A7t ABHHOZH A
%ol FA4S F712 A AFY WERH Frhs 469 WRV 2L EHHY F7)
g HA%E Rolgtn AlmDh

— tospm_

j&& um

Control TRT-3

Photo 1. Scanning electron micrographs of Sw-BKP fibers surface.

Jie gim :, 13&* pn

Control TRT-3

Photo 2. Scanning electron micrographs of Hw-BKP fibers surface.
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Control TRT-3

Photo 3. Scanning electron micrographs of OCC fibers surface.

P ¥ 1, 177 159 pm

Control TRT-3

Photo 4. Scanning electron micrographs of BCTMP fibers surface.
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Control TRT-3

Photo 5. Scanning electron micrographs of white ledger fibers surface.

Control TRT-3

Photo 6. Scanning electron micrographs of Sw-BKP fibers cross section.

35 24 FAARAE R B3

AEdFy 7t=dm 8459 SHR/FE TE SA R (wood fiber)2tal 3tH, o] A2
At oz EAYEE uiid. B F9 gadg AASNE SALR7T 2HHH
EAQNGE AEd(cell wal)oZ FAH ow, A¥Ee 1 FAAA wat 129
(primary wall, P layer) 3} 2x}2H(secondary wall, S layer)©.2 FEET. 129 A4 Zo
A AEEG 93l e HEIT AVE FUHEIVIE #A, § FAAF 98t
AR Ar)d 2P o g st AET HOF e S Ho2A 1
atate] vola W HP L A2 G wIdHo g1, R FAL 0.1 im ©]35}o]
o ¥ (inner surface)¥ 2] §(outer surface) 0.2 TEIIV|= o} 2392 M Ete] ulF
A, & Z7HAZ 98 P4E Fo2A4 wF(lamella)o.2 FAAH Ut o] F&

(o]
T
2
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Axe FAX b FAL Fold, 24942 % 35202 FAIEY. AXee FA4sn
Ve FHYE FolA SE4Edolgtn & F Qe AEZ 2 AV AFs o] Fo
A AezA AREnALR 2 + e AHA4Y vlo]l a2 v B P (microfibril) o] ] g o]
AEZo] dat] A HZbol 77k F3] g2 Fo2A 1x%y 1y oJPa 4~
6749 HFoz FAHAT $,F3H Alold o]AF S FEIE ALE Utk AEYZFe
T2 B wdo Qo] FZ(middle layer, S; layer)S wlo]AZ I B Ho) NEZ U
sto] 10-30°8 =2 wids s, BEe FUF FAY A4S 3040 F, FA9 A$ 150
T ol g3y, MEG FAN /1 FAL o2 AA AMETG FAL 70-80%7F
S: 322 FAHEY. S FFH WIAAXNZ S; FHY Aol oYyFE FEIE ALE
Atk W Z(inner layer, S; layer)2 S; 3 Zo] 23] gL =02 A nlojmZuln Yo
AES st Ao HZo 2 wigdEd. Uty oz 3t AYPHE U HR/E
Holl F(erack)e] AB7IA Hi 2 Aol ARG Eo] A{dlA MZE F(lamella)S
FAHSAA F Aol E UL o HAAA gtk o2 M2 F& HAF9 HEe T
AL AR 2% 2R a4y 3718 7tHeA g0

Photo 72 F &% FAIARE 0] Z(CLSM, Confocal laser scanning microscope)ol] 2] 3|
w2 Sw-BKP9| A&l H(contro)# EE]3 HA(TRT-3)9 AE IJTdHE Vb Ao
o 2"AM & Je vkt Zo] E¥H AT A(control) BT £ AX(TRT-3)
g AX JFAL 33 Fol A AF F3E 2 (delamination)’t Aot K
gAY FUHE Hola o o2 A8 AR KAl F7HE el WRV H
FEHEH F71E 7tAKE Aolg Atsdn. ol ¥A #EF photo 6°] At FA
&t

Control TRT-3

Photo 7. CLSM images of Sw-BKP fiber before(control) and after(TRT-3) pre-treatment.
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dvtH ez 37t A=Y FZHRE 2A4FHANDoZN HEHH] Z715 o
AR Aol F7hE 3, Folo A7t AXHE Res g ok Figures 10~ 14%
234 AA(TRT-1, TRT-3)E & AH9 AdsA Fe df(contro)Z n33AL o
WRV, HIZRA, 55, d&3e] 938 B33 AAAE 4N A-H(TRT-1, TRT-3)
o wlaste YEbd 2T E2AM nErt AYHAN d5EE RopAm HHFe FHol

Bolx gtk aEy EEd AAYE 4A
(contro) Bt} 4% @ MS xS 62 8]
WRV 2 H]| F 3 o] §% AL & % Q) o]AL ZEH AAIUE Tarel £ o4
= SN E Fole AEHY 4P Y F AdE /H5AES dEda itk a2y
&<, white ledger ‘;-; BCTMP9] 7% WRVE Z7p7F A5 OCCol| wial] Adid o
2 9E A%e BaFa 9o

A WRVS v EHA L FFsle A
& A H(TRT-1, TRT-3)7} =%

—

AL
ol
ol
X
&2
flo
o to
Jo

2 aTAE S Afdl 894 AANE AR o, 4ae 2
o B3 JANEd 23S F1 A¥E AANEFAY GAUA MHeE He%
Zrzt g9 AT E PGS BEZ7F 2.810mm (Weight weighted fiber length)2 713 2
i ] OCCZA 1.998mm, White ledger 1.69mm, BCTMP 0.889mm, ¥ =gz E
d ¢ 0854mm 2 ZHzZF JElyit

Ol

£
n[o
o)

et 32 o o

2 999 282 9 Xz a%sd e 2o

L 293 dAxge azde dAY ZFA, dAg =4, 474 7 == 2542 +
AES AT &, B dAde AFe S/ g2t 2 HNPE3rr 223A
on, RE ARFEC ARHes 94 F4& ¥ F Jde 2] BoFHEHA
AAGAZA = AFEel ARAA 24 $4& LEF HAFHF &

2. E94 AAYE & Afe AAYE AL HAET FaA R A FokA
A gtk oA AP AHEE S7FA Aol W FFAHY 2RI

3. A AAgs ﬂ‘:‘!v"r He @42 4oz
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