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ABSTRACT

Recently many scientists have tried to synthesize biodegradable polymers due to durable and non-biodegradable
products of conventional synthetic plastics when these were wasted in nature. So to reuse the wastepapers for
biodegradable polymer resources, ONP (old newsprint), OCC (old corrugated containerboard) were carried out by
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the pretreatment of chlorinite, hypochlorite and oxygen-alkali treatment conditions. For manufacturing of biodegrad-
able polymer with wastepaper, this study performed to investigate change of chemical components and optimal pre-
treatment condition.

The summarized results in this study were as follows:

Lignin content in ONP and OCC was higher than in MOW and ash content was the highest in MOW. More
amount of ash components were reduced by wet defiberation than by dry defiberation. Wet defiberation fiber are
better than dry defiberated fiber in chemical pretreatment condition for wastepapers, and the best result was obtained
in the condition of sodium chlorite at 70 C, because it has high delignification ratio, a-cellulose contents and degree
of polymerization in this treatment condition. Oxygen-alkali treatment condition is the worst method because of low
yield, low degree of polymerization in this pretreatments.

Keywords : Biodegradable polymer, wastepaper, wet defiberation, dry defiberation, pretreatment condition, delig-
nification ratio, a-cellulose contents, degree of polymerization

1. M B zat7ldE RFo|ct,

A QAR nER B Are ¥ N9 9
AgrEe F4T vl YERH VY U] F dezg FEL & vt FdzH 24 BEE
AstA Foksln glen, <ol8F Ygxyrie A =3late EgoA A E&7)t o] Fo1XA de W
iR A7 2 uigel & MHm glo] A7 # (Yoshihara et al., 1990), §A+x] E2lxH
tho] &4l B, wYHA HEF FF T B A d YEHAAGQL EFAA £AF EFsA Az H
2 BAE o|AFla slch H2 @§EWMA(1997) ¥ (Han & Shiraishi, 1990), vixj¢te g B4
d oj&H e H7 F ANFE ¥ 26.4%E A 3B A4 AE2oAs) FIEAY T o
st glew, 1996 e 7] FFHF @A P AEHY nEAE Azxde WY (Hosokawa et
45,7958 & Zetgtid, 3% oF 19 23 Ee al.. 1991: Isogai & Atalla, 1991: Suto &
sfet {7 dAEchE Ae o & U 2y Ui, 1996) Fol k. ey #A7x) olad 4
71E AXE 94BEAMY IAE o|&¥ AL 9Y AN DB A9 e Povst 3 ¢ 7
AFo g pALook e F 2 o] gl APaAI} A ¥o § Aol & 25 BANE WES

ol BeFAR AR 9] FE oA 22 L vjgel I glel FF el e At gasd,

od Asn de AFel ATk Had Agaa AAZRE AAENY 1EA BEL HELE
Az WEse e SEAgel BE A7E Me 2 oo E A7elAE ool @ F1x A7 sht
AFE Q7HAG ¢ 5 k. 2 A4 Et F490d A9 BH ARANS

dH HZ gol AW #AF9 BHEEFAY A gAstm olo mE A9 A 2PWIE HE
Frigte] A fshdtA nEAt AVide Y Sl a3t
A7 e BHE AYE AFFeEn 4=

& WA nEA BREA sAT. mEy ol g 2. g 4 gi

ANhA Age] 2gate] BAA ANE o] 8F AR

A DB ARSDA stE Ao A A 2.1 2AXE Y sz

@53 gl WA g 2 Ao FAMRE AEUstn A B4

oy AdANAN YRAEE BAA afzy e AE#HA(ONP. old newspaper), E%5 %]
B @3] 22 - 38H Aoz ooy 49 (OCC, old corrugated containerboard), AM¥-
1548E e A4 §48 284 E&LAE A A #HA(MOW, mixed office wastepaper)&
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Az AETE dS A AR G454 dHAF
71§ ARt Hde YZE A xd e
F488 ¥z AF:E, Vazquezr 59 €5
(Vazuez, 1997)& ¥i¥g whios = T0go &
1,750mlE E3st] A FZFSE 3.8%F %
A% o 2083 FA8lde 200mesh 23¥
£ o83l 6,000mlel FEEZ H/KE AH3
32, Age 580 70%7t 958 FEE 2438
o zA T
2.2 gx|Rel #Ey =M 24

FAAs 38 QA4E FHEI Hetd
Klason® 3 47H84 glad 23gezr gad
g AFR (¥ T, 1995), HAAFY FNE
g2 TAPPI'E(T211-om-80) (TAPPI Test
Methods, 1984)e w2} FaFstdct. A FAA)
2o @538 BAME alditol-acetate® (o] &,
1990)¢] o)Azt F-A8} T},

2.3 Hx|®e B2 &4

AEHAY DEAE Axde de Agd a8
g BBl AEH Fxe FAHPAHA dE¥e
v X]7] @i FAATZRE ZAE A4y ¥
=Zo} FAdE] Yxo] FrIE FAo] WEA] B
. wEky B dFdMEe FAARE HERdA
38kl ok X-ray Fluorescence spectrom-
eter (Philips. Co: PW2400, Netherland)&
AgEte] ZF AR Fe F1E AR BAE P
oA, 2000).

2.4 H2H oFEof ot MAe|

2.4.1 ol aMUERO 28t TXa|

Alg 2.5g(AAFF 71§)& 500mliel HzEe
230 Y3, FHF 300mle o FHAMIEE 1g,
24 0.2mlE Hrbstn 2B oS, A& 70T
o] AggeszoA ztzh ¥hEAAY, 1A 4
22 ofdAAEEF 1g, 24 0.2mlE sk
43 wrEA 3. g F 2G3 glass filter®
o3ste) ZHS, oMHME ¢o2 F¥S A o
£, 105+0.5C AZ7dAM ARAIZ F HaFsto
AHe ¢&& AdsAri(e] 5, 1992).

2.4.2 XojgAMHER 2/F HX2|

-36-

AR 2.5g(AAEFF 71F)& 500mle] A&
254 ¥3, AoldAIEF 494 1.4ml¢ 1%
NaOH €94 ¢ #3ld 62.5ml2 =3¢ & 42
Azl 50C 7teHeE TR 4470 U whg
AZh, g & 2G3 glass filter2 d#dd F
. olHE ¢og 2R3 AYsA. AF F
105+0.5¢C A=7)A ARAZ F HF3t A
g +&& Ay

2.5 At-ebzte| HEsiol off MA{2|

A8 5g(AAEF 71¥)E 100ml €39 bomb
o 93, 6% NaOH €9 50mlg F¢. E¥stn
bombell & Z2714& 10kgf/cm?S 2 dto] 200C
oil bathellA] 2A17F B¢t ¥kgAjZch g ¥ 2G3
glass filter® sl FFF2 FE3I] A33A
o HE F 105+0.5C AZ7AA AZA F ¥
il AAE &€ AU

2.6 Mxast Ao #3N Mo #4Y

AXed Ag5e sy 249E votslr] ¢sid
Klason¥ 3 4784 dad FFHez elad
dFE PP ed, AxeE ANEe @53E 2
A& alditol-acetate® (°] %, 1990)e.2 ¥4
Hok. =& YRAN nEA ARG T A5 3
FA-& APty sldked AA2E AR a-cellu-
lose &8 (e] &, 1993). $¥= 234(¥ %,
1997)% siith, 3F¥E 33L FgEYel £4&
S22 ] MERAE 2A7 F Ostwald¥
HEAE olgsle fvs AEZ oA HEAR
Alatslsdch,

3. g2t ¥ 1%

3.1 ®HX|Fe ey =4

Table 12 3e]l 2 #2328 HR 9 3%
A 24 Y Aol

dutd ez FEAMI dEgFero FAd 9T
AR mia Az o &5 HERe29 &
o] Z71E4E AEHAY nEA x5t golsit
(Hasegawa et al., 1992). weld B dAe] 3
AABE AMEEE dose] d=ze o8] 9=
ol gtz g BMT A, AEAA S FHHARE
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Table 1. Chemical components of dry-defiberated and wet-defiberated wastepapers. (unit: %)

Sugar composition

Materials  Carbohydrate Lignin AS.LY Ash
Ara. Xyl Man. Gal. Glu.
ONP 74.7 20.1 047 47 13 72 143 T 772
Dry? OCC 7.1 149 0.50 75 1.6 84 12.6 T 774
MOW 86.0 12 043 124 20 11.8 6.1 T 800
ONP 79.8 190 048 0.7 13 70 14.0 10 764
Wetd  OCC 85.1 134 0.49 10 10 9.8 64 T 823
MOW 93.8 1.1 043 4.7 12 78 79 T 83.1
1) Acid soluble lignin ~ 2) Dry defiberation = 3) Wet defiberation
Table 2. Ash analysis of dry-defiberated and wet-defiberated wastepapers. (unit: %)
Materials Na Mg Al Si P S Cl K Ca Ti Fe
ONP - 0.28 1.01 1.65 0.02 0.12 008 005 122 0.13 0.12
Dry? 0OCC 0.79 1.32 242 0.04 0.34 0.20 0.07 1.80 0.16 0.36
MOW 283 081 449 0.03 0.08 040 - 3.15 - 0.64
ONP - 0.05 0.10 001 0.15 0.39 -
Wet2?  OCC 0.24 0.05 031 001 0.08 - 0.34 -
MOW 0.98 041 1.54 003 - 0.14 - 1.20 048
1) Dry defiberation  2) Wet defiberation

BestE kel WA Jebhd wbd ARRA #A s
% 10% 3% =4 Jeixgm, fgad §Fe AE
H 2 9t FHHR 7} AARA HAxo viE] A JEebst
o, g AEERE AEAR 70%, FA 2gn
JNAYE 30%8 EFA AxsHe RoZE EEA
glovd, AAYTe HAYZ o] EFuFL EHI
I 40~80%°] HIUE 20~60%E EH3I A
Asim o] 4rle) AIst Jehd ez yzd
o} 98 HE e AR HACAAN A =4
Uelged oA AdeA Axzag B9 dH44
A 2 Hae gL 9dle] ZF FUFe] Bel H
7HE 7 ez AZrgoi(o] - &, 1996). @+
B 24 Futd A AEHR & T 3719 §Eol
E3. AR HAAE AolE22 28] o]l A
el B e AGs B2 EHPUE] =
ALR-A HA e gds BEo EF| o] S
£ ¢ F UAHY 5, 1994).

FH A2 gz o gz deidE
24 Aste A9 ¢RI, f2se] Lo 3%
o] AXsle] Wzo] 3E Fako] HlE] AdlA

a,

o d
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2 FHA AstHe AFel dEET. ol2E 4
g2 g BN FgFe FI1Ec] AAH
A7l WEer AZEn. w2y YEAY 2ER
a7 AxE AT Age FUE $Fe] Ha, a5
BE gFo] YdAHoE B FH F2Ut #e
& o2 A4ztdd.

3.2 HX|Fel 27§ =4

Table 2& d4dal € FH&z dae 2N&
AR 24 A9E Jepd 3ol

ARy nEAE Az dEMe BoldE
Eol AEd FHzl G v|7] W AR
B FAAEY B4R BHo] §lEA] o] Fojzo}
gt} Table 12 ZA#olA sz I3 B 4
Fafe] Byl AAEY] wie Fase] E=
9] BrlAdBe] AAyoz Al gz 2oy
ol vla] Zase] UL-E Y & Ufi. &
3, ¥ ¥Foz st vlavigEMg), T
(81) 2 ZH(Ca) B9 A7t a4ddd o3 F
AaA F2EAG,
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3.3 OIHAMLIEE FX2|

AEHAY 28R A2 9B ©F
FF 7} zolob 3] W o A H§ WEA
3aAQ A FAe] dasd, BF a9 3
A Axg AP o7 R dbgo] giARE &
AyoMe vimd Mzizge] gold didA HAA
2 AL AYH{N F, 1980)3t #ad A
BlET. B dFode FAARE oldAAUE
Fo2 ded 70cAdM FAz FEst gElad
st gy ALE4 wxle] A 2ad
o] Ay AAZE ¥ WATE Jehy 7] W&
old AMMEE 9 Aol 2MUEE HElE kX
%kt

3.3.1 Aexz|

Table 3& 4&cA oldiiERFoZ HA 7
T HAe B4 Axg Jehd ot}

AFHA 2} FHARE LA ol dAMIEFE
2l Ay ad dfEe] #HA Fo #AEdn
slol gelad Bt vehuA] ggten, e
A& a-cellulosed] #F#Fe] F 80%, FHEE

A2 29

©

% 64020.2 ePTE F2lEE] Al e ol A
BHxe AEHAN #gHEH] e AEA &4
ER2oA AREC] B 8% g el 4
ez Fradn, FHdxe gdad g3
vehd Aoz g §8 488 Alage A
2gle] AJEHT} a-cellulose ko] ozt &A
EA Y Aoz dLoMe olgAihIEF
Aele HAR 9 88 A 2A FHEG Aoz
e},

3.3.2 7t2x2|

Table 4& 70ToA otdAIEFOR AH
g3 HAe] B4 Az}

A AMIEECRE X e o A
Aee Az AREY oy ko) 50% AE
Fastga, AR Blad dFge A4 Jew
th olg|g 4L oldAMIES N E Toay
A3y B AEAsE gade] 2&EHYY o
Folgt Azdc A8z ARdME tifEs 2
ade] AAERTE 2y oldhiERSE A
g3 &4 2 A4 ARce A7HEA 2ladol

Table 3. Analysis of wastepapers treated with sodium chlorite at room temperature. (unit: %)

Sugar composition

Materials  Yield Carbohydrate Lignin A.SL" a-cellulose D.P?
Ara. Xyl. Man. Gal. Glu.
Dry® ONP 857 81.2 167 206 819 635 1.7 113 99 T 77.1
OCC 844 84.5 136 191 79.1 650 2.7 154 129 T 69.1
Weth ONP 8738 76.2 217 213 829 948 1.8 11.7 109 T 75.7
OCC 855 94.6 26 284 R3S 1311 1.0 6.4 11.6 T 810
1) Acid soluble lignin 2) Degree of polymerization
3) Dry defiberation 4) Wet defiberation
Table 4. Analysis of wastepapers treated with sodium chlorite at 70°C . (unit: %)
Materials Yield Carbohydrate Lignin A.S.LD a-cellulose D.P? Sugar composition
Ara. Xyl. Man. Gal. Glu.
Dry® ONP 815 850 94 558 792 630 13 10.3 94 T 790
OCC 88.6 86.1 84 551 85.1 632 1.7 104 99 T 78.0
Wets ONP 88.0 94.8 1.1 410 837 904 1.5 116 105 T 76.4
OCC 839 97.2 0.0 2.85 845 1250 1.2 74 6.6 T 84.8

1) Acid soluble lignin
3) Dry defiberation

.38 -

2) Degree of polymerization
4) Wet defiberation
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2.85~5.10% 2&8le o3 Eo| AEAPHE =
AgE & F UAt. FAE] A BE oldaihd
EEoZ 712xgslH e-cellulose 3ol <
84%. 3 =7F 900~1,2509 ANRE d& & A
Ath webd B d7BAe Ag Age Re @
ad g s d82ex FHEE A ARY
& AN, Ase 3 AMele FHH
HAXE 70CoM olgAIEEeR AHEsle A
o] Aol ANYZPNeE AT}

3.4 Mot LMHEE TX 2|

Aot 2N EE(NaClO)2 glade] g vt
Aol it gelad Zavt 3 B2 Wy
T Algrt @olA7] Wi "o gWjekEor
AREE I UTh(E, 1995). 2@y Rolg A E
B2 A7 F AE2 29 Eavt AeA dojuir]
WEd pHE 24¢ g8t s 2 d7dMe
= g Fe EUAR AMEHE AotgihiE
& AHgE FAANEE e T0TAdM 44
dA A

Table 5. Analysis of wastepapers with sodium hypochlorite

3.4.1 dexzl

Table 5& Al AAMIERS AMHEsta 429
A 213 238 vebd zolr

AYae NBE AJolgAIEFLE AIAWS
g Age 2lad dFe vlHe Alge glad
Frch o7t A Vel AdAE Znt elEF A
o2 guEgon, a8 ARe dAd A8
Be}l gelad B9t £33, oldAiiES A
Xzl g vpviA R 3EkA AMEWYgeEE &
#H3 o)z RHT},

3.4.2 712Xz

Table 6 AoldAAUVEFOR 50T A
2% Z#E vebd Aol

AeldaAtEFoR F2A A A Hyse
At 48 ARE 70~85%9 €eladEg
YebAA 9 Table 69 ZolAs} go] ol it
UEE 70C MEo vlEEH Ao=2 el
o}, weba AR R 208 Az A
HA g sed #@Axy FPLRME ofdashiE
£ A2t Aol AN ES AHeRoh ZEQ W

at room temperature. (unit: %)

Materials Yield Carbohydrate Lignin A.S.L"Y a-cellulose D.P?» -

Sugar composition
Ara. Xyl. Man. Gal. Gl

Dry» ONP 86.6 79.9 170 311 85.5 646 1.3 9.7 113 T 778
OCC 865 804 159 3.70 80.0 699 19 13.1 10.8 T 742
Wetd ONP 858 84.1 13.1 2.80 76.1 998 1.7 72 16.9 T 74.2
OCC 86.8 924 54 221 82.7 1497 1.3 113 107 T 76.2

1) Acid soluble lignin 2) Degree of polymerization
3) Dry defiberation 4) Wet defiberation

Table 6. Analysis of wastepapers treated with sodium hypochlorite at 50°C . (unit: %)

Materials Yield Carbohydrate Lignin A.S.L» a-cellulose D.P?

Sugar composition
Ara. Xyl. Man. Gal. Gl

Dry? ONP 874 89.0 7.1 388 84.7 623 14 114 103 T 769
OCC 856 90.0 52 4.78 832 680 12 92 8.2 T 814
Wetd ONP 882 91.2 56 324 80.0 886 29 183 112 T 67.6
OCC 898 924 27 492 822 1398 0.7 79 149 T 76.5

1) Acid soluble lignin 2) Degree of polymerization
3) Dry defiberation 4) Wet defiberation
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Table 7. Analysis of wastepapers treated with oxygen-alkali treatment. (unit: %)

Materials

Yield Carbohydrate Lignin A.S.L" a-cellulose D.P?

Sugar composition

Ara. Xyl. Man. Gal. Glu.

Dry? ONP 50.7 812 3.1 326 859 289 1.7 11.3 9.9 T 771
oCC 502 84.5 53 249 87.1 309 2.7 154 129 T 69.1

Wertd ONP 519 76.2 39 2.11 86.9 348 1.8 11.7 109 T 757
ocCc 529 94.6 08 1.99 89.5 487 1.0 64 11.6 T 81.0

1) Acid soluble lignin

3) Dry defiberation 4) Wet defiberation

Heg vehyt. 3 AoldauEF A i
M= FHEE Algrt A4dE] AlgEtg AA
A7 8 Aoz vehgen, dexziyd 7t
LX27 98 A ez vehgt.

3.5 tta-gbole|EHEsiME ol HXe MH
2|
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AdA gol AHgsle gelad¥olth(&, 1995).
B dAFoMe wrg2A g AeA sto] AXsie Al
29 FA&E Agd ALsden o d0E
Table 7o JeblKiT
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Foz Heg AEY ggad SddMe 53
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28 ¢ glv), @3 E BA g duRda A
2-¢7te] M8 & AEE T a58Ee F
ezl dad oFEQ MAAMGEET Aoldih
EEeE g A v dAdE vede
24 A4-g7iel A dbge] FHSA doivt
Huldgz e ~%al oflg dMEZero Bi%E
A dojdt Aoz AAHn FLFHA &9

]

=

=

K-
22 g w otgaiER JH2A e vl AA
2] E37F dolFctn Addc #H daA HA
el B FE=7E A AdsHe 49 -G

2) Degree of polymerization

7tel A A L BB FY] d5dEo] g
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F2 A vdEhed, oHg ddere F48d
F 2AdelMe] A 2 Foll ddiFe] 780
AAE ez QzEct,

AEHY nEAL] AxE M BHEA] HA
o] ey A7t a7HY, B A7 F3-
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