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Discussion of New Evaluation Method on Recovered Paper’s Quality (2nd report)

—Changes in Pulp Fibers by Recycling Treatment—

Chika Kawabe, Masato Saito and Hiroyuki Fukasawa

From the viewpoint of effective paper-recycling, mixture balance between wood and recovered fiber

is of great importance. But we think the evaluation of deterioration degree of paper quality via recy-

cling is more important than the balance. To evaluate the deterioration degree, the mechanism of the

deterioration should be understood. In this report, changes in crystallinity, degree of polymerization,

amount of some functional group and fiber-to-fiber bonded area of pulp fibers through the recycling

treatment were investigated. Interestingly, the result of cluster analysis for near-infrared spectra showed

the linear relationship between recycled times and score as well as between tensile strength and score.

In addition, we have found the possibility that the bonded area can be estimated by a simple method

using black oil-based ink. Further investigation on above two methods will be done.

1. FC®IC

AR TS 5 EKRDPIRA L THEHE— 7K —#k
HMEDBEGR 75 0 | whHEFE S UM 5, T2 TH
UBEMNA TR 5 LokosBrE S v, JiiE — ki
DOBIRICIE O | WFERFE S ERK T 5, C ORI
FOMEV A7V TEL, L L, [ELY ¥4
I VERD KT L LI 18D mED
WikE78 5, Zofedic, HERKICEMEORV S

DEHENEDONEFLET o
COERIZ. — TSV FE OB TH B &

WHNTWBED, £ OBREEIIBER T d b FERRIT i
NTEDXIBEADBHEI > TVLEDH, F->ED
Eldbhr o TV,

AKIFFE T3, MY 44 7 I X DREK N4 5
JARIC D WTBRT 5T & & L, Bdkiicizch
Z b S ACTHAM O ME T 2 FEOMENLE D E
ER

2. EBAE
2. 1 EH

FRCOAFKITIZ, TIROLBKPE X U7 Kox v
7 v 7 WIEMSE N, TEHAMKZH Wiz, LBKPIZ
KRNI D A IKFEH3670 md CSF T X1k £ £30.92

mm®D b DZE{EH L 7o,

2. 2 FIEEOMEH

AR & AR D A K o YR 9 2 k%
VoA 7ov0EEH, 1EIES 3EHE. 5EHIZ>W
TIEBLL 7o,

2. 3 FH@EAE

o — 25 FNOELEFHMS 5 72dic, &L
o — 2 O LEERIE. EEENNE., &=ooih Rk
DT NVFE FEEBLUA VRS VVEBOER,
ROV R (LURFT-IR) . XHEEE 9080t
L (LUNESCA) . #rarst ot (LURNIR) o
Fes 2 AW ICE 21T - oo T oy MHERTFE & 2 5F
flid 5 7zoic, iR S IO NE 2l A7z, V)
B Ic > Wik, JISIERICHE U TiT - 7o
(1) #E&LEERIE

v— MROFEHZ O WTH Y 7 BiSmartLab%
Ho, Xl vy — v 28l 7., Fonfk s —
FizoWT, 20=28"° ° % Gauss-Lorentzii
GEEIT LD A DI DHEL 7o, TN ENDOE —
72O W THFEELRF mER S\ Lorentzf@t
KF2EE LIcEMEZER L, Ikb 70— FlaE—
7 ZJERGEIE, T Ofth 3 DD — 7 ZFEEEIE & L
ThEEILEE (%) ZHH L7,

— 140 —



(2) HEHEWE"

TERIL 7o v — b ZfRME L. #90.04 g ZHEFE L 72,
AREKIOmM ZNA, NSV TIKRBSE, Tl
Mz F L v o7 3 vigikl0 ml IS L 72, No.
24 Z b 7o FAEREEE RIS L 22 imiE 10 ml 2 A
. 25 CofEE/K#ERITR LEOKE Lo b,
RERERT AN DI IR DRI A5 EESEERR D & TR £ T
i N L7kl (t(s)) ZMIE L 7o EEE KA
LOBEH L7,

n=n/n=t/t,
Nep = M1
(7] = 71y, (100xc (1+0.287,,))
DP = 175X [7]

ety ty =77 vk (05 Mil=F L vy
7 VIEKEIOn) OF FIE (s). c=kBm—2
IR (g/ml)) n, =HHXPREEE. 0y, =HAEEE, [n] =
BEERE, DP=+t /o — 2 EAGE
(3) HNRFHDOERY

itk L 7o xov 775 0BHY 1 g Z2 K8 FE L. 0.1 MERERR
I 2 BERIRE Lk Al L, Fic i L, 0.1
MREEfE A V¥ o ARIES0 mf & 04 . —BuikiE L 7o
A%, 0.1 MEEEE A1V & & &K 25 ml < 3 013k
Hlic, TO®RNSNVT ERBAEGDET006MD
KEALF ~ U 7 LIKEK TpH=8.31275 % £ THE
L7z OKERILS b ) o ARG EREZanl £ 5),
AR F R BRI X ORI
(R F vV EECE100g £vo —2))

=100X (a—b) /(20X m)

el b=77 vk (0.1 MEEER A Vv v o
LPEW126 ml ) 1T X 50.05 MKER{L - b U o A0
W EE (), m=7°V7akER(g)

4) 7TIFEe FROERY

9g/ 0 DRIIEREKEF b ) v L %2580.5 MEERE
BRI L 7209 1 g v 7Bl 2 L. —B
TE U fco REKTHA0ER LD B, 0.1 MIGHRR
BT 2 LR L, FFORHEKTHRAE LI, T
%, BOHEITLD HVRF S VEBEANTE L, (3)
THLNKEEDEEZT VT FERE L,

(5) FT-IRIC & % #l5E
v — MREEHZ S W THAS HHELFT /TR-6100

LT R e v —
(€&

ZHWTIRA X7 b IVERERIL 72,
(6) ESCAIT X 5 illlE

¥ — MREEHZ > W TS B Epr BE & K o)
FrEEEZHOWTArS 4 v E— 212k 30MR = »
FrILIEBEORRT FVERBAIL 2, Honi:
CeD AT MVIBEEREICHET 58— 7 Off
BIXNVF-DELFEIRICIOITO, 6 KD E -
7SI L 7o
(7) NIRIT & % HIE

231 C. (B0=£2) %r.h.OEIE N 242
P L7z vy — MEREEHICOWTHAE 2 v &L
PRI HETNIRFlex N-500 (Solid) %MW T =
~7 PVEERAIL 72,
(8) it s & IR E DX A
BEICHRESNICHEY BB It v T &
abEv—br2fFR LI, 97 bb, SemMicEk
WrlL7ctonvizKkens L, @ik bicERK,
Bk A& 15 AIKBEICIFBLL oo v 73T > W TJIS P
82220 J7 I HE U ClgA 2 R (HARPEEG0 g/ )
L. ZHICAHZEERY —F 0 — L TKEROVE -
Too SEIHEBIL oo v AL S 2 & EIREE R
‘7L, dBEeBOmLZ ) v 7icido,
Him T—HREL U 7o, ¥l L 7ol 2 o il o R
BotE~y T, BitRBETLETEDDSE LT,
W+ —xz v 287y V<A 27823 —7VHX-
100HWTto YOl oD/~ DR
ROBHEZRE L, Fonicligz 7 2 ) A ESL
FAEMFEAT I ChAX S /e Image J 2fHH L T
it L. £ oREEEZNE L7, o0& ZHER
Huda2oml & L, HE©RAMEZNE LR,
ERE L, FEHEICb-> bt 5 2It>0 T,
S SICFHTHBGME LBRAmEENE L7, D
5D DRIE T — & OFHfEZERIEM & L7,

3. ERERBLUEBE

3.1 HREAE

AR IS B VT Y YA 7 i & 0SS LSS 5
T2 LV EREWRERNE SN, £ T TARER
bR LIS W THRET T 5 T & & L, —fkiC
Mz a-kvo —222 L LN 5 AHICD

— 141 —



SRR TR PIEME  S 45 (01D
WTHIE L, #5ERICS O THEBRET L 7,

Z OFEREX 112”4, LBKP Tl fE AL (35
EE LRSS T LR LTV AH, AR FHEEKL
TREZE(DB OO DN S, THIZLBKPOK:
fLER G LEH LET0% EEVDITH LT, AHEIEF
BEBHWMEERLTWS 2, FHlECY L TR bd
BIERFEB OOV VWb EEZ SN B, Fio.
CORERZFTHENE) A 7 VBT,
LBKPIZ& E N 5 £V o — 2 LIS D IR 1 Af s
B Lo afREME BIS T E NSV,

KoTy KERILEENT K D ) v A 7 vl
ZITO R LEORH AT O LEND B EEZ D
b,

100 1
S, - e ™ o e ----o
;\? = /
5
350
E%I —— |BKP
ol 25 - - - A
0
N=Sv 0 1 3 5
YA 2)L[E1 %R ([E)

1T U4 I ERYIBELICROERILEDEL

3. 2 EREAE

fEERLREDS B5 L 72K 2 v v — 2 {843 FAL
Ch LT, EEEICLENHE bDEEZ
5B, £ I TLBKPIZOWTEAEZNIEL 72,
ZORRAEK 2 1T/RT, TOFER, N—D v
EVHA 7NNV T KT 5 EEGENRECE
fELTWB EEZ 20, T ORIIMERI %R - 12 &1L
M5 1850 VA 7 VAR IRT fo O i
MO L TLE S eI EERENEON TV S &
FEAITL L BTOMMEERE L TIET 2 0808
b DM BIFERSHRNEE L Wicd, THIcBIL T
FINPI BB LW & & LT,

CEis)

1300 1

1200 A
ﬁg \\\\\\\\\\____---‘———"——‘—----_
4o

1100 -

1000
N=Dy 0

1 3
B2 EE (=)

K2 UYL %EBYERLEZEBEOLBKPOESENEIL

3. 3 EREOEE
(1) iEIC & 2HE

V3 A7V ED e — 2 DRENZELL, 7K
FIEGREN A T C V2 AJREE N 5, 22Ty Y
AT VIPES HVEF VM EBEET LT E P&
DERZIT»> 120

ARRICBI BZELITO>VT 3 ITH VR F v ovkk
ETIVTFE RREOEEGEOEALEZRT, HIVKRF Vv
LT T FREDOAFHRIBMA ZR - &bz L
Wpotctcd, K3 oA VRFVLFEET LT E
FEOREIFZZEFIEMNM LTV EPBIHL N ER -1,
LBKPIZ > W T b[Akkic Mz Ff - 72 ZE (L3 o
Winotce U A7 NMITED IO — Z2DFEGENE
b2 rElE 3 H 205, T DEALRI TS DFNLTH
D, COHETREMNFESNGB I sTcbDEEZER
55,

100% 1

FILTERE
ALRFDILE

1 3 5

JHAoILEH (E)

80% -

60% -

40%
N “ll
0% - T

N=ov 0

3 UHA I ERBRYIRBLIZBEOAED7ZIVTE FE
ERIRFVINEEDEESDE(L

(2) FT-IRIC & BHIE
Z Ty VYA 7 NI K B EREENDRELH~

— 142 —



512, W oo hidEE T & & L,
F9. FTIRICK BHIEETT > 120 TDFER. &h
HREFFELVZRAY PV ELIR SN -
too Fio. TEMPORE LIC X 0 EIREIZC 6 DK
[l % v R+ vV ENCER L 7o e & M U e
M. T TS NI REIS E— 2 (1605 nm)
WKHYE T2 =7 bEIIS L -tc, TDID,
FT-TRIT & 2 I5E TIEKEERE DS A VR + v vk
{EL TV AMEEM KW S &b b B,

Ll LT arigod 5w vm — 203
T EHIZOAFLELTVWDE EEZLSLNDDITH L,
FT-IRICE D HETE ARSI A E 1mTH O
T FHOE VB =T TERIELE/EL TV
HHEN D2 BD Lo — 2 % TS . BEZs
AZLLTHETCEBWEEZOND, TDD, T
CREFET ZBNS 2B EMHT L E L,
(3) ESCAIT & 2illE

ESCA D HIZE & (3 EAZKE 2 S 10 nmFEREE T H
D, o —20 LK RHDODT ML
5DIC3ELTVW5S, £2 T, ESCAIT L Y LBKP
BLUAHOHAIEZ TV LBKPOCLZfllE L 72
ERIZOVTK 4 IZ/R L, On& Cd B D 21k
IZDOWTHK LITRT,

9000

8000 |
7000 F

6000 |

@ 5000 |
o

5 4000 |
) 3000 |

ﬁ 2000 F

1000

0
294 292 290 288 286 284 282

HEEIRILET— (eV)

4 UHAJIVICESLBKPDC.ARYT FILE(L

x1 LBKPDOUHA ZIVICxET B0,.EC.DIREL

THADI
maE | O1/Crs
0 1.34
1 174
3 156
5 179

wh TN Ry s —
(€&

ZOFER, AHITBOVTRECL AR P BLT
On/CLOmE T3 & A EE LB H SN h - 72,
—}+ LBKPTRX 425044 20 0[EHE 1[E]
HicoWT, 286 eVIED E— 7 ICKELEND
LT EDNBRAESNIZ, Ty RISV A 700
MHE 1EIHO E— 7@ (0./Ch) D7130.40
ERELHEML TS, KEFSITEB ECD RN
7 PVTEIAlIE 072286 eVIIEDO E— 7 17 & b
V15 & OERIAEEIC X 2 U £ 1T - 7B Hih
K ThsrELTWVWD, VoA 7 VBT Xk D ¥v
TRIANTHAET i Bkb ., o — 2%
NI o — 2 EDRAKEDSEEL LT 5 &
ZD286eVDE—7 b Ly kF%E (Co) HHEA
WYd B, —Ji. RO £V o — 25T OB
W o = 2 OKEHEHROKEHE (O.) HEN
BN %720, OnkCuDBEMBE/ LI E LT
HERIVICEHRAN T E %,

Ll COAFETROREE 1REIIREIKER
EZNHB DD, ThlPEoZ{LidmERsngun
fed, T OMOFHE G EPsSETH B L b S,
(4) NIRIT & 2 &

QDOHEIFEIC B VT ¥ — MREK O ks fr
(4,000~400 cm™) DOWIXITIF R EBE/LDB R SN
Whrotc, L Ly RS aEE (12,500~4,000
em) TENSLDOE -7 OfEFEEEZBNT 3
itk b, hIRAGEIE T IIEET & 15 - I EH D
E— 7 B ICXBIT & 2 AREtE R b B, £ 2T,
NIRIC K 2 HMIEZIT O, B L, 1 RS ORI
BITOS 7 9 R9 =i %iTo 1 TORER. V%
A 7 v X 0 gL E R T E— 2 DI &

0.4000

0.2000 -

0.0000 -
y=0.0726x-0.1527
R?=0.8051
-0.2000

E2EMHRAT

-0.4000

JHA4oILEH (E)

5 LBKPDUHA ZIICxtd HNIRR 2 7%1E

— 143 —



SRS TR B 5545 (201D
NP Ly o —23EEICE ) KX
BAZ T AL, 232 1°C, (50£2) %r.h. OB
55 i 24 RIA B L i EHc > v T, [RIEREE N
THRBEET - 7o

752 =itk 0EoncZ s~ VESEE
Lt%\z&7FWN@%5$ﬁﬁ§%m%1£&
FREFEFNCEBEZTH B, IRICFHERDOZVE 2 T
B E. BoncE» ol Lok Th 5 EEZ
ENB", TOHELFERDITBOT) A I IVERE

TIHE - THRER ZPBIl s (K5), C
D & 5 15HEEE L 72K, v e — R[] CHRE S S
IR L TV B GRS 3FEAETE BV EE R
LN5DT, MRS 23T THL, VY
A7 VERDERT LT, IEREIcBLTI DX
S ILIKBEENNG B 7o b, F2FERSY D X 3 7 3N
THEEZONS,

52 Bk D 2 a7 ERiTEROYERBRAEM " &
L, CTofEE, LBKPTRMEEK D 5 B[4
& DI DBRIE 1 3 N CEMRINCE L L 72, gk
RSO WVWT, LBKPEX 6. A#EX TIT/RT,
DT ENSE 2 ERDTRIN SR L 7oK &=
PEEINS 5 & fAEN D LMD D L. sREER R
FHRICs 5 EEZ 6N b, PERPSEbNTVIZH

HALR, T & 51T U THEHEN O JF RIS A7 7R 9
BIKDIFERT D 2 ARtk d 5, IR IITONT

3. MO Sk T 2 v F - B E 52
5V, ok E RIS A ERLICEEZEZLS
N5,

— AHOFER TRERICERBEHRZ/RL T

60 1 y=-50.187x +39.627

R?=0.9224
50 -

40 -
30 -
20 4

10 4

tE 513k (N - m/g)

0
-0.3000 -0.2000 -0.1000 0.0000 0.1000 0.2000 0.3000

FE2ERHRAT

6 LBKP®DONIRZX 37 &LEBIARIR S DR

CEis)

25 9
y=-9.2254x+18.551

R?=0.7641
20 4
15 4

10 A

tEBIERE E(N - m/g)

5 T T T T T 1
-0.3000 -0.2000 -0.1000  0.0000  0.1000 0.2000  0.3000

F2ERHRTT

7 AEONIRZR 7 &H5I5RR S DREMF

5600, LBKPE iKY 2 EHESEL, Inid
HIRDFERILEDE < | ﬁ%ttmw@&;od<
VETHZIEVTBFHKRTHELEEZL SN S,
%uéﬁ@U#47wﬁ&5ﬁﬁakﬂMﬁPb&

LT, NSV EpdbEMNT SN,

COFFEIIOVT, BIOFERNC bEH TS 208
N AMEND B,

3. 4 HHMESFEOEA

19694F, Page ® 13 ¥ — b O AW E 13 Bk #E 70
B L HHERRE S DR TE 3 & W S RERAI A E D
7o

1/T=9/(87)+12Apg/(bPL(R.B.A.)

ez Ly T=2ME, Z=¥ o 2/ /GRS,
A=t O W, p=MdtOEE, g=EI1N
M, b=HIETEY 0 OKEE T, P=kiEw
MR, L=/itE. R.B.A=HHEG ERE

DT Lo, MOBEKNENET 2 dIid
WAERE S 23T 2 C EBEETH B EEZ HN
%o —RRICHEHERIE & HRE 2 NIXE 9 5 72 91T FAGEL
BREAHVW SN D T EMNE WV, ¥ — b NOMEHERTS
BEBESENT 5 &, HEBELS & 5 225 & M &
DOEERMRLS 5 2 & o 5 EELREIZRLD T 5,
o EERICHMHESGEE IR s NS, 0D
HBFEE V=2 vOFEHAEAZEL TOELLLED
SEEM bIEME N TO I DEHETRD 5,
(1) HEELSREONIE
FidDoPaged A 5. plikeR & (3 HAEGELHRENC
HHl4 213 Th 5, ThEERd << LEELR
BOREM%ET- 1,

— 144 —



LBKP® 5 [5Rnk & 123t 9~ 2 HLHELER B 0 il E R
ZX 81287 o LBKPIZS W TIRERRITITWLREERIC
WolcEEABD, TNENDIEIRMEIITHET 5
MEMBIZE S ENRESERLEND S LD ITIE
BAKEV, INOHEAMBLBESICE D TH
B EHiIclbh, & 5I10H# L ICEHl oG B EE T
BV EEZ T,

39 1
38
{3
36 S
35
34

33 A ’

32

L BR EL R B(m?/kg)

20 25 30 35 40 45 50 55

L 513R5R & (N -m/g)

X8 LBKPODLIEFIARMES &FERIELFAREL DR

(2)  HHE TS & RS D IRE DRk A

Z T, MHSVICK 2MEESEIC L TEEY
RS AEREONEERITO> L& Lk, 22T
FZ ORIEMEE LT AKEEZZAL S & - BR O
M SR A o THRET %,

X 91T AKEEZL S H BRI S Nz BB AR
T, Fro. Bonfc BEARER L RKEORRZEX
1012789 AENFATERED DI WS, TORH» S
PROKEE & BB mRER I HAIBIRICE - TV B T &0
birb, PEEHTNICE D REBIESDEND 5720,
FEZ LT 27DICb K02 DIENBELE SN
B0, OIS, MHERRE S EE 2 R T DI L
e HETH B AHEMEDRIZE S N B,

I ol MERBEHEPT EEbIT, VA7V
[T RS & OBHRIC DWW TBRL TOLE L,

178 m/ (°SF

» o~

ATIm/ COSF

254 m/ OSF

K9 AKEICXTIREMEDLE

(R SETTS 3 S A

€%
90 1
[
80 9 ")
:\;70'
v 1 °
'|§i'|'60
B 50 - $
.| 8
30 -
20

100 120 140 160 180 200 220 240 260

RIKE (%)

10 fRKELBREEEERORMKR

4. &0

A S A 7t b5 MHENO 2L e — 2D
DY OREEE L E U TR LR O FfRET. HEEAE
b BREREOZLIZ S W TREA 3% F W TR
WMli, TR, NIRICBWTEONEHE v —
b OREERICERRBARA D 0 . AR O SVE & SR
THOOFH» D LAl RE NI,

F 7oL MHENS T T L R O fE ST |
BRERFEICRAR LTV 5 &0 S RRERRID O BBk AR
EAERBEZNEST 2 PRI OVWTRET L7z, Z ofk
B, TCTHRALLHEC X DR LRSS
[T & PROKBEDSIELARBAGRIC IS O | EEERNICHHERTHS
B FHE T & 2 AIHEMEN S 5 T &b - 1o,
Ltk TOMAORELFEICO>VT, fhoFkHcE
WTHEBEHEREZRTONEEE S SHITIB Lk
KRINTIRFERETE 2 L) B TREARE L2V,

S

KWFRZIT DI d 70 RAsET T & 2 HE
BLUOBUILBHES%Z LT 2 - e ARSIk
SR H B FFE R AR IATE B 2R < fE4LE L
R Ed, XEREHTREEIC K 2GR LERINC S
Y EE ERRA IS T )% LTI E 5 1o
RTRFEH OE—HEHRICECE#H O 2 LE S,

S & 0Ek

1) ERFAfth o AR O Fr 7o 78 SEREM Tk D i
HOEELH VA7 Mck v— P BXUY
WV HEHEDS T B R — . R LSRR FTET

— 145 —



FHER AR SERT SRR % 45 (201D

bFgEsRkE. 3. 89-93 (2010)

2) HARMFES t KERFEER~ =2 7 v, SCR
AR, 101-103 (2000)

3) HAARMES t AMBIAEEE. hAERENA
42>, 173-174 (1985)

4) A o o ov 7 ORUEIZRRAET) (55 10 Mk
filid & O ERAFA A, M BRE. 46 (11D,
1429-1437 (1992)

5) KEFEZFMh : ESCAIT & % ¥V 7 ik th oo il
B OWEZE, koY EdRE. 46 (10), 1295-

€%
1312 (1992)

6) /IRt FARAR O 72 9 DT IRV T A R
M L7 LOED A AL SBT8IElHE L 7 BT 7E5E
2 (201D

T7) Jerry Workman et al. : Practical Guide to
Interpretive Near-Infrared Spectroscopy, 63-
70 (2008)

8) LEFEER) @ MRoOmEL, hEWM. 212-262 (1972)

9) D. H. Page : A Theory for the Tensile
Strength of Paper, 52 (4), 674-681 (1969)

— 146 —



