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ML, EEMEL L TR 5B THREEN TV A,
Bk TIREEXEGR, KOFEFET Y, EEDEE
OFERLIZEVKEBEESFHBE IR, LaL, 2
PRSI B CHE SN DT, kEEHEDD 5K
LB, AELSEL KT LA, 1979 I KkEES
MEFHIIHEEOREEIT, 180FO=Z5D—HE
L EBETEIILL 0 EWHILIREEIZH 5 & HiE
L, XEBREICRA-HELIRE L (HH, 1984;
KT, 1988).

FEMIE, ERMET LI A kO Y YA XH)
DIMAEDLETA »FILOEFHTH, BRETH 72,
MOBFETIZ, BRIZIDEEHERL VD0 —
ARANI 2NV O = ADNMKGHE T, TOEGE
PEFT5., ChHPRBEOFELZERICZ TS
(Luner, 1969 ; Arney, 1974 ; EIH, 1982). #o7:
O, FRTIE FEROBESRMEIBRED SRS B v
BR7VAJHEABITLOOH 5.

LHL, EEES (Wu and Tanaka, 1998) i3,
BEMBRRE LR FERKOFBLIIBEERD £
NEYENZER R LA o0 EEET OB
R 1R %) %18 1 # 7 & O B IR A A E B L0 FEY
B b LGS RT3 (Mailly et al., 1997).
BAEAL L 22t EEROTIE S R T IdEBEED
FREERELSB0D, Pr)EITLTVRD I EHFR
» 5N (Wu and Tanaka, 1998). S H R AN#)
ENHEEEBROMAKICOKRE L HEBY 5252
EVTBEND, XFEORMRFOBELS, F0hb

DEBOBHIEENS.

AR TIE, HHER OB FEHKY TAPPI 2
FIHE - ToflFfb s &, MOBERE LIRS 0K
TrRIERE Lz 3/, BELOBELEHET S/
O, BEFRNT7T—) 2 ERT < o NER (FT-
Raman) RUBD@EHFA IO 757 14— (85
% GC) 2MH L THOBS OREFELE BB L 7.

AHB L H B
1. BH
OB LK (FRT0g/m’, A4H), 0%0

U o LR S LR (FRD ROEME L
B (FRD) #FHA LA 8o pH IZZhFh8.1,

8.1RUS0TH -7z, M (No.2, ¢110mm) F3H
HEEEROBRTH /2. ROWAKIIRITTERO

HEBERRLIOIZ, A LAKO -2z L — -
7 ¥ — (40FX3017, EPSON LPA3 ETC2 +
F—=), FFaE-BTHIZE LA (405 X 3017,
FUJI XEROX hF— ).

2. EHAHILILNIE

TAPPIfZE#% T453 om-89i24E - T, A%
RKJRE R, 106°CTME L7z, BTG O REMIC FAK
PoF TR HEY, 20C, 65% RH T24k5H
FEBL. ZoOBEE* MINOLTA CR-200&
BraZetcllE L. #o MIT ik & % TAPPI
Z ik T511 om-8812%E - THlE L /2.

3. MDSTLANY I

Perkin Elmer #8857 - 28T < 4
JEHEEET (System 2000R) %M L-CRlE L. )
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EEMFE, L—F—-HH600mW, F#Ed4em™!, X
F v 2 [EEI0EITH - 72,

4. BRBAHZXIOTMITT 4 -5

B REEICIE, BERMETE PYR-4A R L.
AEHIS00 ng BEZ KR L, 44L O tetramethyl-
ammonium hydroxide %z T450C TS R,
HAza< 77 74— (BEREFHHE GC17A)
THF LIz, ZOMDBHRERLTIORT.
775 BESEVEFTE CBPs-Mas-as ; 7T ARE : 80
TT 10 HREF%R, AERE S5 C/5T300CE THIR ;
8% FID.

kR L EE

1. EHEHILIENIBIC & 5 LEEOMITE S OE
¥

S BEM S LALER % 1T o 22 NEFH RO TR S 0
& F#% Fig. 1127"3. FP (filter paper), WP
(neutral wood-free paper), RP (neutral wood-
free paper containing recycled fibers) R U' AP
(acidic wood-free paper) X Zh FhiE#K, H#
FHEK, VA VBRSPS EER B LY
e RT. MBI L 28K FP Ofif475E S o i3
PTHotz. TR LT, B LEK AP Znz
KHOBIMI > T S AS28ucKEd L, 105H
OB THITRIIETI R o7z, RHELEE WP &

RP DHBEOREIIRLPKTH o7z, B2, 38
BOmHMNET WP & RP Ot #iz # h 2 h69lH
L 6T A & B 490 & 512 L, 28 H RNz
b&, ELICRMAEENTANMET L. BbRiZENE
N53.6% £59.7% TH 7. FEOEMBRAFETIIhE
FEEOBILLEHTE RN EATRENI.
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ance of the papers during dry

heating.

FP : filter paper;

WP : neutral wood-free paper;

RP : neutral wood-free paper
containing recycled fibers;

RP & BB OB D R TR S A4S 547, AP : acidic wood-free paper.
)
g
g
% non-heated WP
8
8
£
= WP heated for 28 days
I | | |
3000 2000 1600 1000 500
em!
Fig. 2. Raman spectra of neutral wood-free papers

heated for 0 day and 28 days, respectively.
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P EEROSIURE A RIS 5720, KOREK
FORWEEALE FT-Raman TH#F L7z, Fig. 22
e L7 WP E28HEEBSLLE L/ WP DT <
YANY MVERL MEICL Y 1126cm ™ & 1098
cm ' TOIVUHEBREODLTIRBIARD LR
b, ChHDONY FiZEhFh a-7Y) 32 NG L
B-70 2y FEGOMEIREIZHAR TS, 1126cm ™!
TOIRHEBEORDIE a-7) 32 FREEE D
DAV —ARVT v 7 v R4S R 565 0 200
K453 (thermohydrolytic degradation), 1098
em ' DI VHELREORAIE B-7) 2 Y FIES
ERETHENT—RAEANIENT —ADBNIKG I
EETLEEZ5NS (Edward and Farwid,
1996 ; & - HA, 1997a).

FEHEWP DI AT PV T, CH: I2RE
T 52900cm ™ DNY FREIHLTRETDH 5
(Forsskahl and Jason, 1992; Edward and
Farwill, 1996). #ZC, T OV Nz NHEH#R L
LT, 8L IZEIT 51126em ™" & 1098cm ™!
TDT < v EELEE ORBELE BB L7, 2900cm ™!
DNY FE1098em ™! /N> N DBHEEH Tioss/Tos00 B &
U1126em ™ DN F £ 1098cm ™! /N FOEE
Tuss/Toss & Fig. 31ZR L7z, 5RE H Twos/Tas00 D i
ANZEY B-7) 2V FEEEORRIZIMEE M o1
WS THEITL TV B I WG orz. T/, MER
Tuizs/Tross ZSMEBEHE OB MIZONTET LT %
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Fig. 4. The pyrogram of a neutral wood-free paper.
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b, ML B a-7) 2L FEEORRIZA-7Y 2
Y- FHEEOFNINFEVEEZONS, HBELT
DM FP \2iE, MBI LD I h S 05EEROELIE
BEALRONZ o7, TNOHOEREDLS, MBS
SEHPHEPD aRUB-7) 3 FEEGORENK
DOMITRERTO—HEHEETE S,

2. BB GCILL3MTONERFMFOTR
e TR &1, BEBRMAIKLILOFE %R
FERYETHS. KPOFMAEHE LRFIFHIIZ X
LEOMITH S OET L OBBREBIFT 570, FH
L7-WiEEO MO B E GC HHT 24T -7z, Fig. 4
P EERO M 0SS ARRT. BERELTO
EVE—R, ANIELO—R, VIV, TARA,
Oy A XK HBVIER) T2 )T I R DS
AO7TAERBLERLY, Fig. 410RT Ak
COE—Z7 3P DOAI LT —RAETARAIZHR
L, {RiFERH36-380 MDY — 73 4 XK &R 7
ZONTIFICRET S (B - H¥, 19970). MK
FP & LE# AP, RP & WP D84 0¥ 5 ADHE
% Fig. 5 & Table 112" 3. FP® A+C R U'B
DY — 2 BEFBD TNIBDT, FhoAIkro—
A, TASKA, TAXFERYTZYLT I FidfE
ThbIEPGD o7, IO EIEREIS LR Tl
BOMITHSEBETIELTHLEBIZELLEZON
%, ¥7:, AP, RP & WP IZHA XFERY T2 1)
V7 IFOEERRETBOE—7iEIX, AP(9T)
>RP(30)>WP(15) DEIZR>TwAhA. IThid,
Fig. LIZRTHLLAEIC L 2 EOTHT®R SETOIE,
AP>RP>WP LEILTHYH, 2Fh, HKPoRK
HIEMFOGEBEELSEVIIE, EOFILEEIEL
b, LEOEEDG, MOMAKIZIZED pH 723 T
L, BEARNAOSERLVRCEET LI L
Gz,

3. tEEOHARICRETHRIOFE
FHESIFCHRARL LTHEASATVWS, fEo
T, BOWABOFMIZIE, ARICEbEEBYER 2
TS w., 22T, L—F—Fyry—-ka
E—#TRPICEHRIL, #EHILICLEL TE O
MADETF 2N FNLO#EY Fig. 61077,
FIE$ 5753 TLRP (L—¥—7) v ¥ — THIF
L72RP) &£ CRP (2 ¥—#THI= L7 RP) DOt
g S iEEnFn RP ©67E » 5 58[E & 53[0 12 &4
L7z, BAEIFNREFNIZS5%E20.9%THD, 2K~
BhHbVWIEL - —FY ¥ —THIETBHEE, FF-—
DEFED - ORIEROBREPTONE, a0

AP
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Fig. 5. Comparison of the pyrograms of

the four wood-free papers.
Note : see Fig. 1.

Table 1 Comparison of the papermaking
additives in the papers.

Peak intensity (counts/#g paper)

Paper A+C B
FP 3 4
WP 45 15
RP 50 30
AP 38 97

Note : see Fig. 1.

e, BEREIISOCHETHA., Lo —REA
3T — ADBIKSRRIEIE1T0C U LD BRT
MESHD ERE SN, THFTE—HHL0IEL —
W—T) & — DN L AR SR ToO—HE %
AbNB,

ERIREIS LB BT A MO O KIZoON
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Fig. 6. Decreases in MIT folding endur-
ance of the papers during heat-
ing.

RP : neutral wood-free paper con-
taining recycled fibers;
LRP : RP printed with a laser
printer;
CRP : RP printed with a copier.

T, LRP & CRP 0¥ 8 A B[z RP 0%
hEh k&< ot (Fig. 6). 288MmMEs 5 &,
RP, LRP & CRP Oiig#ii& s iZ # £ h6Th, 58
[Bl, 53@A527E, 161, 15SHIETL, Zhz@sd
RIZET L59.8%, 72.5%, 11.71%THhHorz. F7-,
HlFEd$is, L—H—T) s —-3sniia—#%
AL RP #28HMIHILALE T 2 &, Wi S 1367
|7 5 220 & 19[ 23 A L7z, AP I1363.3% L 66.1
%T, EIFELEHELVNTH o7 THITEOEIFE
BAhL o nsEZT, B h27:0EEZON
5.

4, EHBHLLNBICLZ LBREOABENET
BOHBEREOMARERTL ) —20EELYE
BTHb., FHEHHKAP, RP L WP IZHBLTREON
AR 3 HEH I BT 2BHBENETAAE W
Z&THho7 (Fig. 7). 105C, 0% RH D&HT
T3 HMMA: L FP, AP, RP & WP OH&EIZ
FREFNEREFBRICH L, 97%, 87%, 86% L87%
7596%, 82%, 83% &£84% IR L, BARIIFN
ZR1.0%, 5.7%, 3.4%¢3.5% Thot:. Zhid,
BRI & DB H BBRF LU EIzEkbh,
OB EALD 5V IZRRENCECWEDOEBAGE >
LEZOLNS,

28HMMET 5L, FP, AP, RP & WP o
& 51291%, 72%, 76% & T8% AL, BAXK
EENEN6.2%, 17.2%, 11.6% £10.3%TH o 7-.

10() T T T T
' " _O—FP —A—RP
O—p —@— WP —5—AP
o5F —O0— E
~0—0—0—
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Fl
o 8 ]
=
E
T ]
2 80
=]
75 F ]
1 1 1 1 1 1
07 5 10 15 20 25 30

Heating time (days)

Fig. 7. Decreases in brightnesses of the
papers during dry heating.
Note : see Fig. 1.
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Fig. 8. Increases in b* of the papers dur-
ing dry heating.
Note : see Fig. 1.

EBROHEBEENETIE WP & RP DESEETH -
oo THIEEEPICERRIIFAIEACFEL
o THAS. RPOHBEOFERAIERI WP OFR L
N13FEA YN, HIB%KTHo/2. Zhid, JHA
ZOVBHE M L D OB BORERICE S EEYT
LI ERRLTWS, T, BERKRABRETIIRY
A, FHEK WP, RPOHBEORT O ALY KE N
G ol. ZORKBRITBEMBET L PR
HEEERTOEE (Wu and Tanaka, 1998) &3
PLTwAE. pHDOAL LT, NVTOERSRBER
FlOBE L ZELROBBEEORERIIKRECEET
BIENTENS
ERALABEHZORD b MEDEILE Fig. 8177,
L*a*b*&B%TIE, LYEE (LY=0) &/ (L*
=100) %, a*idkk (a*<0) &k (a*>0) %, b*
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13F (b*<0) & (b*>0) 2 FNFREKLTY
A, LMEL a*EICHE L Tid, AREIEIAEIC L 5k
e EEEOEI NS 2o, ZhiZH LT, b
=R FEKE b INARFEOBMIENELL
ERL, HKOBEGIOELZ LITRENS.

A (FP), B LEMK (AP), PHEEK (WP)
RO A 7 VEMEE LS EER (RP) 288
DEET TSI X, P EEROBAN T #ET
L7-. 108 M#E#aam % bnE S 2 &, AP O 47
BB ok, Thiz LT, RP & WP i328H
Bmss 5L, WiFESOBRPIIEFREFNS.TY &
53.6% T o7z, FHELEERKOBILITEEMERKIT L <
RV, PRVEFTLTHEI b o7, RP
EWP DI ANRY VTS LLE ST, K
HFOELT—A, NI T—ARPTASAOBIN
KOBUSARREZ L 2R L7z, B5H GC I
& 2 OB FRINF O ST R P EER 0L LK
OOV A XFROPRITZINVT I FOEEERE
CIECHELTWAZ LERLE. a¥—#Ho i
L—=%¥—7N) ¥ —THFTHI LT, LEROWH
BEOETAIES N

28BINZMIRIZ L B FP, AP, RP &£ WP 0B
EORLRIEFNFNG.2%, 17.2%, 11.6% £10.3%
THot:. HBHLHREIZL ZHHEKRP & WP D
BEENKTIHLIIHS. RPOBEEORIEIL
WP OFNLDIB%KEL Lo, MOHBEDOLE
HAZRIZT ) A 7 VL FIMBIOZEI PR DK
W Ekdbhh o, 72, L*a*b*EBER T,
b*EAS AP, RP & WP & N iz v
ZLLLERL, BEEABMT LI LA Sh o7,

X #ik
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Summary

Filter paper (FP), acidic wood-free paper (AP), neutral wood-free paper (WP) and
neutral wood-free paper containing recycled fibers (RP) were heated to investigate the
permanence of the neutral wood-free papers. The folding endurance of AP become zero
after being heated for 10 days, while RP and WP heated for 28 days lost their folding
endurances by 59.7% and 53.6%, This indicated that although the
deterioratrion of the neutral wood-free papers was not so fast as that of the acidic

respectively.

wood-free paper was, it was progressing during accelerated aging. The Raman spectra
of RP and WP suggested that thermohydrolytic degradation of cellulose, hemicellulose
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and starch in the papers took place during heating. The analyses on RP and WP by
pyrolysis-gas chromatography suggested that the losses in the folding endurances of the
papers depended deeply on the contents of rosin sizes and polyacrylamides in the pa-
pers. Printing with a laser printer or a copier greatly reduced the folding endurances
of the papers.

FP, AP, RP and WP heated for 28 days lost their brightnesses by 6.2%, 17.2%, 11.6%
and 10.3%, respectively. The neutral papers also suffered significant losses in the
brightnesses during the accelerated aging. The fact that RP lost 13% more brightness
demonstrated that recycled fibers and papermaking additives in the papers influenced
the brightness stability of the papers.



