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350mm<280mm) %[ % 23°C - SO%RH 0% | ) FLR
T CRBICHEET 2 o (43
IRFfH LA 1) : & \
HE L7z,

(4 2-9)

@ - ‘ © a7 .
27 KIERBFIR(SHD LIEE (), AEE ¢ TOMRIBRE()
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2-9 JKALIERERFIE(FZIR)

2-8 KWEEERFIE(T L R)

3-3-4 WpiEiEERAEE S &
1)  &BHE
7551 (BYK-Gardner 18 Spectro- guide 6834 %! (Sphere gloss)) Z VT L*a*b*
EAEHE L7, A% (ADVANTEC No.2) % 10 ffE#7- LICilki &2 @E &, Bk
HEEEE - FOfaRE T4 3 20pr 9o, FR MBI CIT 1 2z flliE Lz, B
[ (Lightness) Dfaze AL*%RD7c, HEEMEIL, WAL LKL FFEOFE
DO L LT,
(2) pHMIE
pH A —%— (HORIBA # twin pH) % W\ C/KMMHIEIC IV HIE LTZ, # B
(7~10mm) ZHH L, HEHIZHER A 28V CREKE 30 T L, 10 21%
O ZJER & Uiz, WEIZSREE & 5 BTV, ZDOFEEEZ KD pH &
L7z,
(3) bR AR

SRECGRER T, BB A & JISP R8I (HE, AR OV L7 — i e OVRBR D 72
DIEYEIRTE) (ZHE > TR L7=%. 23°C * 50%RH DOEIRIEE =N TIT -7,

FIERTR S 13, JIS P 8113 (XM OMRME — 5 sRFrE O FRER T 15 — 55 2 &6 &l
BRIE) (ZHE > TRlBRZ AT o 72, 2EEITTEAB CRERER X e 77 vV)
Z W2, SIERE I 10 mm/min & U7z, BBk A 81 15 mm, A /N> K13 100 mm
& L7z, HBIET 2 VX —WINE (TEA) 1351k E & HITE T LT < Bk
o 5T DHCOIBEIZEY) & S, FIREWIRE XD b HERT Rk F—
N ElCE H LT,

512458 X 1%, JISP8116 (fk— 51 2dsh SFRBR 1L — =L A > RV 7 85| 45
BE) > CTRBRZIT -7z, BEEITZ LA R T « T UX G556 (R
FEREHERY) 2 Fve,

M58 < 1%, JIS P 8115 (MM UWGHE — Mif#riR S 3R ik —M 1 T allpisis)
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0> TR AT o7, HEIL, MIT BPratbasg (REREisg TR Z2H0
oo fuf B IIEBL D FREL 125 o E TEAMEAREUEH L 2.94 N (300 gf) - 0.98 N (100 gf) .
BT 49N (500 gf) . FHGEAEHT 1.96 N (200 gf) & L7,

Y 2B EMR S 1L TIS P 8227 (VUL —iniM Tk iglc BT 5 e »
NGRS OFRERITIE) (206> TRBRZ1T o 72, 2E@E T, Z-Span1000 (Pulmac
) & vz, BRMERL. FORIC W TIRECMMEE © o728 MD - CD i 5o
WIE 21T o T2 PR S RITERL mtE 2 b 72 7e Wiz 1 RO RBIEZ1T - 72,

VL b, B rERRERE & FEEH A 10 8, B S MEURHT 4 RO A R D
72

(4)  ERHGELARE E

HBGEUR B 753 TOPSCAN TC-1800 (2 L ¥ % — F 1 /2 HoW T AR &

B D 2 FEFEHDEY T

2 L X O R S (BEPEAR, FIAE. TT54)
R BE LB LT, |
Al — i 72 © LK | mmzins |
AR Bk & W A R | : |
MEVE DT | kumm | | kumm |
3-3-5 StiIEEl &40 \ 4 \ 4 ‘ \ 4 y
#Hﬁ% T 5 . NEEEERE
EBEoRh R
AURL O B BT & K " P " SISk,
" e . & BI3E TR ILE—IRIY
7V —= JAULER BN . .
. i . HERELRE = EOR/ALEIRES
I (L ALER AP i o
. n 5|EERS
= . WHAHS
Frv— K (¥ 2-10) I

S 2-10 M ORE, nE, RUYHREFIR

34, HEREEXR

3-4-1 BEEFILIEIZKBZpHDELEKI -V TNIEBDOZE

3-111E B BGRT B LR Z AT S 2RO ENENOMD pH DEALZ T,
RELD 9 B FMERD RS AT (Japanese paper, no sizing) & KBS/ L7 F4b & HE

(Pulp sheet) 1. HFPEZ /R L TWD, IEMIZIE pHT BHETH D03, KEHD
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TILIRBE DAL E T, LIEL K KRKHIZH 5 KIE pH6.5~6.8 F2E TH
Lo TNHOHUL, b EBIZpH ME N L7z, TRbb@E kL7 & &R
LTW5, RETOERFAIC L DML TRIEILTH D VAT VIR E—
ANZELDTEDICpHNMETF LD EEZBND, 2O XL TA LRI
A —=ADNKRGMHEEGIEEI L, R HET o2 LIk sniciibsh
HEALAEINL . BN ET T 5 EE 2 N5, KOG, B b O N
INSWV, BRDOEEITMAONDTA VHEDREEF N U 7 LAREFELTH
Lz, AL LTEK 72 &&EX bid,

PRt T 5 2 IR i /i skl (Japanese paper, glue-alum treated) & F&PE#R

(Acidic paper) TiX, BEHEWE CTHH I a UNV KRR T VI =T ABZFN
EFNEENTEY, ZNHOWMEIX, FiciceEre—RZA T LR F L
FEOMBEE XD b REWZD, pH DIR TR R ONRDP ST TIIRW N EB X
b b,

7
6
3
4
T
o
3 L
A Acidic paper
2 r ® Japanese paper glue-alum sized
1 - @ Japanese paper no sizing
@ Pulp sheet
0 !
0 5 10 15

Deterioration time, week

Fig. 3-11 Changes in pH of papers with time of deteroration at 80 °C and 65 %RH.
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X 3-12 1, WEAGERIS S ETBMERGRES, K7 U —=0 ZRBRIZ LY ED
91 pH AL LTe i a m 3, BGREI AL S 72721 OB T pH 13, 4.1
~4.5 TIRIEETH oM, K7V —=2 7% pH 1T, HaH 2 LR 23
HWMEEpH N ER L TE Y, BUEHENEN I SN2 & 2 BT 25, BRMEK
ICEENDHBET VI =y AR m LS EBZ 2 o5, WEASLLERIZ X
D HEHED AL EITT D & NED DRI T L X =7 AREH LIZ < Wil
LT D AMREE 2RI LTV D, B D WL, LI L v R LT F
BERE DS KICE D IEH LICK WATEEME D H 2523, WU LAKY U —= 7L
XYY, pHBEIEF O RKICHER SN D RN R W72 OEBEMEYE SR T &
NG IRDDTHA D,

Acidic paper B Untreated
@ \\V ater-treated

R e T =

0 5 10 15
Deterioration time, week

Fig. 3-12 pH of heat-humidity deteriorated acidic paper before and after water treatment
X 3-13 1%, [ U < @EGEEISE SR OREHZ DWW T, K7V —=27
WBDOAREIZ LY pH N ED X D IZZ b LIzhE T, e (Ku ) REfMA

Bt (Japanese paper - no sizing) T, /K7 U —=2 ZWBZ L Y FHEAFITD Sl
PERNCRAT LT Z L 3D, MIRICE TN T V0 VIEOZRFIREH LT
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s e —

4
I
o 4|
B Untreated }Japanese paper
2 | ®Water-treated J (n0sizing)
1 W Untreated }Japanese paper
& \Water-treated © (glue-alum sized)
0 ‘ |

0 5 10 15
Deterioration time, week

Fig. 3-13 pH of heat-humidity deteriorated Japanese paper before and
after water treatment

e eBEZ b, TR IVEOERFNL, MET 7 ) AN RS T VT Y
R OIERM 2o L § 2 5, B (FUH) &4kt (Japanese paper glue-alum
sized) T, BHIZEEMEMI S pH 28 BH- LT, 70 URNIRAT L7, 2
REBATE L VITREANZH D, BRUEME THLIWE (T3 Uy) B L
TelehEEZBID,

ek, K7V == TWBRAIZIIN A AR EMEHA Loy, BESR L7z KiE
IKDITT VT Y Kk EER 2 & SOWE O NV 72 <25 Z L6 TN S
L KEARIZIEIT NV ) BB RN EL GENDL D TERVWNEEZ BN D,

3-4-2 BEHIBIEICEDBOELREKI) VT REBEOFE

4] 3-14 1%, BEGRHBILIC L DMOEOEEZBEZTRLIEZELDTH D,
PERRSS N 7 AR AR D L 9 12, IRBVRHSKIZ L > TpH DR FARFE LT
LOFEOEOELNBRENT LN, Bl AE OB, sl S
HETOMOBE LENE O & B OORE Z R (5 JE N RE L R BHEMICH
LI, KTV —= 2 TWER AT > TR W RIS LA BRI O B OfEIX Z 2
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25

m Acidic paper
¢ Pulp sheet
x 20 || AJapanese paper
%] A JP Glue-alum treated
o 15 - Wateruntreated
c
o
£ 10
©
IS
@)
®)

0 5 10 15

Deterioraton time, week

Fig. 3-14 Changes in color difference of papers with time of deteroration
at 80 °C and 65 %RH.

. BRYEAR 95.2, Fnmk OCRégfn) 92.5. FoH@&fifnfk 92.7, F&#L 97.1 T
HY, TNEZDVBETE. R FBATMEEEHL, A VT F &K K
DOEANRSEITT D LB, BUEWE %250k Clds an BT
THLZEBHGMNE ST,

3-15 1%, IBEVRHIS(L SETBRIEROGEANE OB E, Ko ) —=27
BRRIZ CHIE L b D Th D, HILRFH & & HICEEITHEML THIR, &
LIS BIR A2 K K7 ) —= 0 IR EAT D Z LI L > THICAE BT 1~2 72
ERA Uiz, a7 113, HIERTEWALAS ) L TR TED L UL EE%RT S
W, K7V == 7B L A EOZETARA TR TEHHD TH o7,
RO EF ORI Z D FNIE, V= 0aRYNPERNTHY . EHIZE
S TCHEBMIEPER LY 7= 0 NEEIME ORI 72 812 X 0 B OVE & Ic
RVT5, ZOX)REOEEER-T-) V= 03Kk 7 ) —=v JWEIZIT T
FERELIZK WS, K7 U —=U Z0EIZLY, BEN TR EABITIN
CIXRRD LY THD,

IOV T ORETRTIX, BEROERFTENLRET-eDIl, ~IEk
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25
¢ Water treated Acidic paper

o0 ® Water untreated

Color difference AE*

0 5 10 15

Deterioraton time, week

Fig. 3-15 Changes in color difference of acidic paper with time of deteroration
at 80 °C and 65 %RH before and after water cleaning treatment.

Na—AD 1 DOTHLFXI VT UNEMELTERT I Tt v BRI
HIZERGFT D L 91077, ZOAFEUa U BIRKSCBEDE DIERIC
F0 7T MEMTENT D20, b EBICREAEZRT DI ENHLN
TW5,

3-16 1. U< BEGRH S SOz AE OZb 2R+, JRIER
Thbdav Yy OFMIaEL, BRZRICE2IIWE L20GEIE. KMV L
FRIZERGET 52 812720, RMAIZIZF U T U NEENTNDLTDEA LT
VMEM A RS, L, BRFIE LTRIRT N O AREDT VY HEWE %
v, e 2 e eI AT O T, EmHS A 21T > TH ML LIZ< Wiz

COFEBLHLBEMZ D ENAMEE B 2 B,

3-4-3 SRFILIEIC K AHEWMEEDEL
(1) FlEmRS
3-17 1%, @EGRHEISCAEIC X 2RO EEIE (OU-I1EY) S a2l L
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25

m Water untreated | Japanese paper
o0 | @ Water treated
A Glue-alum treated

Color difference 4E*

0 5 10 15

Deterioraton time, week

Fig. 3-16 Changes in color difference of Japanese paper with time of deteroration at
80 °C and 65 %RH before and after water cleaning treatment.

b THD, I ESHIIHETm (MD) EE2 74, HIXEThEZEn i
KRN, TORBEZPRT 272012, Ml L7z & & O 2RO P& THIE
it GRIVE) LTWo, HalRME OfEiL, #EER ORGSO S OMMEZE D b
DOFREZ LB L TRV, MOFEE L LT 5 & X DR b EARN2YETH D,
BAPERRIZIA & I BRI S ME T LTV A28, BRIKSfRIZ L 58 m—
ZADHNRE E B2 bd, FTERIIME TR LN, BIERIT S
DHACRETT 2 L 1FE 2T < PRFFOKEKIZE ENTWIEEA A 72
ENEER T e — X 8#HEZY D KO RIERARH 7200 h L,
FR I, LM 8 WL EIT/b &, 747 v VOB S
NTEY, A AN L5 EREL TN D,
FIRCRBAECIL, JREN ER L7c, RUPBMARECHIME AN
M=y, sREIA LR Y 4 B2 EE 5 EHIc K AR FICiR Uz, ke
MEIEN D MEHEO AL BRI OME LR 2720 Lzb0eEXLND, f
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100

A Acidic paper
80 ® Japanese paper
o .
E Glue-alum sizing
pd @ Japanese paper
é“ 60 - No sizing
o @ Pulp sheet
=
o 40
w
c
kS
20 +
0
0 5 10 15

Deterioration time, week
Fig. 3-17 Changes in tensile index of papers with time of deteroration at 80 °C and 65 %RH.

bk, B — 2P OIEREE S, REEICH LT 28T, X616
S TN o FEDINARIS ) 2520 TUIB L TW S BER B O, £E Lo+
HRFRIC R TN EZ T Db EEZ NS, ok, HbEa; (Hik
KFfE 0 W) OFIRM S Z il d 5 & RO BARE O TR RENZ &b
5, RUNIEENDGE (=H7) 1 ZEEROREIZ L CTHkHER ORE & 4 iR
L7l TH D,

(2  HrlET L —RILE (TEA)

3-18 ICFP MBI Ot iR L ¥ —RINE (TEA) A% a|ikiR S
EPFE TR, HalRM S TiE, mlisbic kv —BRD L7 b0 EAT5
D \WIE—EM & 72 AENS A Hi7203, TEA Tk, 2~8 i H OZEkIz oW

X203 H5bDODOBE XEREMICH 72,

3-19 1%, EEVREISIIZ L DF&D B o 80 (Glue-alum sizing) %
O R REMRE (No sizing) @ TEA OZ&({bZRT, Foy&fiakE ¢k
ORI TEAAH D . KREBARETH 2K E L TRWVE MERZ R LW D

IRz —1E S%IEFX AR L TRY , KHEFEFITHRNZ Enb, E

FANRKEVOTIER LS, MOMWEDBMIZLE VIS O THLZ &N
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DD, HEIRMS TR ONT X 5 BB b O To LFIT R o7,
1.5 50

> Hardwood kraft pulp sheets
I ¢
s N\ - 40 o
§e)
2 / =
o Q -
g 03
> 2 £
2 20 2
o 05 | e
® —
Kz — 110

0 0

0 5 10 15
Deterioration time, week

Fig. 3-18 Changes in tensile energy absorption index of wood pulp sheets with time of
deteroration at 80 °C and 65 %RH.

2.5

Japanese paper | ¢ Nosizing
B Glue-alum sizing

Tensile energy absorption, J/g

0 5 10 15

Deterioration time, week

Fig. 3-19 Changes in tensile energy absorption of Japanese papers with time of
deteroration at 80 °C and 65 %RH.
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TEA %, SI9RIRS & BIRAEW O (T E Tl ONbRS) OETHY , RE
BN LTH 0O ENIHRET 555613 TEA 2380 L ey, BE
iz X 2AEIL, B TFEPES L TREREEZ L DX 51220 T~ D4y
FRECTNNEC LD, ZOTDHORDRHEN 2 VEFZTHLTLED
DTh D, FERINTHEBHONKE WD T HREO LR, ME LF XD K
X2 mBEERI S E &I TEAITHFRA T2 EE8 2 6015, 1% 3-20 1%,

FIARD R0 BATaE L O B 7 R BB O SR OV 2 7R3, TEA O
77 LI LS PIImEZ R L TEB Y . TEA 1XREGRH S % 52 1T T2 RO fk

+ Japanese paper no sizing
5 ®m Japanese paper glue-alum sizing

Japanese paper

Stretch at break, %

0 5 10 15
Deterioration time, week

Fig. 3-20 Changes in stretch at break for Japanese papers with time of deteroration
at 80 °C and 65 %RH.
WO Z R L TWD &b F XD,

3-21 1%, FBtOSIRMWH R N2 R4, AM VT FE TR BEGR
HAEDHINITITE S E 1T H D b DO DOMWHH O EIZ K E B kT2 < 4~5%
ARG, 16 BETIEHA ST L TWDH EF 25, EOKTHIRESICE
EooENR NN, 2O TH D TEA IXENROEMZLEL TRLWD Z
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EVBDTHOND, BHERORRIZITE>E 1307 RBURHISIZ L0 i
TR O D D LT,

6 - @ Japanese paper glue-alum sizing
@ Japanese paper no sizing

A Acidic paper

S - ¢ ® @ Pulp sheet

Stretch at break, %

0 5 10 15
Deterioration time, week

Fig. 3-21 Changes in stretch at break of papers with time of deteroration at
80 °C and 65 %RH.

3-22 1%, BEGRHI S LM Z K2 V) — = RV U 72 3 A ST
O NTEA BN E B LIzdamrd, K7 U —=2 T &7 Tl
IR TR R ORI L7 Z E b d, WK LTadH & ORI L0 | ki
WU LTz Tz, ORI 72 Th 5, 16 HEF O ER
HlHETIL, FZIRRFICE IR L7 < 2R D12 E OB ET L T2, I
i LT 5 RARBRRFIZZ OG220 S MIT I DA L7 b D L& X
b5, TEA LIZIERBROBEMZRLTZZ b, K7 U —=2 BRI R
T 5 TEA OZALIZEITHEBIH ROELTH D Z bbb,
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4
& m Untreated (TEA)
& Water-treaed (TEA)
359 m Untreated (Str)
® | Water-treated (Str)

Acidic paper

TEA, J/g & Stretch at break, %

0 5 10 15
Deterioration time, week

Fig. 3-22 Changes in TEA and stretch at break of water-treated and untreated acidic
paper with time of deteroration at 80 °C and 65 %RH.

1.6

Pulp sheet

_
- N »

o
fo)

o
~
[

¢ Water-treated
B Untreated

o
N
\

Tensile energy absorption, J/g
o
(00)

o

0 5 10 15

Deterioration time, week

Fig. 3-23 Comparison in changes in TEA of water-treated and untreated pulp sheet with
time of deterioration at 80 °C and 65 %RH.

32313 K7V —=2 ZTHBRN LSS — D TEA I RIFTEEL R LT
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Wh, KZ V== 7RI LY TEA XS THEM L2, 2 b aEEHE O o
BN X 56 o L HERI S 7228, K 3-24 Tl BEEHB NIk s ) —=0 7L
(2 E DHIMEMIT R SN2 o T, AR ORI 72 & 340X TEA ORI
DT IRM S OEINMCH kT 5 Z L2 b0, K7V —=THIC X 5k
GIRFR S ORNA & - 72D E 9 DNIMHT 24T > TV WS IR & 72281k
MIRNETRSNDDT, ZALDERIIATHEOEE TH S,

32
x~
®
o
O
©
G
s 2
)
T r o Water-treated
. Pulp sheet = Untreated
0 5 10 15

Deterioration time, week

Fig. 3-24 Comparison in changes in Stretch at break of water-treated and untreated pulp
sheet with time of deterioration at 80 °C and 65 %RH.

(8) oAU plE®RS
4 3-25 (X, HRBIOLE r A NUEIRERI 2T, BEMEEZ S £V 00
7'U— FCIE, AL 8 B E TIXHMRME DR 2R Tl r AN Bk
RSV T Lgdnodz, BMEMRTIE, MBS RS 8D L &bl r 2
VHIBRE MK T Lz, —J5, BEED RS AAfk cid, S 8 HE T
FAERETIERD LT, 16 BTRE KT L, REBEAMHEETIX. £
LA 1D 2 BIZHT TR AR O D, %IBDOX 327 2b bbb &
INTRRAENRKREL, 18 HOTRXTOHBE THERIERNIRZ bRhoTc s F
25, B, BRMEM K ORI >V CTIEHEST M (MD) & RBEJ7 1 0 8% (] -1
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(MD-CD) DIE%ER L Th D, N 7@K EL LA 35\ T Hifk

HMETRPE 2 HEFF L TN D &0 ) FERIE, X 3-17 OB 3RR ST Rk OB M 2381
NTEY ., BIAKSIRIZ L DL — 25 T8Ok X 2MERT & T
LTI ZMEMAPEIL T, MELHERFLTWZbDEE I HILD,

4] 3-26 1, K7 UV —=0 7B K> TEEMEROLE r A/ N BRI N &
DL I LTI DN T, MD, CD DRI, K& O # D2 1 2R~ d,
M e bR U —=2 FBIZ X 52T b e oo, el %L
X—WULE (TEA) 1%, X322 bbb L oic, K7 U—=1 7Bk Ok
HEDINAE S 5 IEFRABREF X SN D T2 DITK 7 U —=2 Z BN TEA 2 K= <
TBHEHEM L=, K7 U —= A HEHETR S Z O b O3B LB 5 2 78
WEWD Z I TORERITEDOHER Z LFFL TV 5,

¥ 3-27 13, KBAFRGREIO L o 2 BlEMINAK Y UV —=2 FHUED
AR CEDL S EDLLNERT, CD FHTIIKZ UV —=0 WO EITE -
L RbN7e otz MD FHTHEAKZ V—=2 ZJHHEIC K > TlhBu 25|
RIMEDRKELRDIGAES/NE L RDGEDIRIE LT, BRENRRKEL, K7
V== TR ERZEII RN -T2 ER D,

250 & Japanese paper unsized (MD/CD mean)
K @ Japanese paper glue-alum sized (MD/CD mean)
e @ Acidic paper
zZ 200 | APulpsheet
5
)
©
£ 150
Q
‘»
C
2 100 -
c
©
o
Q@
]
N
0 Non water cleaning treatment
0 5 10 15

Deterioration time, week

Fig. 3-25 Changes in Zero-span tensile index of papers with time of deterioration at 80 °C
and 65 %RH. The MD/CD means indicate geometric mean (3 MD -CD ).
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250

B Untreated

¢ Water treated

= Untreated (MD)

+ Water treated (MD)
= Untreated (CD)

o Water treated (CD)

200

150

Zero-spna tensile index, N m/g

100
50
0 Acidic paper
0 5 10 15

Deterioration time, week

Fig. 3-26 Comparison in changes in Zero-span tensile index of water-treated and
untreated acidic papers with time of deterioration at 80 °C and 65 %RH. The

central two curves indicate geometric means (¥ MD -CD ).

250

200

150 S|

100 - = Untreated (MD)

+ Water treated (MD)
= Untreated (CD)
¢ Water treated (CD)

(&)
o
\

Zero-span tensile index, N m/g
@
H&
b

0 Japanese paper (No,sizing)

0 5 10 15
Deterioration time, week

Fig. 3-27 Comparison in changes in Zero-span tensile index of water-treated and
untreated Japanese paper (unsized) with time of deterioration at 80 °C and
65 %RH.
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= Untreated (MD)
| & Water treated (MD)
= Untreated (CD)
¢ Water treated (CD)

Zero-span tensile index, N m/g

0 5 10 15
Deterioration time, week

Fig. 3-28 Comparison in changes in Zero-span tensile index of water-treated and
untreated Japanese paper (glue-alum sized) with time of deterioration at 80 °C
and 65 %RH.

4 3-28 1%, A U< RO BB O R EZ RS, REMAEHIEA~RD &
FAEHM 4 HLLETKZ YV —=2 ZEIC LY B u AR B8R S AME T
DR D > T2, BALLIZ= B I 0NKIZEEH L, AT EiHERE MK L7
AREMES B 5,

(4) SIEms

B4 3-29 1%, WEALI LB RO SR S 2R, 5|58 S I3kEED K
EREHIZ R E S RDEFEDRH U | JIRZER SV T REHED B 72 D IR RO N
NT— b (AR OEMEIZ 72 D) 1ZHAT, Ffko g | #9R S 3R IC K&
WZ EDR DD, U BAAMKSCHEER T, BEYLLHEERA R 25
EEBICKREET L, FuhEAFMILGHE B KOME (ka2 5]
AR ) ORMERIS & & BHETREE O K- L 2 S ek s (K 3-17) 1%
SEWIf 8 MR TlX, RERE TR oIl bbb, HolEM I DK T
MHEAT L7z 2 & d, il bl K2 M E(LOEITIC L D iEDR R 20 | IR
BILOERKR D 1 D& RDMHEDZZIRMEN KNI Z EBFER E RS> TS EE
ZHND, WHENHEN S ICE > T <EloiE b D EERE (@HF 05 RRE &

153



@ Japanese paepr glue-alum sized |
70 @ Japanese paper 14
A Acidic paper

60 -+ . ¢ Pulp sheet - 12

Tear index, mN mz/g

0 5 10 15
Deterioration time, week

Fig. 3-29 Changes in specific tear strength of of papers with time of deteroration at 80 °C
and 65 %RH.

o 2 RUGERBROW ) (IZB8 W T, MO ZiMEILH £V BETIERW
EEZXBILD,

X 3-30 1%, K7 VU —=1 FHLEERI# TOWBLL LI BEMERGUE o L5 | 2458
ENREDLHTEL LT ERT, 8 B OWEAL(LAEL CLHu g | R X 1L 3 4y

1 BRI Lz, BBl 9R8R S O TS 25%FRE TH - = DIz~ 5 Lok E <
DU, TEA & D WIEHREBHHOOIK T &Rk EZ R LTe, K7V —=
THREZ XY . TR 5 TEA RIEROIEE EFNH L2, TEA K TU5|5E
TR O ERAT ETldZe o7z,

X 3-31 1%, K7V —=1 FHBRI#% TOWBBIL L= K7 8B A FERE O
WHIHB SN EDO XS IZE LT ERT, K7V —= 0 TR L - TOR
FIZER XXM LT 2 K5I A 50, ARERE(LEITFE 220,

(56) TR S
4 3-32 1%, WAL HIFE & BICMHITRI N ED LIk T 20 %, 1H1E
PFro T EEOMS R TR LI LD TH D, MR & X IR0 55k
77 (l§ 15 mm &H72 0 OFTE g NEREHI K-> THRARD Z LICERL TV
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Acidic paper B Untreated
5 ¢ \Water-treated
<
e
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0 5 10 15

Deterioration time, week

Fig. 3-30 Comparison in changes in tear index of water-treated and untreated acidic
paper with time of deteroration at 80 °C and 65 %RH.

70

60 -
50 -

40
30
20 -

Tear index, mN n12/g
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Fig. 3-31 Comparison in changes in tear index of water-treated and untreated acidic
paper with time of deteroration at 80 °C and 65 %RH.
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Fig. 3-32 Changes in ISO fold number of papers with time of deteroration at 80 °C and
65 %RH.
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Fig. 3-33 Comparison in changes in ISO fold number of water-treated and untreated
acidic paper with time of deteroration at 80 °C and 65 %RH.
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Fig. 3-34 Comparison in changes in ISO fold number of water-treated and untreated pulp
sheet with time of deteroration at 80 °C and 65 %RH.
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Fig. 3-35 Comparison in changes in Specific light scattering coefficient of water-treated
and untreated acidic paper with time of deterioration at 80 °C and 65 %RH.
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Fig. 3-36 Comparison in changes in Specific light scattering coefficient of water-treated
and untreated Japanese paper (unsized) with time of deterioration at 80 °C and
65 %RH.
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Fig. 3-37 Comparison in changes in Specific light scattering coefficient of water-treated
and untreated Japanese paper (unsized) with time of deterioration at 80 °C and
65 %RH.
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Fig. 3-38 Comparison in changes in Specific light scattering coefficient of water-treated
and untreated Japanese paper (unsized) with time of deterioration at 80 °C and
65 %RH.
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Fig. 4-1 Dimensional changes of
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Fig. 4-2 Automatic pounder
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Fig. 4-4 Procedure of moisture content adjustment.
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Fig. 4-6 Reflected light (a) and transmitted light (b) images

of pounded copy paper.
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Fig. 4-7 Surfaces of compressed copy paper before (a)
and after (b) paper pounding and
cross-sections of compressed copy paper
before (c) and after (d) paper pounding..
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Fig.4-8 Structural properties of pounded copy paper vs. hammer driving pressure.
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Fig. 4-9 Gloss of pounded copy paper vs. hammer driving pressure.
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Fig. 4-10 Tensile properties (MD) of pounded copy paper vs. hammer driving pressure.
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Fig. 4-11 Stretch at break etc (MD) of pounded copy paper vs. hammer driving pressure.
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Fig. 4-12 Tensile properties (CD) of pounded copy paper vs. hammer driving pressure.
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Fig. 4-13 Stretch at break etc (CD) of pounded copy paper vs. hammer driving pressure.
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Fig.4-14 Tensile properties (MD) of pounded Japanese paper vs. hammer driving

pressure.
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Fig.4-15 Stretch at break etc (MD) of pounded Japanese paper vs. hammer driving
pressure.
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Fig. 4-16 Tensile properties (CD) of pounded Japanese paper vs. hammer driving pressure.
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Fig. 4-17 Stretch at break etc. (CD) of pounded Japanese paper vs. hammer driving pressure.
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Fig. 4-18 Structural properties of pounded copy paper vs. moisture at compression.
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Fig. 4-19 Gloss of pounded copy paper vs. moisture at compression.
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Fig. 4-20 Tensile properties (MD) of pounded copy paper vs. moisture at compression.
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Fig. 4-21 Stretch at break etc. (MD) of pounded copy paper vs. moisture at compression.

176



80 1.5

Zero-span tensile index
o 70
€
=z 60
><” (]
o = (] - 1 =
e
2 %0 Density 3
o (@]
3 40@d .
c =
() [%)]
230, —o——9 . -
@ Tensile index 20
2 20
5 10 Wetted and dried
0 T T T T T T T T T T T O
T 01 2 3 456 7 8 910
Non-

treated  Moisture at compression, %

Fig. 4-22 Tensile properties (CD) of pounded copy paper vs. moisture at compression.
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Fig. 4-23 Stretch at break etc. (CD) of pounded copy paper vs. moisture at compression.
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Fig. 4-24 Tensile properties (MD) of pounded Japanese paper vs. moisture at compression.
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Fig. 4-25 Stretch at break etc. (MD) of pounded Japanese paper vs. moisture at
compression.
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Fig. 4-26 Tensile properties (CD) of pounded Japanese paper vs. moisture at compression.
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Fig. 4-27 Stretch at break etc. (CD) of pounded Japanese paper vs. moisture at compression.
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Fig. 4-28 Wet-stretch (MD) of pounded copy paper for varied hammer driving pressures.
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Fig. 4-29 Wet-stretch (MD/CD) of pounded copy paper for varied compression pressures.
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Fig. 4-30 Wet-stretch (MD/CD) of pounded Japanese paper for varied compression pressures.

Fig. 4-31 Cross sections of pounded copy paper before and after water absorption.
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Fig. 4-32 Water absorption rates of uncompressed and compressed copy papers.
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Fig. 4-33 Wet-stretch (MD/CD) of pounded copy paper for varied moisture contents.
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Fig. 4-34 Wet-stretch (MD) of pounded Japanese paper for varied moisture contents.
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Fig. 4-35 Wet-stretch (CD) of pounded Japanese paper for varied moisture contents.
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ABSTRACT

First, the history of Japanese paper technology was overviewed. There were three
major historic evolutions that occurred in a long history. The first evolution was use of
shorter fibers from hemp to paper mulberry, Gampi, and Mitsumata fibers
chronologically. This transition means that the choice of papermaking fiber sources
oriented itself towards shorter fibers for good sheet formation and for reduced labor to
cut long fibers. The second evolution was use of Neri for dispersing fibers in
combination with flow sheet-forming method, that is, the third evolution both for good
sheet formation to improve brush writability. Second, the technique to determine fiber
orientation was introduced. Degree and angle of fiber orientation of handmade sheet
surfaces depends on the forming screen motion, which are defined as two sheet-forming

methods; the still sheet-forming and flow sheet-forming. Korean and Japanese papers
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manufactured by the traditional methods were well distinguished by this technique.
Last, a new database system for paper properties of historic documents is in process of
creation. It was proposed to share the datasheet format and finally the data of a lot of

historical document paper between the three countries.

INTRODUCTION

Modern papermaking history, and traditional paper history and science have
become more and more important as industrial and cultural resources, respectively to
preserve and hand down to next generations. Scholars involved with these matters
belong to a variety of fields such as preservation and restoration of paper cultural
properties, records and archives sections of paper companies and paper industry, paper
art, historical sciences, and pulping and paper sciences. This article refers to natural
science, historical science and restoration technology related to traditional paper
—dJapanese paper— and consists of three chapters; brief history of Japanese paper
technology and industry, a technique for prediction of hand sheet-forming methods by
using fiber orientation determination, and a creation of paper property database of

historic documents and proposal to share the database system and the practical data.

HISTRORY OF JAPANESE PAPER TECHNOLOGY AND INDUSTRY"

Paper manufacturing began in ancient China. In East Asia, this technology passed
first to Korea some time between the second and fourth centuries according to an
ancient Korean record” and then to Japan in 610 according to the Yamato Dynasty
Chronicle of Japan. In the document, it is described that a Korean priest Doncho (Z#),
as an ambassador of the Goguryeo (= /JBE) Dynasty, visited the dynasty government
and instructed how to manufacture paper as well as paints with pigments, Chinese inks,
and hydraulic mills for beating fibers.

Domestically, there have been several evolutions in papermaking technology. In
view to historical transition of fiber sources for papermaking, cloth fibers such as hemp
(Cannabis sativa L., XJ§), ramie (Boehmeria nivea., %), and linen (#iff) were used

initially. Later, however, the paper materials for ancient Japanese art and documents
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were made also from other bast fibers such as paper mulberry (Broussonetia kazinoki
Sieb., %, Kozo) as are contemporary handmade papers that are manufactured in the
traditional ways. This fact is recorded in the Shoso-in (IE& %) documents as of 751 and
it suggests that paper mulberry was widely used in those days. Then, use of Gampi
(Diplomorpha sikokiana, JfEfZ) started immediately next to paper mulberry. It seems
that Mitsumata (Kdgeworthia chrysantha, —f%) started to be used almost in the same
period, but the first year when use of Mitsumata was described in a document (order for
papermaking work from Ieyasu Tokugawa, the founder of the Edo government) is 1598.

As listed in Table 1, the Table 1 Three major historic evolutions of Japanese paper

historic transition of fiber sources 1 ygq of shorter fibers from hemp (i) to paper mulberry

mentioned above is positioned as (k&), Gampi (JEFz), and Mitsumata (JffEfz) fibers in the

one of the important evolutions of chronological order.

papermaking  technology  for 5 se of Nerifor dispersing fibers for good sheet formation

Japanese paper. Shorter fibers 3 pjoy sheet.forming methods for good sheet formation

have advantages over longer ones

because fiber flocculation can be avoided to manufacture homogeneous sheets for better
brush writability. Hemp fibers about 100 mm long must have been cut to shorter pieces
for that reason and the manual cutting work required a lot of time and energy. To
reduce 1it, fiber sources used shifted to shorter fibers such as paper mulberry 10 mm
long, Gampi 5 mm long, and then Mitsumata 4 mm long.

The second one of the papermaking techniques typical of Japanese paper is use of a
natural fiber-dispersing agent called Neri, a viscouse liquid extracted from roots of
abelmosk (Abelmoschus manihot, #%%%). The use of Neri is regarded as a Japanese
typical innovation by Japanese scholars in the field of Japanese paper culture. Ners
includes polyuronic acids” with anionic carboxyl groups that disperse fibers well by
electrostatic force for good sheet formation and control of dehydration speed.

The third one is the flow sheet-forming method. In this method, a mould with a
forming screen composed of bamboo splints is dipped into a vat containing beaten fibers
suspended in water with some amount of Neri. The filled mould is lifted above the water
and then moved back and forth or sideways, so the sheet becomes homogenized and
excess fibers are thrown off. Several dips form one sheet, which is then transferred to a

pile of paper to be pressed together followed by drying on wooden boards. The
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combination of the flow sheet-forming method and Ners provides a synergetic effect on
homogeneity of sheet formation. The use of Neri and the flow sheet-forming method are

speculated to have been initiated in the Nara Period (710-794) or the Heian Period

(794-1192).

Since then until the beginning of the Meiji -
Period (1868-1912), wood-processing technology §
to manufacture forming screens had been 5 2 .l-
improved as we can see the transition of the g 87 J.
frequency of laid lines that constitute a forming ..% 16 .I. I E
screen. The Daitokuji documents (1168 - 1708) % 14 ]
were surveyed for the historic transition of laid 5 12
line frequency. Figure 1 shows that the laid line &(@ (g\@‘b\ q/(\b(”\ 6\(@
frequency decreased from 14 lines/sun (“sun” is \@H'{b (b&/\b‘ n;b(.é\ 6\,,)/6

N N ,\b‘ N

the traditional Japanese unit of length equal to

30.3 mm) in the 12th century to 19 lines/sun in  Fig. 1 Mean laid lines frequency

the mid 16th to early 18t century. This determined every 135 years for
measured frequency shows a good continuity Daitokuji documents papers.
with the data from Ryukoku University Figures in parentheses after year

documents surveyed by Kato? He mentioned that the frequency was a little less than 20
lines/sun from 17th to the mid 18th century and it increased suddenly to 20 to 30
lines/sun from the late 18th to the early 20tk century.

As an industry, Japanese paper continued to increase the production scale with
paper demand expansion. However, it started to compete with western paper when 7
western paper companies were established between 1872 and 1875. Around 1912, the
productions of Japanese and western papers were reversed. The number of houses

where paper is manufactured started to decline after peaking in 1902.

CHARACTERIZATION OF JAPANESE PAPER
BY FIBER ORIENTATION DETERMINATION®

Traditional sheet-forming processes used in the manufacture of Korean paper (5

#%) and Japanese paper (FIfft) are classified into two methods, depending on the screen
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motion: the still sheet forming method () and the flow sheet-forming method (/i)
as mentioned in the previous section. These two methods still remain the major
hand-making paper technologies. The motion of the screen in the two methods is
reflected in the fiber orientation of the paper in different manners. One can often easily
find fibers running in a specific direction on paper surfaces. However, it is impossible to
evaluate the degree of fiber orientation (anisotropy) or the exact direction (angle)
objectively by visual inspection alone. An image analysis technique allows one to
quantify the degree and angle of fiber orientation of paper surfaces nondestructively.
The purpose of this work is to characterize the sheet-forming methods and technology

used for manufacturing papers of historic documents.

Experimental — theory and methods

Statistically, fiber alignment is expressed as a fiber orientation distribution as a
function of angle. As a consequence of the statistical calculation using FFT (Fast
Fourier Transform), the fiber orientation degree and angle (the right direction from the
view of the standing craftsman is assumed to be 0°) are determined as follows®. First, a
micrograph as a 256 grey-level image was trimmed to a size of 1024 X 1024 pixels
(Figure 2a, for example) to facilitate the FFT computation. Second, the images were
binarized using a dynamic threshold method of image partition (Figure 2b). FFT was
computed with these binary images to obtain power spectra like that shown in Figure 2c,
which was calculated from Figure 2b. The central bright region and its horizontal
extension relate to the fiber orientation. To evaluate fiber orientation, amplitude (the
square root of power) was added in the radial direction from the origin. That is, for each
angle between 0 and 180° above the horizontal axis, the mean amplitude was calculated.
If the mean amplitude values are plotted as a function of angle in polar coordinates,
fiber orientation diagrams like the curve drawn with the thicker line in Figure 2d are
obtained. The elliptical curve drawn with the thinner line as an approximation has
longer (1) and shorter (S) axes at right angles to each other. The angle of S (0<S<180°)
represents the direction of fiber orientation. The magnitude of elongation, calculated as

length L divided by length S, represents the degree of fiber orientation.
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Fig. 2 Micrograph of screen side of Japanese H with digital optical microscope (a),

binary image (b), FFT spectrum (c) and distribution diagram of overall fiber

A digital microscope DG-2, Scholar Co. Ltd., Japan was used to acquire reflected
light images of paper surfaces with a 100X magnification lens. Specimens were

illuminated on a scanning stage at a low angle.

Experimental — samples

In the experiment, handsheets were prepared so as to simulate flow sheet-forming
and still sheet-forming from a suspension of mulberry fibers after beating to 1000
revolutions with a PFI mill. Neri was added to the suspension. Bamboo splints of the
screen were 0.1 mm thick and woven at 28 lines/sun. The papers prepared in this
condition will be referred to as model papers in the following sections. In addition,
contemporary papers manufactured using traditional methods in South Korea and
Japan were examined to determine fiber orientation. The samples used were Mino
paper with a basis weight of 61 g/m? (Japanese H) prepared by S. Hasegawa. Mino
paper is one of the major Japanese paper products. Jangji of 57 g/m2 (Korean J) and
Uiryeong of 52 g/m2? (Korean U) were made at craft studios in the traditional

papermaking districts Uiryeong and Jangji, Korea, respectively.

Results and discussion

As Figure 2 shows, in the case of Japanese H, the degree of fiber orientation is very
high and the orientation angle is almost 90°. In contrast, the distribution diagram of
Korean J (Figure 3d) is relatively isotropic, indicating that there is no specified angle of

fiber orientation. Accordingly, the fiber orientation degree is as low as 1.02.
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Fig. 3 Micrograph of screen side of Korean J with digital optical microscope (a),

binary image (b), FFT spectrum (c) and distribution diagram of overall fiber

Figure 4 shows the degree and angle of fiber orientation for the three kinds of
contemporary handmade papers. For the screen side, all the samples give high degrees
of fiber orientation ranging from 1.16 to 1.22 and orientation angles of about 90°. For
the top side (the other side of screen side), Japanese H gives a fairly high degree of fiber
orientation, while Korean J and U show no fiber orientation because the degrees are
almost equal to unity. The corresponding orientation angle of Japanese H is about 90°,
although those of Korean J and U have very large 95% confidence intervals, denoted by
the symmetrical error on the top of each thick bar in the figure. This result means that
the determined orientation angles have large deviations and thus uncertain. The
orientation angle of 90° means that the craftsman slanted the mould by lowering the
edge on the far side from him as he regularly does. Exceptionally, the top side of Korean
repair paper J gives an orientation angle of about 170°. However, the 95% confidence
interval of the orientation angle is very large in this case, and the orientation degree is
as low as 1.02. Therefore, it is reasonable to assume that this case indicates random

orientation.
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The general tendency of the data was to show the two-sided nature of fiber
orientation degree indicating that the screen side always has higher degrees. Fiber
orientation was examined with the model papers prepared in the laboratory by
simulating typical motions of the traditional sheet formation. Figure 5 shows the degree
and angle of fiber orientation obtained by the different sheet-forming methods. As
expected, the flow sheet-forming method shows the highest value of orientation
intensity (> 1.15), indicating strong fiber orientation, and the still sheet-forming method
shows the lowest value (< 1.10), indicating random fiber distribution. The sequential
flow and still sheet-forming method has intermediate degrees for the screen side, and

the random orientation of the top side is as expected from the low degree.

PAPER PROPERTY DATABASE OF HISTORIC DOCUMENTS

Our research team of paper cultural heritage has two researcher groups in
different fields; historical science and paper science. However, our team members
together are now trying to create a nation-wide database on paper properties of historic

documents. This effort is worth confirming historical evidence and reviewing historic
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papermaking technology.

Some paper properties are customarily measured and recorded before and after
restoration of paper cultural heritage in restoration workshops. But, the format of the
datasheet is not common to all of the workshops. One object of our project is to share the
paper property data of many historic documents for information exchange and to create
the database system as a platform for that purpose. In our new database system in
process of creation, the datasheet shown in Figure 6 is proposed. This datasheet view is
for browsing all the recorded data, and when input by restoration workers, user-friendly
prompts appear for input assistance. In addition to document properties like document
name and written age, and paper properties like dimension, basis weight, thickness,
density, color and presence of starch as a filler, frequencies each of splint and chain lines
are automatically calculated from a transmission image and its scale. Moreover, fiber
orientation degree and angle can be also calculated from uploaded images by the
built-in program.

This database system will help with classification of past Japanese paper.

Traditional term ey
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to  distinguish

past paper by CEmm

means of types
of fiber sources, Fig. 6 Datasheet for recording paper properties of historical
added components, structural characteristics like wavy wrinkles at surface, optical

properties etc, as long as place of manufacture is unknown, as is common.
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Mechanical properties of paper deteriorated at high temperature and
humidity and pounding-processed paper and their change by moisture

Toshiharu ENOMAE', Emiko WADA!, Madoka SATO? and Masamitsu INABA?

Abstract

Restoration of paper cultural properties carries a risk of damage to the restored paper from
repair paper with different properties. If the repair paper used is likely to have no detrimental
effect on the restored paper, different degrees of dimensional changes caused by humid-and-dry
cycles between the two papers may cause serious damage for a long time after the restoration.

Therefore, before and after aqueous treatment as a simulation of cleaning processes,
mechanical properties was compared for acidic western paper, Japanese paper from Kozo fibers,
the Japanese paper coated with a glue and alum solution, hardwood pulp sheets deteriorated at
80 °C and 80 % relative humidity up to 16 weeks. Consequently, by the aqueous treatment,
single fiber strength decreased for the deteriorated glue-alum-coated Japanese paper, but
showed no change for all the other papers regardless of deterioration. Tensile energy absorption
(TEA) increased by the aqueous treatment, suggesting that the aqueous treatment provided
paper with toughness or resistance to tensile stress. However, increased stretch at break implied
that shrinkage during drying increased TEA. Presumably, the paper sheets shrank during drying,
making slight amount of bonding between or inside fibers, and some more energy was required
to break these bonding during the tensile test.

Paper pounding-process used to be performed to Japanese paper historically to reduce

bleeding problems for Sumi ink in handwriting. When repair paper is manufactured for the

! Graduate School of Agricultural and Life Sciences, The University of Tokyo, Japan
% Graduate School of Conservation, Tokyo University of the Arts, Japan
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restored paper so processed, it is often finished by paper pounding for concordance. To examine
water absorption properties and dimensional changes, wood-free copy paper was pounded at
different strength by altering the air pressure to drive a hummer for different repetitions. Strong
paper pounding increased the apparent sheet density from 0.77 to 0.97 g/cm3. Tensile strength
decreased slightly, but stretch at break and TEA showed no change. Water absorption rate
increased and elongation due to swelling appeared more quickly as the strength of the pounding
process was increased. This fact probably means that pounded paper elongates quickly in

moisture adsorption. Influence of repair paper properties on the restored paper will be discussed.
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Mechanical properties of paper deteriorated at high temperature and
humidity and pounding-processed paper and their change by moisture

Toshiharu ENOMAE', Emiko WADA, Madoka SATO? and Masamitsu INABA?

1 Graduate School of Agricultural and Life Sciences, The University of Tokyo, 2 Graduate School of Conservation, Tokyo University of the Arts, Japan

Objectives:

Restoration Hammer u
processes might impair the Repajr paper
restored paper due to the \
repair paper with different \ <71—>
properties such as Dimensional
different  degrees  of Worm hole changes Wet paper  PET film
shrinkage  caused by (3 sheets)
humid-and-dry cycles Cultural heritage paper

(Fig) Influences  of Fig.2 Testing paper-pounding

; aqueous treatments on

L8 paper properties related to
{' & restoration were examined.

Toshiharu ENOMAE Paper pounding-process (Fil2) used to be performed to Japanese paper historically to reduce bleeding

problems for Sumi ink in handwriting. When repair paper is manufactured for the restored paper so processed, it is often finished by paper

Fig.1 Deformation by different
dimensional changes

pounding for concordance.

Experimental: Samples |
Change of pH and mechanical Table 1 Paper samples used Ll
properties were compared for 4 kinds Paper Basis weight (g/m?) Hygrothermal (HT) aging
of paper (Table 1) with deterioration Acidic paper 66~69 (80°C and 65%@)‘
time by hygrothermal (HT) aging Japanese paper 30~34 @
b.efore and after water t.reatment to \(ngﬁaer-:z?npc?g;re d) 31~37 Water treatment
simulate aqueous cleaning process Pulp sheet (HBKP) 59~78 {}
(Fig.3).
In addition, effects of pounding processes on wet-stretch behavior were examined for copy Measured properties
paper and Japanese paper. Pounding pressure and moisture of samples were altered. Tensile strength and stretch

= Tensile energy absorption

Results and discussion: = Zero-span tensile strength

Water treatment increased pH, that is, recovered neutrality from acidification.

Tensile strength was decreased except for Japanese paper and single fiber strength Fig.3 Experimental flow
(zero-span) was decreased for every sample by HT aging.
Tensile energy a
absorption (TEA) decreased @ Untreated (TEA) 4.5 c
S & Water-treaed (TEA) 4 Lopy 0.50
for every sample because < & Untreated (Str) 838
tensile stretch until break g 349 © Water-treated (Str) 35 - 015
- o 3 No|pounding
decreased (Figd). TEA was = Acidic paper & - |
recovered by water treatment 35 = 25 | ]
(Figd), suggesting that water 2 L 2 \ (Pounding
- , @ 2 CD pressure, MPa)
treatment provided paper with = &5 15 -
toughness or resistance to g) 1 MD l
tensile stress. This - 0.50
- o < 05 - ,gﬂg
improvement is derived from L|I_J 0 075020
difficulty of stretch induced by - Nerpounding
shrinkage of paper and 0 5 10 15 0 100 200
inter-fiber bonding formation Deterioration tirre, week Time, s
during drying. . .
) Fig.4 Changes in TEA and stretch at Fig.5 Wet-stretch for varied pounding
Wood-free copy paper .
, break by hygrothermal aging and pressures
was pounded at different water treatment )

pounding pressures. Strong

pounding increased the apparent sheet density from 0.77 to 0.97 g/cm®. Tensile strength decreased slightly, but stretch at break and TEA
showed no change. Water absorption rate increased and stretch due to swelling appeared more quickly as the strength of the pounding
pressure was increased. This fact probably means that pounded paper stretches quickly on moisture adsorption. Repair paper pounded well
may stretch and shrink largely by humid-and-dry cycles and might cause damages to the restored paper.
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Validity evaluation of restoration methods for paper cultural properties
— Consideration of aqueous cleaning processes —

HEEME . OILATHEIE, FRIEB
Madoka SATO, OToshiharu ENOMAE and Masamitsu INABA

Abstract

In the processes of restoration of paper cultural properties, water is often applied. To remove dust and
colored stain, water mist is dispersed over a whole sheet of those kinds of paper as an initial treatment.
However, water changes the sheet structure and may break hydrogen bonding between fibers, finally.
Therefore, in this work, possible detrimental influence of water treatment was examined from a

standpoint of mechanical properties.
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PR D & BRPETERE (77D 2 7 — A0 . Rt (RO ypl & L8), Fifk (Fo¥gl
72L) . RBAT TR (REREAY 77 LT v — & JIS P 8222 IXHE-> Tig#l, PFI
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# 1M L-alk 4 LR

k4 English term PP (g/m?)
P Acidic paper 66~69
ik (R ¥5|&) Japanese paper, glue-rosin treated 31~37
ik (Fo¥aL) Japanese paper, no sizing 30~34
F K Pulp sheet 59~78

PLEDOFREZ 270 mm X320 mm FRE DO K& OB A & U CEILL T, &Rt L7z,
WA A% (BEE 230 g/m®) % 290 mm X400 mm O K& SZEHE L 72, 290 mm X420 mm
X18mm DEME T = h 7 L A KO TR L,
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8. 16 L L7,
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1772l () ), BB ZEWRICEATEEE Y =y N LV AEENGIY L,
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IV L ((g) &8,

2.4 HIE
TFEEIZ SN TIE, BIERER, B o A X055k ER, 5128k, mMIrRBRa21T -7, #&
RIFHSIERE (N-m/g), IR R L —IIN (J/g) ., tbBu XA X 5EM E (kKN - m/g) .
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FERIZR &, ISO MM S & LRz, Zoft, & Unclamped
3 (CIEL'a'b' #6500 AE) . #iROAKIT 10 45FiE5 v
L7-& & DD pH %l L 7=, Test
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ORIFZ 100 mm (B 100mm ORE %3] >HED &

WH L) LT ADICHA, WRETOomm &gn k  Tensile =

load
RSN EEZ WS, X 2 122 O 2R
+ Clamped

o

Fig.2 Jaws of zero-span tensile apparatus
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