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Table 1-1 Properties of printing paper

Basic Properties Size, Basis weight, Thickness, Density

Optical Properties Whiteness, Hue, Opacity, Gloss

Structural Properties | Smoothness, Air permeability, Oil absorbency, Sizing degree

Strength Properties Tensile strength, Bursting strength, Tearing strength, Folding

resistance

Dimensional stability | Stretch, Curl,

Others pH, Ash, Edge Dust, Impurities, Static Electricity, Preservation
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Table 1-2 Classification of printing paper

Sort Classification

Printing paper A (Chemical pulp 100%)

Uncoated paper Printing paper B (Chemical pulp 70% to 99%)

Printing paper C (Chemical pulp 40% to 69%)

Printing paper D (Chemical pulp less than 40%), Others

Art paper (Coated weight about 40g/m?)

Coated paper Coated paper (Coated weight about 20g/m?)
Cast coated paper
Light weight coated Coated weight (less than12g/m?)
paper
Special printing paper Color wood free paper, Postal card paper, Security paper

Copying paper (non-carbon paper, others )

Information paper PPC paper

Thermal paper
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Table 1-3 Composition of printing ink

) Inorganic pigment
Pigment { Organic pigment

—  Coloring matter

— Oil dissolved dye
Dyestuff Dispersed dye
L Others
— Vegetable oil
—— Oil  ——  Synthetic oil
L Mineral oil
— Natural resin
——— Vehicle —— Resin Modified resin
L Synthetic resin
[ Hydrocarbon
Alcohol
—— Solvent Glycol
Ester
Ketene
L Plasticizer L Others
— Wax
L Additives ——+— Dryer

Dispersing agent
L Others —[ Thickener
Polymerization initiator

1222 £ %Dy b

A VEMRICEBT D L, T EE 7 AFORAINDREHN~RE LIGD 5,
ZORER, Ml oA X EENOEAIEITMRT L, A > X REDOFREIMEN K
DIy, KEITEE VAL RS2 RD, ZOXIRIREIZR T X, A
XNy RLIZEWD,

Ty FEREETDEVIEBRTH- T, ERICHME, Bl nwy &
TIERW, LEN-T, FETHMmCEIITA U FIFHBELCLE Y, EORER
FUTE Y LD E W) BfERERITR Y, L L, 'y MR8
&, A UXHEBARGEB SN EOL— MIMETIEBOVD VT T AL
Do

A X0ty ME, AR L7 L D ICHROMH 72 FLOHF ~DEHIDIRFHIT L -



e, M TOBEHDORBIZIEEHRLEEZIONDLDOT, V—HA Tt v
acuvemﬁt@nﬁgmﬂmkéﬁé(m%k@é:a@ﬁ%éwk

ZIT, hRBRS, r BEE, v WEORMmES, 08k, 5ok
E, B TH D,
MROHIBIEMEIZBWT, 'y MIEFICEETH D, TORBBHFLRL DN
FIRDEIRT, AL LTy PR RD ERIBDEGRIIET 5, £/, 1
FOMT7 oLy MCBERT D, By MIROWER - (LFROREE &
BB RS, IR TR A2 HERIE A O F O & OE St 23 SR T do
Do

1223 A 2O

A U XD E O EDLTIRE DD 7NV TH Y, s
KX0A a2 TDHE, BN, ZiEH MMEé@,%%ﬁWWEME:
2 5(7,

AL, BNVl O—D2THIWHNERFET LI LI oTA U Fn
T 524 7T, REBURLDIZTTETA IR DH, FT7ET A4 FIE
FROMER (B ANCTET St R EEARIL LT WL H I Prom s 8o
L BORISER 2 G TODD, ZOBEANIV - 2 AR S, 7%
BT D, TP EATHDLKET T ET A%, KETIVIT—LERA
ELTHED 2 &2BRD L ATFERBUTH DL, MEETHRVERL
TNDA XV xy TV U H—HDA U FH 60~90%DK%E ETARREATH
Do

RIGHA XX, A POy (S H, fihie &) IR
FEL, REICEBSREE, BORRENE-s CHRIEZBKRT2b0THS, #

2% LT ARKSEE R IE, 13 A ERFE LW TIRHICERAE T D727 &
KRS D, M A o FIX, A 2 Fpo 2RI L S5 WO HIFNZ WS 5,

FRALEATRNE, MAREIR], MIREIRL, A~ > S ERO HCm s TR 2
Anwbhd, A XHOBESN, BRHPOBRELERISLTEAT DI LICE
> TELT 5,



AR (U LR A > 0%, @B OMRFTRISC A7 & >~ MEIRICHW S 1,
AVFHOE ) ~v—, IV Av—DDENRERFIC LD AR ~—I22b+52 &
(XD D, BREIEERIC K D EEM DR &, WA I X D BREAM N
ZEAERVRIEDH D,

UboXiiz, £ rdaip@hiick v 4 FEICE LR, EBRICEZEn
ZNDA XN =0 RTZTIC L > T o Tidew, BLEARO
F78y MM UFE, B VOREVPBICESITHESL > TEITT 2, £,
F 7%y MNgtEHIRER A o Xi2iE, 74y 78y Mille—FEy RRIER
bo, 74y 7ty MUTIRELEBLES & CHRT I2NZOEERITIREICSH
5, b—hty ML, e LoRE, BAOER, fEOBILESOIEC
HLEE T, 2D OHT, BUZ X DEEHI ORI MBI SR T 5 0T
FEMAIC R LT\ D, FT, MEEEOBERS IEENT S L TRV S5 MK
W6, BLES ST CTIEHEREAR+507 e, SAMRUVRELEL & GFH L
7oA U BN TNSD[S],

1224 BLESG L & EIMRUV)BEILES

(1) B bEA UG [9-12]

BALESICE > THIET LA 0 e 7 Wi, @fEld D Wi iEmes
YOG BRSNS ®mICE T4, T D RMEMAS 23225 H O FE SR (02) & I
L, BILEAIZE > TERDTOFMKLRT V& 7o THEIFEEET 5,
HMEI O TR 1T, REEMIENRE L ZMMT7 Vv a— L EDZXT L TH D, R
KA ORI EE L 2 K 1-4 ITRT,



Table 1-4 Ratio of fatty acids in vegetable oils

Palmitic Stearic acid  Oleic acid Linolic acid Linolenic Eleostearic

acid acid acid

Soybean oil 10.4 4.0 23.5 53.5 8.3 -
Linseed oil 6.6 2.9 14.5 154 60.6 -
Tung oil 28 39 1.8 29 5.8 8.1 6.5 85 0 12 75.0 83.0
Castor oil 1.0 1.1 0.7 1.0 3.1 41 44 438 0.5 09 -

Palmitic acid Linolic acid

CH3(CH2)14COOH CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH

Stearic acid Linolenic acid

CH3(CH2)16sCOOH CH3CH2CH=CHCH2CH=CH(CH2)7COOH

Oleic acid Eleostearic acid

CH3(CHz2)7CH=CH(CH2)7COOH  CH3(CH2)3(CH=CH)3(CH2)COOH
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\

CH2-OOC DDV

0 CH=CH
Il
CH3(CH2)+C-CH CH(CHz)7COO-

'&CH-CH OO coeemens
ﬁ.& Q\\\ /
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CHs
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DUVVVNN (CHZ)H

Fig.1-1  Diels-Alder reaction mechanism (Linolic acid)
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* One functional group » Two functional groups

/\(o\/\o/\/o\/ /\(O\/\/\/\/\/O\I(\

o 0] 0]
Ethylcarbitolacrylate NDDA (1.9-Nonanediol diacrylate)

* Six functional groups

DPHA (Dipentaerythritol hexaacrylate)

Fig.1-2 Chemical structure of acrylate monomers
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(Initiation) I I*
Alpha cleavage type (IA + IB) *JA +1B
Hydrogen abstraction type [* + R-H IH +R
(Propagation) I +M M

M +M — M-M ,M-M +nM, P

(Chain transfer) P +A — P+A A +M,P

(Termination) P +P 2P or P-P

I : Photo-initiator, M : Monomer, P : Polymer
A : Chain transfer agent, * and : Radical

Fig. 1-3 Radical formation of UV curing
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Fig.1-4 Measuring head of Beck”s smoothness tester
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Fig.1-10 Prufbau printing tester
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Fig.1-11 Printing Bureau original printing tester

15 [27]
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Lo, WL ONDOERIZ L BEROFZEBENENT D720, EHERR
T, FHMESRERGE L H D,

— Sample holder
Test liquid

. . ~4— Ultrasonic-receiver
Ultrasonic-transmitter Ultrasonic-receive

" Sample fixed onto
Sample holder

Fig.1-13 Principle of dynamic penetration tester

1.6.2 ( )[31,32]

—EBDEEZ T A LT~y RAR v 7 Xz BlEsHRSMNE R0 A 723
BRI S, ~y KR v 7 A&
EADOAY v bzl L CRImICKZ
SERICWI E 5 (X 1-14), FHRO
[ 2 28 2 CHIE 2 40 L, ™ Routing
[l & AR D SR % L 728
B o & S0 b kAU X0 IR
M, =B ELZREHET 5,

Headbox

Fig.1-14 Bristow’s instrument

%@w#%Tmmy:XUf&;£i£$$3X“mo .............. (12)

ARSI S (FE 40 £41) x 1000 .
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AR DHRE EV(ml/m?) =

“(1.3)
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Liquid transferred to paper (ml/m?)

1

1 ) 1| | 1 !
0.01 0.1 0.2 0.5 1.0 1.5 2.0

Absorption time (s!/2)

Fig.1-15 Amount of liquid transferred to paper
on a square-root time axis
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Fig.2-1 SEM images of intaglio prints
(A) SE (Secondary electron) image, (B) BSE (Backscattered electron) image
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Fig.2-2 SEM images of offset prints
(A) SE (Secondary electron) image, (B) BSE (Backscattered electron) image

Helle 513 > F 850 L MER D O F- B OEZFM L TRIE TG (fLAL
Byt 7y NEIRZBIE LT [6-8], IW—AR 7T v 7 ZEENIHWZ
A X EOEHFFEN 111 THLHIDIZX LT, Mot o— sy o FsR
FTEIZ 133 THY, A o FEMOFEHR RO QERHFEFBHBOILED
EWE LT, HIREADZ8IE LT, LrL, I—Rr 77 v 7 L0 EYRT&
DR EZWEEZ AW Za0OHIBIMICR LT, A rF Mo RT8EO%E
DEDITNESLK RDLT2D,ZOFEOHEMAIZ L 58T L <D, £/, ZD
FiETHL ETHA VFEBONH DR EBIERT L FIETH 5,

ZO X ST, SEMICBIT A ATy MR O BEHEBIETIX, 1 Bk E
LCOI—Rr 777 DBEIIFETH LN, YROZ LN H, A FH
DIEEE T THHA o FEE 7 NVERIET HZ EIIAFRETH D, SEMIZLD
My FLeA IR 7 VOE#Z AL TENL, A U F ORI A v
FIRBREZHRDREICB NI TEX 2 2 212725, TOMR, BB
Fa—F% 7 A UFERPBYRONIBER)EWVWoTo A U RRFEICEET S b
T INDORINENL O L &b, £T-, SEM OFR & L TOEMGEBIZEICE
D, BUNEIRO SV THEHE EICBIT A e 2 VO HEEN E T T 52 L b

31



Bl D, DD, A FOFNRIREICE LT o E BB O3 BRJE D
TEHNRELIREDDZ &2 D,

ZZTH2ETIE, 2 ETSEM TIFBIERT 2 Z LR TE R0 - =FHIR D
ArFEE 7 NV%E SEMIZKVBIEET D720 DFT2 R ITIEIZ DWW TR~ D,

2.2
INETIE, Fx 3T Or Y oW XAF (B OB A IE 3R ) % 5
PREANZIUER LA A X T A (0sOs) TILFERF 21TV, EPMA (BB f#i~A 7 17 )
U A& SEMIZ R Y v ¥t ZFNI O A BlEE LT2[9-12], MU b4 A I v
DX, R CHO RO RFE RO R " E S (C=OIWTBRIRMIC LT 5
[13], 2D X I, AAITLDOMIMLIZn Y EikE DEHFFEDEWIC X
D, RETEFE FEREBICHBNTE Y A RN TE -2 2nb, wik
L7cA U B 7 VIR ZEHE G 2A L T0iuE, Z ok EiniEs
AWTA 71y NEIRIIOA B e 7 VO0540 % KB GRME)IZ LY
ﬁﬁ#é:kﬁﬂ%f%ékﬁzko4V%Et7w@m%k@%h%4y%
BIRBEIZC O WTOMIZEZEAIT I T12DI12, A U FHDE b 7 VD450 &k K
ﬁux%%wfé*&iigfﬁé
AREIZBWT, FAI U MEPEMECLIMFOF 7Y b FER S
NBER D FTREMEIC DWW TRRET L T2,

2.3 SEM
231
23.1.1 e
FEREEFE Ui BB 81.5gmH)IC UV kAl A 7 & v FEA U F
(T&K FERANZ R o )L VHIRI L7247 2 v NEIRIY (ERRETRIY), 8
FIR 2 Lz, 723, BA U FOBEHIIIAN—R 7T v 7 BHWHRT
W%, MEAEIRIA O M8 SSTEIFE I 0%~ 100% % T 5%MIME C& L S 7=, FIRZIX
EE7”@Wﬁ{x‘@%<ﬁ@ﬁ%%ﬁ%x—§H?@%Wmﬂ%%ﬁbﬁo
AUFEE I VDA AI T LMEFEMF & L THWZREEIE, FMEEdER)
HLD 4%0s04 VIR T o 7=,

32



2.3.1.2  SEM %2 & 3Flivk

KFEEIRI D —H % T 2 r— 2 NT 25°C, 24 FERAIIER LA A X 7 A2 L D &
FUEFER AT > 7o, KIT, BEZZH2 RN T 40°C, 13.3Pa DL N2V T 30
STIMERICATE L TN DA A I U AZ B bR e, iEHE, BEZER5 5 E (H
AL JEE-450T)IZ £ U 9 10nm DJE & T —7R &5 % SEM Bt L7,
SEM #1%21%, w7 SEM (Field Emission SEM, FE-SEM: H A+l
JSM-6300F)(Z & 0 1T - 7=, HlE AL, IEEE 7KV, Bt 3X10A, £9 50um
o, VEEIEEEE (WD)Smm Th-o7z, ZD L&, —oDikEE itk %
2Tty bL, F—FFETTOKNEFER MG 5 X OFEx 21T -
72

SEM 13 A% ¥ F— (HPH Scan Jet 4C) &2 W CT U X /LT — H | ZEH LT=,
W IT, T XV AT (Kodak B DCS465) % i L 7= 62 A (=2 #
Optiphoto)iZ £ ¥ 7=, £ 7=, SEM 4 K& OE 24 Z B L Y 7~ (Mac SCOPE)
X0 AE LR AT o 725, HIRImEAE R 2 R L,

MR ORGSR 1T, FHRER (/L2 78 D-181 B X W lE L=, X
FER DTk L v RE N B[14],

Dy=-logi0(9p/¢.) (2.1)

T, oUIASHIR, 0, I EHTH 5, FIRIP OPEE D, 1S 3 (0p/0)
DY ORI, BIE2RTHELLTHWLRD,

F7o, A ¥ 7 AONUEBIA A I T AOMINKIEZTX SEM-EDX (X #f—
FOL XA 2 & i L 7= SEM, H S8 SEMEDX)IZ X 0 HIlE L7,

232
2321 A7y b UF~DMUER LA A I T LAOMINIG

F 7ty MM 7 VONMBLA A I T LOMINRINFE % SEM-EDX
ZRWTEEHN L7z, SAMRUVBE{E L7 B e 7 L EREILOE R 7 L E2ENE
NURB A A I 7 M2 K0 L7 ER#, SEM-EDX (2 XV 3 (OsMa/CKa)
RO, KD 7 L OMXEE (OsMo/CKa)Z 100% & 3% & UV iE{k
L7 b 7V TIIAE R IL 38% & e o7, UVIREIZL D A o F e 7 L
DR DOAEIIN " HAEE O THRET UL, UREA R I U L0310 M
HRTD[15], LLZZTHRLNATHENDIE, RFERSMETIL UV ML

33



BOWTHEE ZVHFICRFEO R ZEHEAGD K-> TR, ZOHMSICHEL
FAITAPMIMLTZbDEEX LT,
4 2-3 124 U FEA~DA A I T MSISOE OIS K 274, Ui b4 A I v
ﬁ,ﬁ@?WH~ZﬁAEﬁE¢5iD%#&@ WET, fr¥Eres
IV D RFE DA ZHEAE Gy & FOST D,

Os. O Q. O
208 € 208 £
0 -Os 0 0 Os 0
SEOség gjosﬁg
Ink layer
\. _(":{"_ '(_“= = 4 :("-
- s
Paper
O O O /O 'E-J'\.,~ 0
x\.(_) ¥ !(-){: 0, 0 L(Jc.'r
4 Os [
Ink layer L }) ’?_IC_:' [ 00
RoXe I -C-C-
- C-C-
Paper

Fig.2-3 Schematic drawing of Os addition reaction in the ink layer
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Fig.2-4 BSE (Backscattered Electron) images printed in offset before (A) and after (B) the
chemical modification with OsO,
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Fig.2-5 SE image (A) and BSE image (B) printed in offset after chemical modification with
0s0,
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Fig.2-6 BSE image of halftone dot under high magnification
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Fig.2-7 Optical images of film (A) and prints (B) of 10 % halftone dot area and BSE image of
prints of 10 % halftone dot area (C)
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Fig.2-8 Optical images (A) and BSE images (B) of halftone dots, respectively
(@) :10%, (b) : 20%, (c) : 50% and (d) : 80% of halftone dot area
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Fig.2-9 Relationship between the image area after digitization
and the area ratio of halftone dots
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Fig.2-10 Offset printed images of UV curing ink on the security papers
upper: optical images, lower; BSE images
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Table 2-1 The roughness of the papers

(U _m)

Security Paper  Security Paper Security Paper Security Paper
A B C D
Ra 5.8 52 8.1 5.0
Rz 28.9 27.7 35.0 23.8
Rmax 30.4 28.7 36.2 24.7

Ra: Center line average height, Rz: Ten points average height, Rmax: Maximum height,
Each value is the average of ten measurments.

Table 2-2 Relative area between optical image and BSE image on “P”
after binarization

Security Paper Security Paper Security Paper Security Paper
A B C D
1.19 1.44 1.16 1.38
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Fig.2-11 Change in dynamic contact angle of the security papers
Covered with UV curing-type vehicle against time after
irradiation
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Fig.3-2 Fluorescence spectra of cyan prints added
with each fluorescent dye
A :514nm

Fig.3-3 Z-Stack images of offset prints stained with fluorescent dye
(A) Nile red, (B) Rhodamine 6G, (C) Rhodamine B
Dry Lens X20, Zoom X2
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Fig.3-4 Degradation property of fluorescence dyes
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Fig.3-5 Z-stack images of offset print on the uncoated paper using dry lens (A) and

oil-immersion lens (B)

Dry lens (objective lens x20, digital zoom x2),

Oil immersion lens (objective lens x40, digital zoom x1)
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Fig.3-7 The reconstructed image of UV cure Fig.3-8 The reconstructed image of oxidation

type offset prints cure type offset prints
Oil-immersion objective lens : x63, Oil-immersion objective lens :
Digital zoom : x1 x63, Digital zoom : x1
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Fig.3-10 Reconstruction image of offset prints
Ink vehicle was stained with Rhodamine B (Red color). Paper was stained with Acridine
Yellow (Green color). Oil-immersion lens: x63, Digital zoom: x1

Acridine Yellow
Oil-immersion lens: x63, Digital zoom: x4
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BHE LI AR LTS,

Prints surface

P

Paper inside

Fig.3-12 Optical cross section image of offset prints on sample 1 by CLSM
Oil-immersion lens; x100, Digital zoom: x1

Fig.3-13 Optical cross section image of offset prints on sample 2 by CLSM
Oil-immersion lens: x100, Digital zoom: x1

Fig.3-14 Optical cross section image of offset prints on sample 3 by CLSM
Oil-immersion lens: x100, Digital zoom: x1
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Fig.3-15 Relationship between vehicle penetration depth and paper smoothness
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Fig.3-16 Relationship between vehicle penetration depth and the amount of ink transfer
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Table 4-1 Coating color formulations

Samples A B C D
Kaolin 0 50 50 100

Calcium carbonate 100 50 50 0
SB-latex 10 10 20 10
Dispersing agent 0.01 0.01 0.01 0.01
Thickener 0.5 0.5 0.5 0.5
Coating weight(g/m?) 48.1 47.5 47.2 49.2

Base paper 80.3g/m” : Sample E
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Fig4-1 Z-stack images of -the commercial coated paper
A o 514nm, Detected range : 530nm-630nm
Detector gain : 704V,0il-immersion objective lens X100, Zoom X4

X 42 ICHHREBE RO —4% 2 > BIZ L 54RO CLSM (2 X% Z#hJ7H
DERGOEEGEZRT, ZOHEORET A IEK 4-1 Tl Sz
HARRE SN2 L~L GIOV)ET R Thd, D, n—X I BT
DOYAEFTOFEL (K 4-2A) 0 HIxEENR e RSN nWo T, BAERE TH
bo FHUTKI LT, RagoiE (K 4-2B)iFn—4% 2 B OEEDOHAANDE
BT EMENBIZ X, A VEkITe —4 I B RERECTh 5 il E R
¥
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(A)

Fig.4-2 Z-stack images of the commercial coated pape
A ¢ 514nm, Detected range:530nm-630nm, Detector gain:410V
Oil-immersion objective lens X100, Zoom X4
(A) Before stained with Rhodamine B, (B) After stained with Rhodamine B
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Fig.4-3 Fluorescence spectra of latex, kaolin and CaCO, stained with Rhodamine B
A & 514nm
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Fig.4-4 Fluorescence spectra of sample-A, sample-B, sample-C, sample-D
and sample-E stained with Rhodamine B
A e 514nm
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Fig.4-5 CLSM images (A) and SEM images (B) of sample-A, sample-B and sample-D
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Fig.4-6 Fluorescence spectra of sample-B and sample-C stained with Rhodamine B
A ¢ 5l4nm
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Fig.4-7 Z-stack images of the commercial coated paper stained with Rhodamine B
(A)Just after dropping the immersion oil, (B) 2 days later after dropping the immersion oil
Oil-immersion objective lens X100, Zoom X1
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Fig.4-8 Reconstructed image of the commercial coated paper by XYZ method
Oil-immersion objective lens X100, Zoom X1

AL R VI WY

Fig.4-9 Cross section image of the commercial
coated paper by XZY method
Oil-immersion objective lens X100, Zoom X2
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Fig.4-10 Reconstructed image of the light coated paper by XYZ method
Oil-immersion objective lens X100, Zoom X1

Fig4-11 Cross section image of the light
coated paper by XZY method
Oil-immersion objective lens X100, Zoom X2
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Fig.4-12 Cross section image of the double coated
paper by XZY method
Oil-immersion objective lens X100, Zoom X2
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Fig.4-13 XY frame of ink jet printer’s photo gross paper
Oil-immersion objective lens X100, Zoom X1

Fig.4-14 Cross section image of ink jet printer”s photo gross
paper by XZY method
Oil-immersion objective lens X100, Zoom X1.2
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(B)

Fig. 4-15  The Z-stack (maximum intensity projection) images of magenta low
concentration parts (A) and magenta high concentration parts (B) of dye
type ink on the photo gross paper

Oil-immersion lens X63,Digital zoom X 2

(A) (B)

Fig. 4-16 The cross section (XZ) images of magenta low concentration parts (A) and

magenta high concentration parts (B) of dye type ink on the photo gross paper
Oil-immersion lens X63,Digital zoom X 2
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Fig. 4-17  The Z-stack (maximum intensity projection) images of magenta low
concentration parts (A) and magenta high concentration parts (B) of pigment
type ink on the photo gross paper

Oil-immersion lens X63, Digital zoom X 2
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Fig.4-18 The cross section (XZ) images of magenta low concentration parts (A) and
magenta high concentration parts (B) of pigment type ink on the photo gross paper
Oil-immersion lens X63, Digital zoom X 2
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Fig. 4-19 The cross section (XZ) images of dye type ink and pigment type ink on
the magenta low concentration part into the IJP matte paper
(A) Dye type ink, (B) Pigment type ink
Oil-immersion lens X63,Digital zoom X 2

Fig. 4-20 SEM image on the cross section of IJP matte paper
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(A) (B)

Fig. 4-21 The cross section (XZ) images of dye type ink and pigment type ink on
the high concentration part into the commercial coated paper
(A) Dye type ink, (B) Pigment type ink
Oil-immersion lens X63,Digital Zoom X 2
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Fig. 4-22 The CLSM Z-stack image and optical microscope image of the coated
sample of 24 hours later after soaked in ink
Left: CLSM Z-stack image, Right: Optical microscope image by transmitted light
a : Distance of Rhodamine B climbing, b : Distance of vehicle climbing
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Fig. 4-23 Relative affinity between ink vehicle and Rhodamine B
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4um
Fig.4- 24 The distribution of Acridine Yellow and Rhodamine B as
z-stack (maximum intensity projection) of CLSM

Green color expresses Acridine Yellow as coated paper, and Red color
expresses Rhodamine B as cyan offset ink vehicle.

Fig. 4-25 The distribution of ink vehicle and coated layer on the frame of 0.1y
m depth from printing surface

This frame is the position of 2™ step from printing surface.

Oil-immersion lens X100, Digital zoom X 4
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Fig.4-26 The distribution of ink vehicle with Rhodamine B printed
on the polyethylene film

Fig.4-27 SEM image of the coated paper
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Fig. 4-28 The distribution of ink vehicle and coated layer
on the frame of 0.54 m depth from printing surface
This frame is the position of 5th step from printing surface.
Oil-immersion lens X100, Digital zoom X 4
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Fig. 4-29 The distribution of ink vehicle and coated layer

on the frame of 0.2y m deeper than XY frame in Fig.4-28
This frame is the position of 7th step from printing surface.
Oil-immersion lens X100, Digital zoom X 4

Fig. 4-30 The distribution of ink vehicle and coated layer on the frame
of 1.2y m depth from printing surface

This frame is the position of 12th step from printing surface.

Oil-immersion lens X100, Digital zoom X 4
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Sample-A

Fig.5-1 Optical images of offset prints
Samples A and B have no print mottle and sample C and D have mottle.

Sample-A

Sample-D

Fig.5-2 Optical images of offset prints (High magnification)

Samples A and B have no print mottle and sample C and D have mottle.
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Sample-B
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5195 195
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) o

Sample-D

_”.»._ 245

195 195

Fig.5-3 Z-stack images of offset prints by CLSM
Samples A and B have no print mottle and sample C and D have mottle.
A ¢ 514nm Detected range : 535nm-635nm
Oil-immersion objective lens X40, Digital zoom X 1
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Table 5-1 Atomic concentrations on coated papers by XPS (atom%)

Element Sample-A Sample-B Sample-C Sample-D

C 50.7 52.7 53.9 51.2
@) 34.9 34.8 32.7 344
N 1.7 12 24 14
S 6.6 5.5 5.7 6.4
Al 54 4.9 4.6 55
Ca 0.7 0.9 0.7 11

5-4 \[ZH B TAROWIE O SEM 1§42 7~3, B TEEO 4D SEM O E
TFHRICKVBIETE D, Ny 7 My T Ey M I K DEIRIA RO THE
DB TJEOMEEIL, O NICHIR R R BT L 138> Tz, Wo0E
IR AR CB IR SN2l b b b, 3k A KOWEB 13 —7E
SOBTIEAZFRL, #kC LU D 0B TJEE S IIRY—Th o7z,

Sample-A

W14 4mm 1 . BSER

Fig.5-4 SE images of cross section of coated papers
Samples A and B have no print mottle and sample C and D have mottle.
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W 45 45
0 w0

Fig.5-5 XZ images of coated papers stained with Rhodamine B
Samples A and B have no print mottle and sample C and D have mottle.
A ¢ 514nm Detected range : 535nm-635nm
Oil-immersion objective lens X100, Digital zoom X 2
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Table 5-2 Average thickness and standard deviation of the coated layer in XZ frames

Average thickness(um) Standard deviation
Sample-A 10.1 1.6
Sample-B 9.5 1.3
Sample-C 9.8 4.6
Sample-D 9.3 4.7
n=125
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Fig.5-6 Z-stack images of coated papers stained with Rhodamine B
Samples A and B have no print mottle and sample C and D have mottle.
Bright regions (white arrows) indicate a thin coating layer in that location.
Black regions (black arrows) indicate no coating layer.
A ¢ 514nm Detected range : 535nm-635nm
Oil-immersion objective lens X40, Digital zoom X 1
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Micrometers
Micrometers

Fig.5-7 FTIR images of coated papers by ATR method
FTIR images were expressed by the absorbance of C-H stretch vibration on 2900cm™
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Fig.5-8 Fluorescence spectra of coated layer stained with Rhodamine B
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Fig.5-9 Z-stack images of resin stained with Rhodamine B
Samples A and B have no print mottle and sample C and D have mottle.
A ¢ 514nm Detected range : 535nm-635nm
Oil-immersion objective lens X40, Digital zoom X 1
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Fig.6- 1 Sample preparation for CLSM cross section observation

6.2.2
6.2.2.1 (CLSM)

CLSM #5213, 74 A8 TCS-SP2 ZH\\\ =, 7T >4 v b EHEOBIERITIT 40
fEDIRFIEAA L%k L > A (HC PL APO, NA 1.25)% vy, 7 Z >4 v MlrmE o
BIZRIZIZ 105D R A %1 > X (HC PL APO, NA 0.4)% iV /=, %72, B1&
FA NI T A DEDJETR 1.518 DA A V& AT,

W E KN EDEET 27201, ¥4 78— I E—LAT Y v X —
(DD458/514) % f 7=, 7 F > L—H% (H77:50mW)7> 5 D 514nm DL &
Z VY, 510nm~520nm DO KA FOHE & L TR L, 535nm~635nm D¢
FEEEAZ SIS E L TR LT, ZORMBTIE, 7707y RhBIREtiIm
HENhhotz, £7, BMHEEATOE VR —/LOBERIIE L o R E R
RKEIICarva—4 ECTHE LKL,

123



7Ty NREOEROSAE, REA GRS FAIZ 0.4um AT > 7T
BJoNHESAHGORERGDEIENOBILE L, /2, 777y MEmE
BT DIERI O3 A X L 7= W s DR S A 3um A7 v 7 THE L
30 D ILE N EG A RS D TEGNOBIE L, K£AT v SBT3k
JSERIX 1024 B B X1024 B L& LT,

6.2.2.2
(ESEM: Electron
Scan E-3 ) X
(SEM-EDX: SEMEDX) (BSE)
(

CA-X ) 1

30
6.2.3

6.23.1 77y hOFREMIR

M 6-2 1 =FHFDOT T 7y DO ZREF (SEYg (EBHK O ETF (BSE)
% (FEHZRT, EBOSESRND, 7T 7y b A TIEI LARENEFEL -
g E LWz, 7747 v b B IREA 5-20um DZEREZ 8L, 77047
v NCIXIFLAF v T EEE LI HEEZ LT\ e, FE:D BSEBTIE, 15 <R
SNTH N FEMZ R L TCWAR, “MEO7 77y hoar VT A NEx
e+ 2 Z LIC k) BEMOSAE BOEVWRBETE S, 7707y hCIZ
FREOITLAT Y TFOIZTEALENHVEBR E U TBIEIIL, REMBRDE
FNTWD NN D, LRI ORE, REMIT I I THoT, F,
Ty NAOKREMLT Y I ThoTe), GAEIZTZT 77y FC Ld
Rinol, 7700y N BOREMIIT VI ST THY, 770y AL CE
TR ->TWe, £z, GAELDRV Doz,

124



Fig.6-2 SE images (top) and BSE images (bottom) of three blankets
(A) blanket A, (B) blanket B, (C) blanket C
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Fig.6-3 CLSM stack images for the three blankets
(A), (B) and (C) are for blankets A, B and C, respectively.
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Fig.6-4 CLSM images of blanket A cross sections 72 hours later after contact with toluene
(A)Reflected image (B) Fluorescence image (C) Overlap of the two images
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Fig. 6-5 CLSM images of the cross section of blanket A after contact with toluene
(A), (B), (C) and (D) are 3, 11 45, and 120 hours after contact, respectively.
Green is the reflected light and orange is the fluorescent light.
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Fig. 6-6 Relationship between penetration depth of solvents in the blanket-A and time
The solid line is the results from Eq. (2) with a diffusion coefficient of 10™** m%/s.
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Fig.6-7 Relationship between penetration depth of toluene and the holding time
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Fig.6-8 Dynamic contact angle of toluene on each blanket
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Fig.6-9 The relationship between penetration depth of aromatic solvent and time
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Fig.6-10 The relationship between penetration depth of aliphatic solvent and time
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Table 6-1 Vehicle Composition
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Pre-polymer 20%
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Fig. 6-11 IR spectra of blanket rubbers, acrylate-A and UV curable ink
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Fig.6-12 Optical microscope image on the cross section of blanket-1 (top) and
imaging IR maps (bottom) 30 minutes after acrylate-A was dropped on blanket
IR imaging was carried out in the frame on the cross section of blanket-1.
(1) Total absorbance map (2) Single frequency map at 1735cm™
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Fig. 6-13 Single frequency maps at 1735cm™(C=0 stretching vibration) of acrylate-A
on the cross section of blanket after various time periods
Blanket-1 was used.
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Fig. 6-14 Relationship between penetration depth and time after acrylate-A dropping
o :Blanket-1, a :Blanket-2
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Fig. 6-15 Relationship between penetration depth and time after UV curable ink
dropping
:Blanket-1, a :Blanket-2
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Fig. 6-16 IR reflection spectrum (2000 to 700cm™) of (1) rubber of blanket-1,
(2)reinforcement cloth, (3)acrylate monomer, (4)acrylate oligomer,
(5) pre-polymer and (6)photo initiator
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Fig. 6- 17  Six PC spectra (2000 to 700cm™) obtained by PCA
Blanket-1 was used.
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Fig.6-18 Each image contrast of PC3, PC4, PC5 and PC6 several hours
after UV curable ink vehicle dropping on blanket-1
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Fig. 6-19 Relationship between penetration depth and time after UV curable ink
vehicle dropping
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.acrylate monomer, m :acrylate oligomer, O : pre-polymer, e :photo initiator
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Table 7-1 Coating color formulations

Sample A B C D E F
Kaolin 20 20 50 50 80 80

Calcium carbonate 1* 80 - 50 - 20 -
Calcium carbonate 2* - 80 - 50 - 20
SB-latex 15 15 15 15 15 15
Dispersing agent 0.5 0.5 0.5 0.5 0.5 0.5
Thickener 0.5 0.5 0.5 0.5 0.5 0.5

*: The average diameter of calcium carbonate 1 was 4.0 u m.
The average diameter of calcium carbonate 2 was 0.15 1 m.
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Table 7-2 Coated paper properties

Sample A B C D E F
Coating weight (g/m’) 12.6 14.6 12.7 12.5 13.3 13.5
Brightness (%) 84.7 87.9 83.4 85.2 81.4 83.5
Opacity (%) 87.5 89.5 87.8 88.8 86.6 86.8
PPS smoothness (um) 1.79 1.14 1.61 1.24 1.30 1.21

Fig.7-1 Gravure test prints

Gray scale No.O

100um

Gray scale No.9

Fig.7-2 Optical microscope images of each gray scale number of Sample-B
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Fig. 7-4 Distribution of surface roughness by micromap
(1) Sample A (2) Gravure prints of grayscale No.13 on sample A
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Fig. 7-5 Distribution of surface roughness by micromap
(1) Sample B (2) Gravure prints of grayscale No.13 on sample B
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Fig.7-6 Pore distribution of coated papers
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Fig.7-7 Amount of water transferred to the coated papers on a square-root time scale
(1) Sample A and Sample B (2) Sample C and Sample D (3) Sample E and Sample F
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Fig.7-8 Comparison of the backscattered electron image (BSE) and Cu, Si and Ca
mapping images of the gravure print (Grayscale No.13) on sample A
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Fig.7-9 Comparison of the backscattered electron image (BSE) and Cu, Si and Ca
mapping images of the gravure print (Grayscale No0.13) on sample B
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Fig.7-10 Comparison of the backscattered electron (BSE) image and Cu, Si and Ca
mapping images of the gravure print (Grayscale No.13) on sample C
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Fig.7-11 Comparison of the backscattered electron image (BSE) and Cu, Si and Ca
mapping images of the gravure print (Grayscale No0.13) on sample D
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Fig.7-12 Positive ion mass spectra by TOF-SIMS
(A) Ink vehicle (B) Sample C (C) Gravure prints (Grayscale No.13) on sample C
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Fig.7-13 TOF-SIMS images of gravure prints (Grayscale No0.13) on sample A

Sit Ca*
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Fig.7-14 TOF-SIMS images of gravure prints (Grayscale No.13) on sample B
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C,H,,0*

Fig.7-15 TOF-SIMS images of gravure prints grayscale No.13 on sample C

Cut C,H,,0"

Fig.7-16 TOF-SIMS images of gravure prints grayscale No.13 on
sample D

Cu* C,H,,0

Fig.7-17 TOF-SIMS images of gravure prints grayscale No.13 on PET
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Fig.7-18 High resolution spectra of Ci1s
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Fig.7-19 Plots of the relative intensity (Si2p/C1s) (green),(Cu2p/Czs) (red) against grayscale
(A) Gravure printing on sample A (B) Gravure printing on sample B
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Fig.7-20 Plots of the relative intensity (Si2p/Czis) (green),(Cuzp/Cis) (red) against grayscale
(C) Gravure printing on sample C
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Fig.7-21 Plots of the relative intensity (Si2p/Cz1s) (green),(Cuzp/Cis) (red) against grayscale
(E) Gravure printing on sample E  (F) Gravure printing on sample F
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Fig.7-24 Schematic diagram of water based gravure ink setting on coated paper

(1) Ink just after printing (2) Ink penetration on the coated paper with high liquid absorption
(3) Ink penetration on the coated paper with low liquid absorption

(4) Cured ink on the coated paper with high liquid absorption (5) Cured ink on the coated
paper with low liauid absorption
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Appendices
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Fig.2 Comparison between COMPO image and TOPO image
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Table 1 Comparison between WDS and EDS [13]

WDS EDS
Analytical element for target Be U (B F)Na U
Probe current 105 10-° 102 10-12
Sensitivity High Low
(Limitation of detection) (10ppm) (0.1%)
Energy resolution High Low

(less than 10eV) ( about 140eV)
Operation Difficult Easy
3. XPS (X )

XPS (X-ray Photoelectron Spectroscopy)idil/4 ESCA (Electron Spectroscopy for
Chemical Analysis)& & FEXALD, XPS (ZOWTCIEERE[14,15] & 7~V 7 K O A
BT AN D HFI[16-22]3 % 5,

EAREIC X A RET 2 &, MENRICIVEEFPREIND, 20X
B OEH T LF—1E, AH XBROTFLF— LB FOEENTORMEGT R
NFX—DFEERDL, 2T, KEBEFOEH=RLF—ZHETLHZLITLY,
AT RN —NRO O, TRV AREE 72D, 2, EZFXLF—IX
JRA DAL FEAESIRBEIC L > T—RICY 7 b (ZREIEFET T R EW )T B,
T T FELHETE DT, [LFEAIRENHEE TX 5,

T2 XBOTZRVF—% hy, PUEEFORETR/LF—% Eb, ZODHE
FTORMEOREN OGRS & EOEBH=RVLX—% Ek & T5H &

Eb=hy—EK— ¢ +++vreerrnnnen (1.4)

hviZ AIKo#RDEE 1486.6eV, MgKoft DIGE 1253.6eV TH VD, o IFHIE L

B AfLFEEAECTEHADM TH D, Ek 27T AP —THETIUL, Eb+
o DFHID, FEEOLEE CIIERERELOBEM O Bb 12%f L TR L X — 3K
Eéﬂfwét@,zm&kwwﬁ%ﬁﬁéizwfe%miofﬁéhéo
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Fig.5 Components of XPS
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(2) FAWTZEEE O HTHER T 800um ¢ TH DA, FITOIEE TITH yumo D H D

MR SN TND,

3) XMOHEI~DRAESIIEUmFEE TH D0, HEFORFRITE nm R
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(4) FHEJRNS X R TH D DT, REREIZE 2 28ER D220,
5) MM ORENFRETH LN, T —T T v I D E—7 7 MIEREN

WETH D,

{LFREIRREDIENT HIETH 203, b7 7 R HIHIRE W Cls A7 b
NOBTETYH, (BT 7 ML 285eV~290eV D 5eV DHFIPH CTH 5, T/, ¥
— 7 DA 1.2eV~1.7eV Th D, £D®H, FEREICHELYTLHE—7 0
B VA0, (LA RBE DT IR E IR EE BT 5, WES
BED AL, H A, o—L o YBERERITIEND OES B E
WD[23], I DBEOFRIE L LT, Cls A7 MUZEIT 2 EREREALBAT
FNF—L ORRER 2 ITRT,

X 6 |Z PET 7 « /V LK H D B fiEEE Cls AT V&I EE L - R 2R
T, NUBVER (=7 DO COY—JHEE 6 LT 5HL, C-O (B—7 2)k
0=C-O (E—7 3)® C DY — 7 Hf&IX 212720, PET ikt le K< —%
LTWDZEND PR GIRBOMITE S L THY. SN FETHL T LN
TD,

Table 2 Relationship between functional groups and binding energy

Functional Group CcO 0=C-O C-0O C-C
: C-H
Binding Energy (V)  289.9 288.6 286.1 284.5
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Fig.9 Picture of CLSM
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Fig.10 Components of CLSM
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Fig.13 Picture of IR imaging system
1. Main Spectrometer, 2. Microscope, 3. Sample Stage
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Fig.14 Principle of IR Imaging
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