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A Method for Preparing Paper and Printed Paper
Cross-Sections using a Focused 1on Beam
and Analysis of Printed Paper
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A new technique for preparing cross-sections was
developed on unembedded in supporting medium and
structural elements unchanged with paper and printed
paper. In this method, a focused ion beam (FIB) was
irradiated to it. The FIB technique was applied as an
improved method to various papers and printed papers.
As aresult, smooth cross-sections of paper and printed
paper composed of materials with different hardness
were successfully prepared and the micro-photograph
without structural change or artifact was satisfactorily
obtained. Further, clear image of the printed ink trans-
ferred to paper was observed for the first time by this
method. However, penetration behavior of the ink ve-
hicle into the substrate structure could not be directly
observed through scanning electron microscope
(SEM), because there is no generation of contrast be-
tween the printing vehicle and the printed paper.
Hence, in order to obtain useful information on inter-
action between the substrate structure and the ink of
the printed paper, a new technique was developed by
combining FIB method with electron probe micro ana-
lyzer (EPMA) measurement after osmium labeling of
the unsaturated carbon double bonds in the vehicle. A
distribution of the vehicle transference and penetration
into the paper could be observed using the new
method.
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(b)

Fig. 1. (@) Cross-section of woodfree paper prepared by a
focused ion beam method viewed in a SEM. (b)
Cross-section of woodfree paper prepared by a cut-

ting method viewed in a SEM.
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Fig.2. A cross-sectional back-scattered electron image of
theintaglio printed paper.
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(b)

Fig. 3. (a) SIM photograph of printed paper before cutting
by a focused ion beam. (b) SIM photograph of

printed paper after cutting by afocused ion beam.
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Fig. 4. A cross-section of the intaglio printed paper. () A back-scattered electron image. (b)
The image of abarium element by EPMA analysis (L o). (¢) The image of an osmium

element by EPMA analysis (M «t).

Fig.40b0O 0O Fig40aDOODOOOOEPMAODODO
gboboboboooboobooobooboboboboo
goobooboboooooooobooooboboo
OFg4lad 0000000 0OFg4bMOOODODO
gooboboboooooooobooooboboo
gboboboboooobooobooboobobooboo
gooboboboooooooobooooboboo
gboboboboooobooobooboobobooboo
gooboboboooooooobooooboboo
gboboboboooooooon

O00Frg4O0c00ODOOOODOOOODOODOOOO
gbobobobooooboooboobooboboboo
gogobobobooooooooobooooboboo
gbobobobooooboooboobooboboboo
gogobobobooooooooobooooboboo
gbobobobooooboooboobooboboboo
gooboboboboobooboob 140000
gbobobobooooobooboobooboboboo
gooboboboooooooobooobooboboo
gbobobobooooobooboobooboboboo
gooogo

gbobobooobooobooboboboboooooo
gboboobobooobooboobooorBOO
gooboobooboooooooooooobobob
gbobooboboooooooooboooboobobon
gooboobooboooooooooooobobob

Fg40OOD0OOOOODODOOODOOOOODOODOO
gooboobooboooooooooooobobob
gbobooboboooooooooboooboobobon
gooboobooboooooooooooobobob
gbobooboboooooooooboooboobobon
gboobobool1o0000on

400 U U

gbobooooboobooboboboboooooon
FBOO0ODOOOOOOOOODOOOOOOOOOnOOD
gboboorBOOOOOOOODOOODOODOOODO
goobobobobooooooooooboooooboorB
gbobooboboooooooooboooboobobon
gooboobooboooooooooooobobob
gboboobobobooboborBOOOOOOO
gooboobooboooooooooooobobob



660 oooo 0250

gbobobobooooboooboobooobobooboo
gooboborRBOOOOODOOODOOODOOODOO
gbobobobooooboooboobooobobooboo
gooboboobooooooboobobo
gooboObOrBOODODOOOOOOOOOODDODO
gooboboboooooooobooooboboo
gboboboborBOObOODOOODOOODOODOO
gooboboboooooooobooooboboo
gbobobobooooboooboobooobobooboo
gooboboboboooooog

0000000000 4200 200 0goo00oooon

030010000000 oooooooo

O 0

1) OO0D00OO0000O0O0O0DOOO 28,17 (1985).

0 100 020040

2 000000000o00ooooooooooaon
00O0Qg 11,4 (199).

3) H.P. Le: J. Imaging Science and Technology 42, 49
(1998).

4 0000000 0OO0OO0OD0OD0OOO 54,360 (1998).

5) H. Uchimura, Y. Ozaki and M. Kimura: Proceedings of
Internationa Printing & Graphic Arts Conference (1998)
p. 121.

6) 0000000 0O0OO0OO0 DODO0OOO0O0Od 57,9
(2001).

700 0O0O00O0O0OO0OSCANTECH'9 inHAKONE
000 (199) p. 27.

8) Y. Ozaki and A. Sawatari: Nord. Pulp Pap. Res. J. 12,
260 (1997).

900 0OD0OD0 DOD0OO0ODDDDO 54,467 (1998).

100 0000000000 DOO 42, 168 (2003).

11) 0000000 DODOooOoooooog googooo
00o0o0o 39,48 (2002).



