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Abstract: This paper comprehensively discusses all kinds of modern scientific and technological detection
methods for paper raw materials, inks, inkpads, and pigments used in ancient paper cultural relics, including
imaging and spectrometric technologies. Relevant imaging methods include photography, tomography and
microscopic imaging methods. Photographic methods include light transmission, infrared, ultraviolet, X-ray
and neutron activation photography to display macroscopic information on a sample’s surface or inside.
Tomography methods include X-ray, terahertz, and optical coherence tomographic methods to display
layered information beneath the sample’s surface. Microscopic imaging methods include optical, scanning
electron, transmission electron and atomic force microscopic imaging methods to display the sample’s micro-
scopic information. Spectroscopy methods with fingerprint characteristics based on the principles of wave-
matter interactions include chromatography, mass spectrometry, electron paramagnetic resonance spectro-

scopy, nuclear magnetic resonance spectroscopy, X-ray photoelectron spectroscopy, X-ray diffraction, X-ray

WiiE H #5:2020-01-21; 1837 HEA: 2020-03-19
EEIWR: H% A RFA e No. 61875172)
Supported by National Natural Science Foundtion of China (No. 61875172)


http://dx.doi.org/10.37188/CO.2020-0010
http://dx.doi.org/10.37188/CO.2020-0010

55

A, A AR SO R R R ik 037

fluorescence spectrum, molecular fluorescence spectrum, Raman spectrum, UV-Vis-NIR-MID-THz absorp-

tion spectrum and hyperspectral methods. It shows that the comprehensive applications, complementary ad-

vantages and mutual confirmations of the above technologies are powerful means to reveal important traits of

paper cultural relics, such as one’s manufacturing process, artistic features, preservation history, disease

status, authenticity, method of reparation, etc.

Key words: paper cultural relics; imaging method; wave spectroscopy method; optical spectroscopy method;

cultural relics protection
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Fig. 1 Photographs of direct light (top) and transmitted
light (bottom) of the "Hongli Shu Xizi Poems" in

the Palace Museum!'®!
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Fig. 2 Part of "Wako-zukan " (left) and its infrared photography (right)"”
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Fig.3 Zhang Daqian's partial orthophotograph of Yun-

shan Gaoshi Picture (top) and partial ultraviolet

photograph (bottom)!'*!
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(right) of the seal in the epitaph of Princess Runan®”!
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Fig. 6 X-ray CT reconstruction images of the folded single

page manuscript (a) and the closed will manuscript
dated 1351 (b) from the National Archives of his-
tory of Venice*”
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Fig. 8 (a) Photograph of the sample (paint layers covering

a pencil sketch); (b) transmission THz image; (c) re-

flection THz image.”"
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Fig. 9 18th century panel painting (a) and its OCT recon-

struction images along line A (b) and B (c)*”
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Fig. 11 Polarized light micrograph for Thousands Buddha

Tangka of Xixia Pagoda Niches™: (a) red on bor-
der; (b) blue green; (c) red on the background,
(d) white; (e) blue black; (f) black
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Fig. 12 Scanning electron microscopy: (a) micrograph of

herpes on the 107th hole in Mogao Grottoes”; (b)

micrograph of the cover of Spanish books in 15885
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Fig. 13 Scanningelectron micrograph of manual cover paper
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Fig. 14 Van Gogh's paintings in the French period:
(a) 244/4 "Basket of Pansy Violet"; (b) transmis-
sion electron micrograph of 546/9 "Portrait of

Gauguin"™*,

TEM # (5 1Y 43 B 630 ] LA 5% g oK Bk
AT AR LA S HOE A S B s, /] 1S
IARHERANE (2) . TR (b) | 2 28 (o) A VT Ve e
B TR SR A BB UR () ORI f5 ) TEM
PN NS O WY E =l VPR /S GiE TR YRR E30% i1 N
BRAA . RGNS —; T AR A SR RURLRLEE /N . R
PR —, AT T ERR S AR BURLAR AL, )5 A
BN 1) [T AR (B, Ok A5 b A1, P I
AW SRS AN R SR L. 53 4h, TEM i
SR 43Ty A5 1] R S AR BN K A R R0 e o
B A K A

15 BHTEEIR A (<10 J3)H: (a) ARURE; (b) i KEAs
Hz; (o) 2k FBRAL; (d) oy SRR

Fig. 15 Transmission Electron Microscopy Photo (x100

thousand)*: (a) turpentine soot; (b) oil soot;

(c) carbon black; (d) ancient ink.
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Fig. 16 Atomic force micrograph of linseed oil pigmented
with uncoated anatase after (a) drying under ambi-
ent conditions for 14 days and dark storage;
(b) drying under ambient conditions for 14 days
followed by exposure to UV,
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Fig. 17 HPLC chromatograms of papers in the 16th and

18th centuries before and after cleaning!*”!
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Fig. 18 Time-of-flight secondary ion mass spectrometry of
18th century Italian paper : mass range (a) 20—
80 m/z; (b) 80—160 m/z.
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Fig. 19 LFEPR spectra of the four blue pigments blue vit-
riol, ultramarine blue, Han blue, and Egyptian blue

in paint.’*
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Fig. 20 'H high-resolution magic angle rotating NMR

spectrum of Milan ancient paper in 1430
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Fig. 21 X-ray photoelectron spectroscopy of Italian paper
in the 18th century *! (a) photoelectron spectro-
scopy of ancient paper A and modern paper F;

(b) curve fitting of Cls.
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Fig. 23 French Impressionist painter Gustave Caillebotte's

oil painting parts and its main chemical element

maps!””
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Fig. 24 (a) Fluorescence spectra of the paper samples with
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first-derivative spectral peak at 443 nm and the

years of paper samples; (c) principal component

analysis based on the fluorescence spectra of all 47

paper samples."””!
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Fig. 25 (a) Micro Raman spectroscopy of Chinese hand-
made paper; (b) comparison between Medieval Pa-
per (Carta de Logu) and Modern paper™; (c) the
kinetic model of ageing and degradationprocess of
cellulose: COC residual percentage of inter -
monomers bonds as a function of ageing time and
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Fig. 26 X-ray absorption near-edge structure spectrum of
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Fig. 27 UV-Vis spectra of several modern papers in India®”
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Fig. 28 Picasso's "Peony" oil painting (a) and its false col-

or drawing (b), (c) Visible-near infrared spectrum

of pigment: (1) cadmium yellow and vermilion, (2)

emerald green, (3) cobalt blue, (4) “brown paint,”

(5) zinc white, (6) Prussian blue, (7)vermilion, (8)
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3.5.7 4B kR

VT 2T AN O (4000~12 500 cm ™) 3%
O3 F IR FRAEX TR s | R4 Sl sy P SRR
Bl S A R S 1S, o TR 4 5 B BR
i, LRI RAE . MG RA FEE W
SER AL AR B, NI 3 A m [R]— 2 A e AR TRl Ak
=378 L BRI @ A T S T =
S, AEH S A Tk S A AL BT A A R B i, T
VT EA AR B & S5 SCy ik v, o mT
DIXTAR SO e AR AT B . e Ak L Bk
ERYRAEHEAT I R, I LT AN G v] DU R A
M EE Ak B E T TARE pHE, SFHERE
B R R A S AR PSR, 5 E KA
A5 T R A ) 45 SR A AR L i AR G000, 4L
SMETELE G RIS ERT AT E T R T,
A DA | 22 B i R 45 B R AU A TR
BN A OO, 38 0] LA 35 7EAS R 4G R 28
AR B | AN [RS8 B A TR 0

2T AN 1% (400~4 000 em ™) & 48 K £
AU TCHLAL A P i Ak 2F 5 PR s 4 X (437
R RSN G B, A Y K E B E
T, RFAE AT X (1333~4000 cm ), J&— L
B REA R EIR SR X, WSO R RRAE 5, L
ML, 75 PN F8ECIX (400~1333 cm ™), £ E
JE SR AR IR SRS R IR B G IS . TSR
T, X2 AR AR R ARURR, 254 1
AR A P EOGIE W& AR R, WnE A+
ar—FE, FESCYIREIN AT A5 Tz BN

YR SO AR TR A A e W 0 A D 25 S
HLAE 5 £F 4k R OH 1 45 I 2 AH OC 1Y Ui %%
3300 cm™ 4 F1 5 C-O-C $E shAH G A %k 1332,
1203, 1050 cm™ 4k, 3800~2800 cm™ 2 [A] f) £
ARG AT I X A AR B 2R AR A
R A B AR LT YL, 55 TR AT | R
/N SRR AL AR AR A
I B At 200, WrirATat, mat. Bk
4% WIR A AR, AT AR. T ARITAR. SIS
4%, JITASmAR, R A EPAR. ANVE AR ELAR. [ v
| BT SR YU VYRR T ACAE N Y 15 R
675 ARG S LA GRS DTS R R T o2



55

A, A AR SO R R R ik 053

U AR PR AT AP0

FIFHLT AN X AR SCHIARDC 1 T BB A 55
FEH, T B VO DU B Ay AR AR AR,
H IR 1580 em ! BRI 4 0% 75 I 45 B
BEFT 1640 cm™' BT & A B Wi AE S C=0
SO A I s, 7r R AR S — 2 R AR
LA SR T 1718—1440 cm™ 1Y C=0
P e, LR IR E ZE DU 2 I A5 1) A B Tk
il VE 88 70, i B4R BT B S 0 U AE 2921,
2852.5 F1 1737.7 em™" B A H . BRI 55 IR
S0 5 P R MAC U, DTS Ay 6 ) s 475 4 1o 3 ]
FELBAR AL T 1 BBl 2EAR AR

e A5 1 EQ Y2 B 7 Hp 1) 2 Al nT DI
SR AN () A 2 ER YR P A BURE . AR S
AT, U PR T Y 2T A W I 14 7E 3386, 3008,
2928, 2856, 1743, 1380. 1169 Al 725 cm™
T, KRELK LA IS I 7E 1675, 1592, 1548,
1533, 1496, 1446, 1380, 1362, 1335, 876,
762, 694 Fl 521 em™ it i %F . ERURH AT B
A, WSO A T T 78, AR I £T i 2R 1 IR A0 Xof oAl
AT, P, AR 2 B s T A
AR AT Y51
3.5.8  R#hzkBOMOR

KFZERVFZ AR5+ (W DNA) | Sy kg
AR G R g, B RS S FiE )

Bk BSINF S AGKAN A 2 N . WE 29(a)
TR RE T BT BK T EURERITIEL 29(b) A9 B JRR
T FLEUBRRG G 70 KR 22 OGS & A IR
FEUENST S G Ab, IR REIISO T 7] LR SEIR
JE R XTI ACE AL B AR A RS By s )

100 (@)

Zinc white

50+

Transmission/(%)

Lead white

Titaniur;; White "
0.6 5 10
Frequency/THz

100 | Binders (b)
Linseed oil

50+

Transmission/(%)

(polyvinyl acetate)

0.6 5 10 13
Frequency/THz

’129  EpErh JLARNEBURL (a) F0R A 7] (b) B R b 2% W i

g
Fig. 29 THz absorption spectroscopy of several pigments
(2) and binders (b) in inkpad"'®!

359 JHhEsK

1R G BUGE BUR B A FD G AR A
PLAS G, HAE 4R AF B0 B —MEOTEHE
T s R H 2RI DL R
R, BAMEZ . LI E S T R EUE R
SEORAER S, FERE 5 2 g8 A .
btk S5 SCfb st P s LA R 2 A
I o AEAR I T, BT DA G O & I €
1B %I B ZE 30 4% A0 S5 1R AR TG v BB I B AR S
01 FH 3 K 7 A 400~2500 nm [8] fE 4 0.67 nm
Y VNIR400H FlI THEMIST-FPS2500 =itk ilif%
FHBLITE 2% ZE kAP G Al B YR30 (1) 3 5
FIFEFRS

1 30(a)~&l 30(c) G2 & UL FEL i) & i
B e (52 R 2 K5 /N R TT 5 DM R
BB G R B LA B A R, ATRVE
FENGIIE T LA — BRSO IR, &K
AR R TR BUR IS o 16 3 MK AR
oA A 30(d) HHAE B IR0 S Bk o X e
ot AR B AT 32 4 e A, LA T FE
K 30(e) PCA2 Z&H T & 30(d) A& BRI, M6
= F K 30(H) PCA3 B9 AALIE T 78Ry
2L FEFE N2 H T 30(c) B HURIE

— 2 —_—

S




954 W E G

P13 %

x5 : - 'ﬁ , _l..-.'

A el 7o \ ]
(d) RO (e) PCA2

f) PCA3

K30 (GPRERTE /BT A5 18] ) Jey B A [R) e I ot ik

RPN (a) 453 nm; (b) 980 nm; (¢) 1302 nm;

(d) Hf =P A AR (5 AT (o) 25 — F o185
(D)5 = F sl

Fig. 30 The local hyperspectral images of different

wavelengths in the picture of “Empress Dowager

Chongging ’s 80th Birthday Celebration” !

(a) 453 nm; (b) 980 nm; (c) 1302 nm; (d) false col-

or composite of the first three wavelengths;

(e) second principal component diagram; (f) third

principal component diagram
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