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Abstract

Historic papers contain valuable information about national, cultural, artistic and historical identity and
values of every civilization. Identification of paper materials' such-as fiber type, sizing, and other
materials can significantly help to obtain valuable information concerning old civilizations, their attitude,
culture, geographical origin, and etc. However, there are some manuscripts that their writing date
remains still unknown. Qualitative and quantitative analytical methods can be used as a tool to identify
paper materials and therefore dating of historic papers as a cultural piece. In this research work, the
dating feasibility of four unknown historic papet scripts was investigated through analysis and
comparison of their materials like characteristic and type of fiber and sizing material with four known
samples belonging to Safavid period. For this putpose, different techniques such as optical microscopy,
color indictor assay, Fourier Transform Infrared spectroscopy (FTIR), Thermal Gravimetric Analysis
(TGA), and Differential Scanning Calorimetry (DSC) were used to characterize paper materials. Using
each characterization method, some information about physical, chemical, apparent form, and genus of
paper materials were obtained. The results of fiber identification tests including optical microscopy and
color indicators assay revealed that, except one sample made of kenaf fiber, all samples were made of
flax fibers and no wooden fiber was used in paper making. FTIR data confirmed the presence of
cellulose and hemi-cellulose and lack of lignin within all paper samples. Moreover, sizing material used
for paper making was polysaccharide type, i.e., starch. TGA and DSC analyses results showed that
depending on "its thermal and chemical history, each sample had peculiar thermal behavior.
Furthermore, compared to cellulose, hemi-cellulose possessed lower thermal stability. Overall, the
results of this study revealed that dating of unknown samples through combination of thermal analysis
and other characterization methods is possible, so the unknown samples belong to Safavid period. It is
to be mentioned that the main goal of this research was dating unknown samples made of papers
materials, which in this case all of them were similar. Although some samples may belong to different
period, other parameters such as type of contents, differences in aesthetics, type of script, and etc. may
be used to distinguish the sampled belonging to the same period. The data obtained in this research can
be used in preparation of database for possible identification and dating of unknown historic samples.
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Fig. 1: Microscopic images of cotton, flax and hemp fibers ac 100x magnification (Fiber Atlas);
(Vessalo-pfaffli & Sisko, 1995)
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Table 2: Fiber identification test results for known and unknown paper samples

Sample Flax s Hemp Cotton 4 Result
K1 + - Flax
K2 + - Flax
K3 - - Hemp
K4 + - Flax
Ul + - Flax
U2 + - Flax
U3 + - Flax
U4 + - Flax

podre (sladiges FTIR ol ¥ IS5 (3 0,8 olwlis
ol dtwlis )lei O g UL-U4  Jgeome K1-K4
wsolod Lu)m as Sgis oo odal il Ll 045 03D
SOy L awlis cab) awnlis ol ole slaog,S
g Al 39y ALK ) (Cuwl ods asuin (S
g9 5l Laasges slal ¥Feocm? g V+Ye— VoFocm®
Nasir-Ahmadi) 4 00> (asuis ()i g,S) auolis
.(& Halek, 2011; Karimi & Vatankhah, 2011

2 kg S Ladiged olad FTIR ca b’

—OH 4 g5 o0 &S dguis oo 0093 3400cm S0 55
aS g angi b)) ob i ol (M LiiS
S o=l M R ge e (STades ladign
ol Sy opl YL L,w.u CAd it Cawl 00
sl j 25596 (AUl clmog, S oL dlaw oniad
5 (Derrick et al., 2000) (ol LadSges (olows
.)y.uuﬁ oo d).u c_iu YAO+- Y4+« cm’ 03945w0

bbb Y
(FTIR) at558 s 30,3095

S ploml (5lwdigas Il Silejl owl plool (ol
KBr Y+ + mgl 903 jl p)S(hee o e )8 45 s
Lo odolw gode i | by 50 9 A bl
2 bg L5 L 0] Cewd 4 5Kan MolS” Lglses
CoS Sgpdd S ) g oAb B jle e )5 ol
g odlel 0,8 b s 3 5 JISwblKa Y-y - Lis
2y @S alaioe o) 8 adSy W €ISl
W Gl Sy s g A 00l 8 prscads oS
ol g 3BT 53 318 5 slows g, SQFTIR Uy,
asllae (glyy 400-4000cm™ g0 das 0dgize 4D &S
& Ay lole 09,5 1n 355 o o0lil Lol (claog S
oo e g S ol (S g canlo g5
Sl (Jalate
&S Cunl odds y0)l53 Al g9y p (B Slalllao jo
slaci b b adiges il subai g duslio b olgs o0

Sy b8 ,xe 3l ealanl L aiels BUI Slolis puls ¥ Jois
UL . & 9

Table 3: Fiber identification test results of paper samples with color reagents

gos IS B yne Sy o S y2 aon
Sample Graph Reagent Herzberg Reagent Slgr Reagent Result

K1 Orange Red dark red Non-wood pulp
K2 Dark orange light red Red Non-wood pulp
K3 Orange red Red-brown Red Non-wood pulp
K4 Orange Red Dark Red Non-wood pulp
Ul Orange red Red-brown Red Non-wood pulp
U2 Orange red Red Dark Red Non-wood pulp
U3 Dark yellow Red Red Non-wood pulp
U4 Orange Red Red Non-wood pulp
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Fig. 3. FTIR spectra of paper samples; Starch spectrum is highlighted with black color.
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