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Abstract

The first historical papers in their most primitive form provide valuable information from their manufacturing
technology and are still being researched. This research aims to investigate the structural and appearance
characteristics of the papers of two early manuscripts belonging to the 5th century AH. For this purpose, library
studies provided descriptive information about historical papers, and the existence of organic and mineral
substances was determined through optical and polarizing microscopic, microchemical and SEM_EDX tests. The
visual and appearance characteristics of the papers were checked using colorimeters and light sheets. The results
show that the fibers of flax and hemp plants are the basic fibers and their accompanying cells are the side fibers of
the material in the papers of this manuscript. The presence of accompanying plant cells such as vessels and
parenchyma in these papers confirms the use of the plant itself in preparing the papers of these manuscripts.
Minerals in SEM images and in matching with EDX data show the presence of calcium carbonate (lime) and
possibly white soil or alkaline Shokhar substance, which have a different structure from the shape of plant star
crystals of hemp calcium oxalate. The absence of chain lines, the presence of deviated parallel lines with a large
distance from each other, and the non-uniform distribution of pulp in the papers of both manuscripts indicate the
first paper-making molds. The thickness of the papers in the cross-section is relatively high and the surface coating
of both papers is made of wheat and rice starch. The paper of manuscript 5922 is darker than the self-colored
paper of 345 manuscript. Also, this manuscript has iron stains and benefits from a lower amount of rice starch at
the surface of own papers.
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Introduction

The first papers appeared after the advent of Islam in the 4th century AH (10th AD). The unknown pulp of historical
papers led to the use of new examination methods to discover the internal and external structure of historical papers.

Materials and Methods

Varity types of light microscopy, polarizing and electron microscopy (SEM) methods were used (Yum, 2008; Hajji et
al., 2015). Using Herzberg and Lugel's microchemical reagents and matching with botanical standards, the fiber
structure was investigated. The structure of minerals in paper pulp was determined by (EDS) analysis. Colorimetry and
light sheets were used for the appearance of the papers.

Results

The light sheet in paper sample 345 only show the laid lines of the papermaking molds that have deviated from their
straight path (Figure 1). The distance of laid lines from each other is 1 mm and the number of lines is 7 in 1 cm. The
non-uniformity of the pulp of paper fibers is evident and the thickness of the paper is 0.14 mm (149.41 um) in the
(SEM) images. Optical and polarizing microscope images show fibers with an average diameter of 44-11 um and
sometimes up to 65 um with indistinct dislocation, lumen cavity with different widths and the end of the round or
sharp tip of the fibers and the presence of calcium oxalate crystals (Figure 5). Also, elemental analysis (EDS) has
determined carbon, oxygen, sodium, chlorine, calcium, lead, potassium, magnesium, sulfur, and phosphorus as the
most to least elements (Table 7) and (Figure 11). In paper’s manuscript 5922, the laid lines are deviated from their
alighment and the pulp is not uniform. These lines can be seen in the number of 7 to 8 per 1 cm of the paper surface
(Figure 2). Electron microscope (SEM) images show the thickness 0.20 mm (204.84 um) and calcium oxalate crystals
are evident in the fibers. A light brown color and red dots can be seen on the paper surface (Table 4,5) which proved
the presence of iron in the elemental analysis (EDS) (Table 2) and (Figure 3). The length of fibers varies in width from
the lowest to the highest size of 10-82 um, with the characteristic of weak dislocations and sometimes wide lumen
cavity, which indicate hemp, and narrow fibers with a thin lumen narrow, dislocations, cross-markings, longitudinal
striations, and swelling with a width of about 24-45 um indicate flax. The presence of parenchyma with blunt corners,
epidermis, phloem vessels with a diameter of 45 um, and sometimes the presence of wood fibers with separate and
distinct and wide holes in the pulp of the fibers are observed, which belong to hemp plant fibers (Figures 6,7). The
elemental analysis in order from the most to the least element identified carbon, oxygen, calcium, sodium, potassium,
chlorine and sulfur (Table 7) and (Figure 11).

Discussion

The results of light sheet show that both papers have primary papermaking mold (Table 3). Features such as the
absence of chain lines, widely spaced laid lines, the number of laid lines that were between 8 and 10 cm and the line
width decreased by 0.5 mm and deviation from straight lines are present in the papers of this manuscript, which are
characteristic of papers before the 6th and 7th centuries AH (Roger & Hazem, 2009; Mogbel Isfahani, 2001).The data
of the Image J software show less surface coating of rice starch on the 5922 papers (Figures 8,9,10) and (Table 6).
Electron microscope images show the type of starch used in the papers of these two manuscripts, which appear as
granules of vatying sizes, either separately or attached to each other in the cross-section of the paper samples (Figures
9 and 10). In general, the starch structure consists of granules with amylose and amylopectin inside. The size, shape,
surface area of the granules, and the amount of amylose and amylopectin they contain depend on the plant source of
the starch (Godarzi & Abdullahzadeh, 2019). The shape of the large granules is like a disk or lens, and the small
granules are spherical or oval (Qandehari Alavija et al., 2021). In paper 345, wheat starch with relatively large and small
granules of different sizes covers the surface of the papers with a layer 40.75 pm thick. This surface coating is almost
uniform and is accompanied by burnished sizing. In both papers bast fibers and accompanying cells of non-woody
plant of hemp and flax are used (Figures 5,6,7). Associated cells in paper pulp such as vessel, epidermis and parenchyma
effective in better distinguishing between non-woody plants such as flax and hemp (Bergfjord & Holts, 2010; Catling
& Grayson, 1982; Sisko,1995). Also, calcium oxalate crystals (CaCy0O4, CaOx) and lime are observed among them
(Figures 12). Scanning electron microscope images confirm the type of mineral crystals of settled lime water (Ca (OH2))
alongside star-shaped (cluster) crystals (Faheed et al., 2013; Guggiari et al., 2011) of calcium oxalate (Figure 12). The
elemental analysis (EDS) of the mineral structure of both papers shows the presence of minerals, which is probably
caused by the presence of bleaching agents such as lime (CaO), probably Schokhar and Huntite (MgzCa (COs3)s).

Conclusion

The results show that the appearance of historical papers in two manuscripts 345 and 5922 belonging to the 5th
centuries A.H. followed the pattern of eatly paper-making molds. In terms of color, the papers of manuscript 5922 are
datker and more yellow and red and contain iron element. The surface coating of sizing in 345 paper’s manuscript is
wheat starch and in manuscript’s 5922 it is rice starch. The internal structure of the papers of these two manuscripts
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are hemp and flax plant fibers. The mineral elements found in the structure of the papers are evidence of lime, sodium
chloride, calcium oxalate crystals, Huntite or alkaline substances.
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Figure 2. T- 5922: A) brown paper, B) non-uniform distribution of paper pulp, deviation of laid lines
from straight with 1-2.1 mm distance between 7 lines per 1 cm, C) thickness of 0.20 mm D) & E) red
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Figure 3. Elemental analysis (EDS) of red dots in manuscript papers T-5922
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Tab 2. The result of Elemental analysis (EDS) of red dots in manuscript papers T-5922

oo oS’ o Uy 3555 o OS] R
Fe Ca K S Na O C
88.27 1.35 1.12 0.31 0.24 5.88 2.83
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Tab 3. Types of paper making mold lines in Daulatabadi and Termeh papers
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538V 5hiss 4y VM bl alols qouitans (slily ) Bl e b als 577 7 5
o sloy2s bolad (9 5
- em, _ Mold withlaid ~ 5¢h century DO
Cream-colored paper, 0.14 mm thickness, clear and sometimes ;& without chain
unclear thick laid lines, deviation from the straight, 1 mm line line
distance, 7 pieces per cm1.
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. . 0 . &ilse okt L LB
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Mold with laid 5th century
line& without chain
line

Brown paper, 0.20 mm thickness, clear and thin laid lines with
deviation from the straight, 1.5 mm line distance, 7 numbers

per cm1
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Tab 4. Colotimetric data
a% b* L* b aigai
Samples
+5.1 +20.3 +72.8 D-345-ws
+2.2 +14.7 +78.0 D-345-ns
+8.1 +23.7 +63.7 T-5922-ws
+4.9 +17.7 +70.9 T-5922-ns
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Tab 5. Difference’s Colorimetric data between paper with sizing and without sizing

DE Db Da DL Whaige dulie 35

Samples Comparison No.

8.17 6.5 2.9 52 45w 1
‘ ' ' ‘ 345-ns

9.90 6 3.2 72 2922w 2
‘ ' ‘ 5922-ns

T T
3-345 4-5922

T- 03YY 5 D-Y¥0 Slal 90 5 ,00,lal clbdels o (S5 Ol e F JSWG
Figure 4. Diagram of color changes between sizing and non-sizing papers D-345 and T-5922
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Figure 5. Bast fibers and accompanying cells of hemp in paper pulp D-345 at 100 X and 200 X magnification: A)
and B) Bast fibers, C) polarized, D) destroyed vessel and E) fibers at 820 X magnification with SEM
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Figure 6. Flax and hemp fibers in T-5922 paper pulp at 100 X magnification: A) fibers with different thicknesses

and different lumen cavities, B) dislocation in narrow fiber, thin lumen, cross-markings in wide fiber in polarized
light, C) longitudinal striations and swelling and D) end of fiber, E) fiber in 5 KX 5 magnification with SEM
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Figure 7. Associated cells in paper pulp T-5922 at 100 X magnification: A) wood fiber, B) vessel, C) epidermis, D)
parenchyma
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Figure 8. Starch sizing: A) D-345 paper and B) T-5922 paper
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Figure 9. SEM images of D-345 paper: A) surface coating of wheat starch and beading at 444 X magnification, B)
measurement of thickness of sizing coating in cross section and scale of granules sizing at 1.5 KX magnification
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Figure 10. SEM images of T-5922 paper: A) surface coating of rice starch and beading at 444 X magnification, B)
measurement of thickness of sizing coating in cross section and scale of granules sizing at 2 KX magnification
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Tab 6. The data results of the volume fraction calculation of the surface coating of sizing and the scale

of sizing granules using Image J software
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Figure 11. Diagram of EDX elemental analysis: A) D-345 paper and B) T-5922 paper
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Tab 7. EDX elemental analysis results of two historical papers belonging to the 5th century A.H
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Pb Ca K Cl P Mg Na O C Samples
No
2.13 2.14 1.60 2.26 0.84 0.65 0.97 3.41 29.18 56.82 D-345
- 3.51 1.41 1.38 1.18 - - 0.51 45.65 46.36 T-5922
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Figure 12. Calcium oxalate ctystals and lime water: A) in KX 3 magnification and B) in X400
magnification in D-345 paper and C) in T-5922 paper in KX 10 magnification
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