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The development of making recycle nonwovens and paper textiles

Keiichi Chikamori, Akineri Ookawa, hiromu Matsumoto,
Eikan Ebuchi, Masazuni Seki and Yasunori Endo

Kochi Prefectual Paper Techaology Canter

In the process of paper manufacture, we produce a lot of trimmings, which is called industrial

wastes, They were originally the part of the paper. When we cut off on both sides of paper, it turns from

the part of the paper to the brokes. If those broke are made from paper, it is easy to recycle by

dispersing into the water again and reusing as the material of the new paper. But if they are made from

the nonwovens, it is difficult to recycle. Because nonwovens are made of thermoplastic fibers, which are

insoluble in the water. So they are disposed as industrial wastes. It causes the cost problem of

disposition for a place of paper preduction. It is the reason we examine the way of recycling of nonwoven

fabrics. One way of recycling is that we twist the both sides of nonwovens and remake them into strings or

threads,

On the other hand, the paper textile which are made of twisted paper yarn are produced for arts and

handicrafts. Recently it starts making use of machine made paper yarn for some kinds of paper material

production, such as a mat, a bag, etc. We also examined the productivity of paper textile.
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Examination of Fibers from Cultural Properties &ec.
under Restoration

KB B (Akinori Ookawa)
(Japan, Kochi Prefectural Paper Technology Center,
ond Technical Department Chief)

In order to study the paper making applied to the paper for manuscripts in ancient
times, the fibers of hemp and Kozo were put to the test by an electric stamper. Also a
“hammering” process, the common method of finishing paper, was carried out and its
effect was examined. In addition, by making an examination of the fibers collected from
ancient paper, the method of preparing those raw materials as well as the length of

fibers was studied.
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Introduction

In Japan, recent years have witnessed a steady increase in the restoration of cultural
properties &e. and I am so pleased with it for the sake of our cultural inheritance which

are to be conveyed to the next generation.

It has come into practice to examine the fibers of backing paper as well as main paper
on the occasions of the restoration of hanging scrolls, folding screens, documents, ete.

made with the traditional mounting technique of Japan,

In restoration, if damaged parts of paper are mended with the paper made of different
fibers, the finished work would look incongruous, This is because it is desirable that
restoration should be done by using the same paper as the main one, as the paper
applied for restoration affects its completion, conservation, etc. Therefore it is

considered it important to examine the fibers of paper.

1t is since not so long but around 20 years ago that T have been asked to examine fibers
by some restoration institutes. Such requests are showing a tendency to increase yearly
and the examination of fibers has become compulsory for the national cultural

properties designated by the Government.

In Kochi Prefecture, the paper manufacturing industry is flourishing with a large
number of hand paper-making workshops and machine paper-mills, and the Kochi

Prefectural Paper Technology Center has been supporting them in various ways.

The center has also been accepting students, restoration technicians, researchers, ete.
for training for restoration who have an ambition to make Japanese paper, Washi, of a
special type for restoration, not on the market but in demand for restoration workshops,

or to enter the restoration industry,
In the examination of fibers ever made, some of the results contradict with the

accepted theories. This report draws on the study of ancient paper and the examination

of fibers made so far,
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1 Methods

The method to examine the composition of the fibers of paper is provided for by the
Japan Industrial Standard (JIS, P-8120). The composition is determined by identifying
the form of fibers and by a state of their color showing after they are dyed with a

reagent.

Kozo (Broussonetia kazinoki Sieb.) shows reddish brown, Mitsumata (Edgeworthia
chrysantha Lindl.) olive, and bamboo, rice and the like blue. But even the same fibers
show different states of color among them depending on the ways to treat raw materials
and process paper, a state of deterioration in fibers, etc. Therefore experience and

training are all the more important,

The way to examine the composition of fibers is not Japan’s origination but based on
the American “TAPPI (Technological Association of Pulp And Paper Industry) Standard
Ixamination Method”, which is used worldwide in relation to restoration as well as,

certainly, paper manufacturing,

In addition, there remain in Japan numerous paintings and documents like copies of
the Buddhist Scriptures and the like made over 1,000 years ago. Accordingly, as it is not
possible to cope with the situation only with the present way of hand paper-making, the

ancient methods of making and processing paper, ete. are being studied and referved to.

2  The Method of Paper Making in Ancient Times

In the literature on the Japanese paper-making, the oldest record is found in “Nihon
Shoki” (The Japanese Chronology) that a priest came over to Japan from Korea and
introduced paper making in 610 (in March in the 18th year of the Era of Empress Suiko).
The method of the Japanese paper-making in ancient times was greatly influenced by

the paper-making technique introduced from Korea.

Copying the Buddhist Scriptures by groups was first organized at the Kawaharaji
Temple in the 1st Year of the lira of Emperor Tenmu (673), bringing about a great
demand for paper for that purpoese. The prevalence of Buddhism increased a demand for

handinade paper, leading to flourishing paper-niaking by hand.
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According to “T'he Paper of Japan” written by Bunshoh Jugaku, the names of paper
number in 233 which were picked from “The Documents of Shohsoh-in (the imperial
treasure house)” covering 53 years from the 4th Year of the Jinki Era (727) till the 11th
Year of the Hohki Era (780). The names were sorted out according to their implications;
l.raw materials, 2.Producing areas, 3.color tones, 4.dyestuff, 5forms, 6.usage,

7.quality; 8. methods of processing, and others.

This indicates that the colorful world of paper was being developed. The fact that theve
were such a large number of names for paper explains that paper-making technique
developed and thrived rapidly, suggesting a reflection of not only the paper-making
technique introduced from Korea but also the situation of the paper industry in

prosperous Tang reported by Japanese envoys to and visitors from China.

There is no literature on the paper-making technique of those days. The best one
considered to reflect the technique used in the Nara Period (in the 8th Century) is
“Engishiki” (The Style of the Engi Era) compiled by Fujiwara-no-Tokihira in 927 (the 5th
Year of the Enchoh Era) in the reign of Emperor Daigo. The clause of the Library Office,
Paper Making, in the volume 13 describes the amount of raw materials such as Kozo
and Gampi (Wikstroemia sikokiana Franch. et Sav.), that of the wood ash used for
cooking, and things like screens, all of which were supplied to 4 craftsmen of paper
making per year. But there is no description at all of mucous stuff for screening paper
such as Tororoaoci (Hibiscus manihot) and the like. Therefore it is considered that paper
was screened by the method of “tamezuki” (Western sereening method),which applies no
mucous stuff, at the Library Office placed under the divect control of the Imperial Court,
There is also a description of the working norm for various processes in paper making
thiroughout a year. The norm was regulated as long, mean or short working according to
different daylight hours. Table 1 shows only the long working-days provided by the
labor standard for each process, namely, during the long daylight hours from May to
August. The mean working-days are in April, May, September and October, and the
short ones are during the shortest daylight hours from November to February. The
vertical axis is for the names of cloth (hemp), Kozo, ete. for raw materials, while the
horizontal axis for the labor standard for each process; cutting fibers, cocking, removing

impurities, beating in a mortar, and screening paper.

“Cloth” is supposed to be ramie cloth. One person’s norm per day was cutting 713 g of

cloth and accordingly it took him 2.8 days to do with 3.5 kin (ca. 2 kg). In the process of
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beating in a mortar, 75 g of cut cloth was a person’s portion per day and it took him 26.5
days to beat it all. Therefore, when one person was engaged in the entire process from

cutting to beating with a little less than 2 kg of raw materials, it took him as many as

29.3 days to complete it.

In case of Kozo, it is calculated that a person would need 9 days to prepare 2 kg of raw
materials for screening.

Ramie paper went almost out of production after the Heian Period (794-1185). The
reason can be understood as follows through studying the process of paper making in
“The Style of the Engi Era”.

As paper came into a greater demand, Kozo and Gampi were preferred as the raw

materials which were easier to treat and yielded a greater output than ramie.

The days necessary for preparing 3.5 kin (1.988 g) of raw materials for screening (only

during the long working-days)

Raw materials  Cutting Cooking Removing Beating Days
for paper impurities in a mortar
Cloth 713 75
(Ramie cloth) (2.8) (26.5) 29.3
Ramie 863 713 75
(raw) (2.3) (2.8) (26.5) 31.6
Kozo 1,988 1,988 638 488

(D ey (8.1 (4.1) 9.2
Gampi 1,988 1,988 675 300

(1) (1) (2.9) (6.0) 11.5
Kurara 1,988 563 75

o (3.5) (26.5) 31.0
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2.1 Paper in Ancient Times

The paper made of the main raw materials for Washi (Japanese paper), such as
Kozo, Gampi, Mitsumata, etc., differs in the forms of those fibers, like the length of
a fiber, etc., from one another respectively, and the finished paper correlates to its
raw materials. Those who are interested in Washi or engaged in work using Washi
can learn to tell what raw materials are, when well experienced, through the
texture and feeling of paper.

It 1s considered that they can make such estimation because it is based on their
daily use of Washi as well as their observations of paper through visits to Washi

workshops ete.

But there are some cases found in studying the paper of the Nara Period, where
fihers were cut short about 2 mm long or fibers less than 1 mm long were used.
Such ideas don’t belong to the contemporary technology of handmade Washi. A
mortar must be used for the beating of such short fibers, They would be beaten into
fibrils, which it is inconvenient to use as raw materials for screening paper by the
method of nagashizuki (waving screening). It is presumable that they were

prepared for screening by the method of tamezuki (still screening).

There is also a totally obliterated technique called “paper hammering”, in which
sheets of paper are wetted, put with one on top of another, and beaten with a mallet.
This technique might have been introduced together with that of paper making, It
had been handed over till modern ages. Today, however, it is retained in use only in
the “paper hammering of foil” which is practiced for making gold foil. Paper beating
betters the smoothness of paper a great deal and gives more luster to the surface of
it, while the absorption of water decreases, tightening paper and increasing its
density. As a result, it is impossible to tell Gampi paper from Kozo paper or paper
made of other raw materials. It is easier to write on hammered paper in India ink,

which doesn’t blot even in writing slowly.

The present methods to prevent blotting are:
To apply blotting-preventive stuff {size) to raw materials before screening.
2. To apply the solution of size (glue and alum) to dry paper by stroking it with a
brush. Then paper is pressed through a roller with or without being

sandwiched in zinc plates in order to smooth its surface and make copying on it
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easier without blotting.

Consequently, there is a difference between ancient times and today in the methods

of treating raw materials and processing paper to make it preventive of blotting,

and it is considered difficult to tell swhat the kind of raw materials used for paper is

from its appearance only.

3 The Examination of Paper

Table 4 shows the properties of some kinds of paper being produced at present, like

Honminoh Paper, Sekishu-hanshi, etc., which were examined to make a comparison

with those of ancient paper.

Usually, the density of the paper of Honminoh made of Kozo with the utmost care is ca.

0.35 g/em3and that of Sekishu with white clay mixed in shows a high value due to the

white clay of big specific gravity. In Hodomura Paper, pieces with a heavier area weight

has a higher density. And in other kinds of paper as well, a piece with a heavier area

weight tend to have a higher density on the condition of the same raw materials. As

paper with a heavy area weight comes off easily in drying, a wet sheet of such paper is

pressed hard onto a drying board. This is considered to be one of the factors in the

density showing high values.

Contemporary handmade paper

Honminoh | Sekishu Sekishu Hosckawa | Hodomura | Hodomura
Kozo Paper | Kozo Paper Paper Paper Paper
{(White Clay)
Arvea Weight g/m? | 36.0 16.6 38.5 35.8 37.3 93.4
Thickness mm | 0,102 0.048 0.088 0.i01 0.096 0.199
Density glem? | 0.35 0.35 0.44 0.35 0.39 0.47
Fiber Kozo Iozo Kozo Kozo Kozo Kozo

_53_




Table 3 shows the results of the density examination of the paper used for the ancient

copying of the Buddhist Seriptures.

1. The Gyoyoh

Copies in the

Inherited by

Scriptures Tempyoh Pericod the Yakushiji Temple
2. The Tempyoh The Great Hannya Scriptures The 2nd Year of
Scriptures the Tenpyoh Era (730)

3. The Tempyoh

The late Nara Period

Scriptures
4. The Tempyoh The Great Hannya Scriptures,  The late Nara Period
Scriptures Vol.426

5. Yellow hemp

paper

Empress Kohmyoh's Prayer

Scriptures

The 12th Year of
the Tempyoh Era (740)

6. White hemp

paper

Kongoh Jumyoh-in Temple’s

Dharani Scriptures

The early Kamakura
Period (ca.1200)

The properties of the paper for the ancient copying of the Buddhist Scriptures.

1 2 3 4 5 8
Area Weight g/m? 70.5 70.0 60.3 64.1 82,3 556.3
Thickness mm 0.079 0.076 0.087 0.088 0.100 0.062
Density g/em?3 0.89 0.92 0.69 0.73 0.82 0.92
Smoothness  sec 16.4 7.2 11.8 14.4
Fiber Kozo Kozo Kozo 90 Kozo Kozo 80 Kozo
Gampi 10 Gampi 20

In the examination of the paper for the ancient, copying of the Buddhist Scriptures, the

paper for the “Hannya Seriptures” (1) showed a value of 0.89 g/em? in spite of its Kozo

fibers. The paper for the “Tenpyoh Seriptures” (2) was also of Kozo fibers but a value

was as high as 0.92 g/cin3, while the other kinds of paper showed high values as well. If

Honminoh Paper, the contemporary handmade paper, reaches a value of 0.98 glem3in

density up from the present 0.35 g/cm3, it ineans that the thickness of the paper

becomes 1/2.5 as thin through hammering. The Kozo paper which is being made at
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present has a rough surface, which makes it impossible to examine the smoothness of
the paper. But the paper for the ancient copying of the Buddhist Scriptures was
processed through hammering ete. to make it preventive of blotting, therefore the

surface is smooth and the determination of smoothness is possible.

The area weight and density of the paper for the ancient copying of the Buddhist
Scriptures.

The paper for the ancient copying of
the Buddhist Scriptures
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Figure 1
Figure 1 shows the area weight and density of 28 pieces of paper for the ancient

copying of the Buddhist Scriptures. Many of the values seem to be 60-80 g/m?in area
weight while 0.6-0.8 in density.

4 Paper Hammering

It was not nonprocessed but always processed paper that was used for copying the
Buddhist Scriptures. Paper was hammered as the most common way to make it
preventive of blotting. Accordingly, paper hammering was carried out practically and

variations in the properties of paper, like density, smoothness, water absorption degree,

etc., were examined (Table 4).
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Sample Hosho - Ohmi-torinoko Maopien Paper
Place of production Kyoto Prefecture | Shiga Prefecture | China
material Kozo Gampi Bamboo
HHammering undone { done undone | done undone ; Done
Area Weight g/in2 94.5 98.2 31.5 31.7 30.9 33.5
Thickness mm 0.239 0.118 [ 0.056 0.042 ] 0.052 0.023
Density glems3 0.40 0.83 0.56 0.75 0.59 1.46
Water absorption degree
mm/smin gr.d 42 20 14 12 36 17
cr.d a7 22 10 9 29 13
Smoothness sec L1 7.1 41 58 14 79

The paper of Hohshio made of Kozo had a density of 0.4 g/cm3, which rose up to 0.83
glem? when if was wetted and hammered. Therefore the thickness became about a half
as thin, and the degree of water absorption also lowered by half from 42 mm down to 20
mm in 5 minutes. But because the length of a torn-beaten fiber decreased, the paper got
a little weaker with its intensity being decreased. In the process of hammering, paper is
wetted but gradually dries while hammered. If dry paper is hammered, intertwining of
fibers is de_stroyed in any case and intensity drops. But the paper doesn’t blot and easy

to write on.

In Gampi paper, no big variation in density was seen even when it was hammered, and
the values changed from 0.56 g/icm3to 0.75 g/cm? while from 14 mm to 12 mm in water

absorption degree,

The paper of Maopien made of bamboo showed a great effect by paper hammering. The
density increased from 0.59 glem3to 1.43 g/em? and the paper was tightened a good deal.
After hammering, the bamboo paper was finished with a very smooth surface with

luster.

In order to see if it is really good to increase the density of paper, a comparison was
made between two kinds of Konsho-shi (mix paper) made of a mnix of ramie and Gampi
or Kozo in different treatments, such as nontreatment, beating and plate calendering

(paper sandwiched in zinc plates is pressed through a roller} to make paper smooth




(Table 8).

Comparison between paper beating and plate calendering in variations in properties.

(Study of ancient technique for paper making, I . Conservation Science, No.22)

Sample Konsho-shi (mix paper) Konsho-shi (mix paper)
Place of production Kochi Prefecture Kochi Prefecture
Material Ramie, Gampi Ramie, Kozo
un- hammered | plate un- hammered | plate-
finished calendered | finished calendered
Area Weight g/m? 72.0 63.2 69.0 56.2 54.6 52.1
Thickness  mm 0.263 0.085 0.100 0.229 0.078 0.092
Density gfcm3 0.27 0.74 0.69 0.24 0.70 0.57
Water absorption degree
mm/5min gr.d 88 20 80 102 37 104
cr.d 86 20 80 95 27 88
Smoothness sec 1.1 7.1 41 58 14 79

It is the degree of water absorption that should be given attention to here. The value of
88 mm in nontreatment dropped remarkably down to 22 mm after hammering. On the
other hand, although the value of density rose considerably from 0.27 g/em®up to 0.69
glcm3 after calendering, that of water absorption remained to be 81 mm and hardly

showed any variation.

The fibers forming paper are joined together by hydrogen combination, which it
promotes further to give moisture to paper and hammer it, resulting in a larger area of
adhesion among fibers. Accordingly, it is considered that there is less blotting in the
paper with an increased density by hammering, because it is hard for water or ink to
pass through among fibers. In dry condition to the contrary, however hard paper may be
hammered or calendered, no joining occurs among fibers, although they get nearer to
one another, And the paper looks smooth but blots. The same experiment was made
with the paper made of a mixture of ramie and Kozo, and the degree of water absorption
lowered fhrough hammering from 102mm down to 37 mm while it showed little
variation through calendering.

5  Tibers in Paper for Copying the Buddhist Scriptures in Ancient Times &c.
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Figures 2, 3 and 4 show for comparison the fibers of Kozo, Gampi and Mitsumata,

typical of handmade paper, obtained from the paper being made in contemporary times.

Kozo fibers

Mitsumata Fibers

Empress Kohmyoh's Prayer Scriptures

Figure 5 shows the fibers fromn the “Empress Kohmyo's Prayer Scriptures” in the 12th
Year of the Tempyoh Era (740). They were attached to a sample book of old paper, “The
Samples of Old Paper”. A bit of the paper was examined and its area weight and density
were determined as 82.3 g/m2and 0.82 g/em3 respectively. The fibers of hemp and Gampi
can be seen and the former fibers have the traces of cutting. In the case of ancient hemp
paper, only a little amount of hemp was beaten in a mortar in a day as was described in
the table of the process for making paper in “Engishiki’ (The style of The Engi Era),
therefore the fibers are in the shape of fibrils.

When paper is treated with C-dyeing solution and observed, distinction is possible
between hemp and Gampi papers, with the former showing reddish brown and the
latter light blue. The fibers have many traces of cutting, and the mean length of about

100 fibers including those of Gampi is a little less than 2 mm, suggesting that they were
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beaten in a mortar. [t seems they consist of a mixture of about 80 % of hemp and about
20 % of Gampi.

Figure 6

The Ancient I{orean Kegon Secriptures The One Million Miniature Pagodas and the

Dharani Scriptures (Ino Paper Museum)

The Kegon Scriptures consist of 43 sheets of paper, 26 cm lengthwise, 46 cm sidewise,
and 20 m in total length. The year of issuance is described as the 12th Year of the Tenpoh
Era (753).

The paper’s texture is so white with transparency. The surface is smooth with
intensive luster. The paper is magnificent with few impurities and no disentangled
fibers. Although it is rather thin for copying the Buddhist Scriptures, no blotting is
found there. The part without any luster seems to have been penetrated by water and
the letters written there in India ink look faint. When touched, it felt crisp and seemed
to be tight with a high density. In the determination of 22-26 sheets of paper from the
Kegon Scriptures, the area weight and density were 32.0 g/m?and 0.64 g/cm3
respectively. The latter value is much higher than that of the handmade paper which is
being made conimonly, suggesting that some processing was applied to the paper.

India ink didn’t intrude into the part penetrated by water and came off instead. Even if
paper is hammered, India ink will penetrated it. Therefore the surface of paper was
treated with blotting:preventive stuff to keep it from penetration by India ink, and

processing, such as paper hammering, paper polishing, etc was carried out.
The Dharani Scriptures of Hyakuman Toh (One Million Miniature Pagodas) are said

to be the oldest in the world among the printed matters whose times of production have

been identified. In the 8t® Year of the Tenpyoh-Hohji Era (764), as revolt by
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Emi-no-Oshikatsu was pacified, 100 pieces of 3-tiered wooden miniature pagodas were
ordered according to the request by Emperor Shohtoku. The middle of the inside of each
pagoda was hollowed, where a print of one of the 4 volumes of the Dharani Scriptures
was kept and the bottom of the tower’s top pillar was inserted into the top of the roll.
The pagodas were distributed, 100.000 to each, to the main 10 temples in the provinces
of Nara, Yamato, Settsu and Ohmi (Nara and Kyoto Prefectures), But 9 of the temples
were burnt down and the rest pagodas existing today are considered to be only the
inheritance of the Hohryuhji Teinple.

The number of sticks in the screens for the pagoda’s Dharani is about 16-32/3 cm, and
the traces of rough meshes seem to have been made by a screen of pampass grass while
those of tight ones by a bamboo screen. The paper of one of the volumes of the Scriptures
has the traces of 16-30 sticks, suggesting that such paper as made at a number of
workshops for paper making was used. The intervals of woven threads are 1.7-3.0 cm
and vary even within one volume ranging fromn 1.7 cm-2.3 em, contrary to constant
mtervals in contemporary screens. In addition, on account of a great deal of paper, it is
also said that paper might have possibly been imported from Korea and China for use.

The fibers of the “One Million Miniature Pagodas’ Dharani Scriptures” which consist of

4 volumes were examined with 2 samples for each.

|

The Konpon Dharani The Sohrin Dharani

Figure 8 shows also the fibers of another volume (Sohrin) of the “One Million
Miniature Pagodas’ Dharani Scriptures” and they are nothing but Kozo fibers. The 4
volumes of the Scriptures copied by printing were examined with 2 samples from each,
totaling up to 8. Paper made of Kozo mixed with Ganpi was found in a sample from 2 of

the volumes each, numbering in only 2, while the other samples of paper were made of
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Kozo only. Even in one volume of the Dharani Scriptures, both kinds of paper made of
Kozo only or mixed with Gampi were used. Because of a great deal of paper was used, it

is presumed that there is also paper made out of still other plant fibers.

Figure 10 shows the fibers of a kind of paper, called Chuhshohmu or Dabi-shi
(crematory paper). The latter name seems to derive from the reason that there are tiny
black dots seen on the surface of the paper, which give an impression that crematory
ashes appear there,

The sample of paper is made of 100 % of Mayumi.
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Figure 11
The fibers of Chuhshohmu Paper The distribution of the fiber length of

Chuhshohmu Paper

Mayumi paper first appeared as “The Separate 13 Notebooks of Mayumi Paper” in the
documents of the Shohsoh-in (imperial treasure house) in the 15t Year of the
Tenpyoh-Kanhoh Era (749). Then it appeared a number of times there and ended up as
“Mayumi Paper” in the 2% Year of the Tenpyoh-Hohji Era (768). Mayumi paper was
presumably made only for 9 years during the Tenpyoh Period.

Mayumi paper was made of not only 100 % of Mayumi but also a mix of Mayuwni with

Gampi, Kozo or others.

TFigure 11 shows the length of each of the fibers determined with the fiber-length
measurer, which can count 100 in a second for short fibers, 7.2 mm or less long. The
graph shows the results of the determination of 15,500 fibers, the mean length of which

was (0.66 mumn.

Figure 12 shows a kind of Dabi Paper in the "lenpyoh Period as well, which was dyed
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with yellow Kihada.
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Figure 12 [Figure 13
A kind of Dabi Paper The distribution of the fiber length
(Mayumi mixed with 25 % of Gampi) of Mayumi and Gampi

The paper is made of Mayumi mixed with about 25 % of Gampi. The length of a fiber
was determined for 11,000 samples from the paper of a mix of Mayumi and Gampi, and
the mean was 0.73 mm (Figure 13). The fibers of Gampi are cut longer than those of
Mayumi. It is considered due to the Gampi fibers that the end of the graph extends
along the axis of length. Because the mean of only the Mayuini fibers is 0.56 mm, that of

the whole was increased by the Gampi mixed in.

This paper is an example of the use of very short fibers.

Figure 15
Dai Hannyakyoh Niigatsudou Yakekyoh (Burnt-Scripture
(The Great Prajna Scriptures) Paper of the Toudaiji Temple)

Figure 14 shows Dai Hannyakyoh (The Great Prajna Secriptures) of the 2nd Year of the

....62,




Tenpyoh Era (730) and a picture of fibers from the paper, called Tenpyohkyoh (Tenpyoh-
Scripture Paper), for copying the Buddhist Scriptures.

Figure 15 shows Konshi Paper (Indigo Paper) dyed with indigo. It is a sample of paper,
called Yakekyoh (Burnt-Scripture Paper) of the Nigatsudoh Temple of the Tohdaiji
Temple in the Nara Period (8th Century).

In both Tenpyoh-Scripture Paper and the Nigatsudoh Temple’s Burnt-Seripture Paper,
there are many sections observed in the fibers, therefore these fibers are supposed to

have been cut.,

Figure 16 shows a sample of paper in the Heian Period (794-1185), which looks light
green. The pulp of Gampi used for the ground of this paper was either unbleached or
treated with yellow dye faintly. On the other hand, Kozo paper dyed with indigo was cut
fine, then remade into pulp, and mixed with Gampi pulp, and finally this paper was
screened. As a result, the finished paper shows light green. Such a inethod, cutting
indigo-dyed Kozo paper into tiny pieces and mixing them with other pulp to make color
paper, was often used in the Nara and Heian Periods. It is found that paper was used to
dye with, because some of the Kozo fibers dyed with indigo are not colored. In addition,
when the paper was treated with C-dyeing solution, many bluish dark dots were
observed. Therefore rice paste is found to have been mixed in the paper.

As for those colors, the amount of indigo-dyed Kozo paper seems to have been
regulated depending on desired color.

Practically, Gampi fibers were observed, when magnified, to be mixed with
indigo-dyed Kozo fibers. As some of the Kozo fibers are observed to be not dyed indigo at
all, it is found that dye was applied not to the pulp but to the paper. The mean length of
about 11,700 fibers was 1.01 mm.
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Figure 16

Paper in the Heian Period,

“The Senpukuji Temple’s Yakekyoh
(Burnt-Seripture Paper)”

(The darker fibers are indigo-dyed.)

Figure 17
Treatment with C-dyeing solution

(The dots show rice paste.)

In sereening, shorter fibers disperse in water more easily forming a better texture of
paper, while longer ones do more difficultly forming a worse one. .

As the fibers of Mayumi used in the Nara Period were 0.5-0.6 inm in length, they are
easy to screen and form an even and beautiful texture. On the other hand, the fibers
whose mean length is 8-9 mm are difficult to sereen forming a very bad texture when
used as they are, because water drains through'a screen too fast. It is observed in some
pieces of paper in the Heian Period that short-cut fibers were used, This could be
understood to mean that it was because of making paper by the method of Tamezuki

(still sereening) without using mucous stuff.
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Figure 18

The fibers of the paper of a painting in the 4th Year of the Koh-an Era (1281)

The fibers of the paper are of Kozo and Mitsumata.
It is since 1598 that Mitsumata fibers have been used according to the established
theory. However, they have recently been observed in the paper made in older times

through the examination of its fibers as well.

Figure 19
Ukiyoe

The paper was used for the work by Hiroshige. When treated with C-dyeing solution,
hlue solids and dots could be observed. It produces an advantageous effect on paper to
add rice paste to Kozo fibers as filling-in stuff: As the space among the fibers is filled in,

the surface of the paper becomes smooth, which is good for printing; As the fibers are




prevented from being entangled among themselves, the stability of the size of paper
improves, etc,
To the disadvantage of the paper, it gets easily damaged by insects, and it becomes

fragile because intertwining among fibers is not in good shape.
Conclusion

In this study, discussed were; the method of paper making in “Engishiki” (The Style of
the Engi Era); the inethod of paper hammering for making paper preventive of blotting;
ancient paper; the microscopic examination of fibers, etc. The results show that paper
was made by cutting fibers short, using short fibers, mixing different kinds of raw
materials together, etc. The paper used for copying the Buddhist Scriptures never failed
to be processed with the technique of paper hammering in order to be made preventive

of blotting.

The usage of Mayumi Paper, which is introduced in literature, had not been known,
but it was found to have been used practically in such kinds of paper as Chushohmu, etc.

for copying the Buddhist Seriptures.

It can not be considered in any sense that paper was made uniformly nationwide, by
only “Tamezuki” (still sereening), not using any mucous stuff for screening but cutting
fibers short instead simply because there is no description of mucous stuff in the method
of paper making in “Engishiki”. In fact, some kinds of ancient paper have a good texture
in spite of their long fibers, some seem to have been screened by Tamezuki with such
mucous stuff as “Tororoaoi” (Hibiscus manihot), etc., and others by Nagashizuki (waving

screening) judging from directions in which fibers run.

What was shown in this presentation is extremely limited and there are a lot of other
kinds of paper. Various inventive skills were developed, like the methods of preparing

raw materials, dyeing, screening, making paper preventive of blotting, etc.

It would be desirable to get information on paper in a nondestructive way, but the
present condition is inadequate yet. Correctly speaking, it is necessary to obtain a
minute amount of fibers from such parts as joins of paper, ete. and make a microscopic
examination of them. Then it is made possible to get a variety of pieces of information

on paper making, such as the kind and length of a fiber, the condition of the treatment
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of raw materials, the presence of filling-in stuff, etc., which is considered to be of great

use for restoration ete.

- T hope that greater inferest will be shown in cultural properties and their restoration

and that studies in this field and technology for restoration will be further developed.
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