
BASE MATERIAL FOR DISK, PROCESS FOR PRODUCING THE SAME,  AND DISK ROLL FIELD
OF THE INVENTION 5 The present invention relates to a disk roll which
comprises a rotating shaft  and ring-shaped disks fitted thereon by
insertion, whereby the peripheral surface of the  disks serve as a conveying
surface. The invention further relates to a base material for  those disks
and relates to a process for producing the base material. 10 BACKGROUND OF
THE INVENTION Disk rolls are used, for example, for conveying a glass plate
descending  from a melting furnace or for conveying a metal plate, e.g., a
stainless-steel plate,  heated in an annealing furnace. As shown in Fig. 1, a
disk roll 10 is built in the  following manner. Ring-shaped disks 12
containing inorganic fibers and an inorganic 15 filler are fitted by
insertion onto a metallic shaft 11 serving as a rotating shaft. Thus, a
roll-form stack is obtained. The whole stack is pressed through flanges 13
disposed  respectively on both ends, and these disks 12 in this slightly
compressed state are  fastened with nuts 15. In the disk roll 10 thus
obtained, the peripheral surface of the  disks 12 functions as a conveying
surface (see, for example, JP-A-2004-299980 and JP- 20 A-2004-269281).
SUMMARY OF THE INVENTION However, such disk rolls have the following
problems. The glass plates or  stainless-steel plates to be conveyed have
increased in area in these days and, hence, the  25 conveyance time per plate
has become longer. The time period of contact with the I disks also has
become longer. Because of this, the disks heat up to a higher  temperature
than before and have come to have a larger difference than before in  



temperature between before and after the conveyance, i.e., between the time
when the  disks are in contact with a glass plate or stainless-steel plate
and the time when the 5 contact has terminated. In periodic inspections also,
there are cases where the disks  are rapidly cooled. In such cases, the disks
thermally shrink before the metallic shaft, which has  a high heat capacity,
thermally shrinks. There is hence a fear that disk separation (the
phenomenon in which a gap is formed between disks) may occur and the roll
surface 10 (conveying surface) may crack due to a thermal stress attributable
to a temperature  difference (difference in thermal expansion) between the
outside (surface) and the  inside (inner parts) of the disks. The invention
has been achieved in view of those problems. An object of  the invention is
to provide a disk roll which, even when rapidly cooled, suffers neither  15
disk separation nor cracking and which has excellent spalling resistance.
Namely, the present invention relates to the following items (1) to (6).  (1)
A process for producing a base material for obtaining therefrom ring- shaped
disks for use in a disk roll comprising a rotating shaft and the ring-shaped
disks  fitted thereon by insertion, whereby the peripheral surface of the
disks serves as a 20 conveying surface, the process comprising molding a raw
slurry material into a platy shape and  drying the plate, the raw slurry
material containing inorganic fibers which have a wet  volume of 300 mL/5 g
or larger and which are amorphous or have a degree of  crystallinity of 50%
or lower. 2 (2) The process for producing a base material for disks according
to (1),  wherein the inorganic fibers have an average fiber diameter of 3-7
m. 



(3) The process for producing a base material for disks according to (1) or
(2), wherein the inorganic fibers have a composition in which A1203:SiO2 is
from 60:40  5 to 99:1. (4) A disk for use in a disk roll comprising a
rotating shaft and ring-shaped disks fitted thereon by insertion, whereby the
peripheral surface of the ring-shaped disks  serves as a conveying surface,
the disk being each of the ring-shaped disks, the disk containing inorganic
fibers which are amorphous or have a degree  of crystallinity of 50% or lower
and which have an average fiber diameter of 3-7 m,  10 and having a recovery
ratio of 10-100%. (5) A disk roll which comprises a rotating shaft and disks
fitted thereon by  insertion, the disks each being the disk according to (4).
(6) The disk roll according to (5), wherein the disks have a compressed
density of 0.6-1.6 g/cm3. 15 According to the invention, relatively long
inorganic fibers can be caused to  remain in disks even after roll building
and, hence, the flexibility of the inorganic fibers  can be
maintained/exhibited. Asa result, the disks can retain a high recovery ratio
and  can mitigate/absorb the stress attributable to a difference in thermal
expansion. Consequently, a disk roll which, even when rapidly cooled, suffers
neither disk 20 separation nor cracking and which has excellent spalling
resistance, can be provided.  BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
diagrammatic view illustrating one embodiment of the disk roll.  25 3
Description of the Reference Numerals  10 Disk roll 11 Metallic shaft  



12 Disk  5 13 Flange 15 Nut DETAILED DESCRIPTION OF THE INVENTION The
invention is explained below in detail by reference to the drawing.  10 Base
Material for Disk The invention provides a base material for disks which is
for producing  therefrom the disks 12 constituting a disk roll 10 such as
that shown in Fig. 1. The  base material for disks of the invention is
obtained by molding a slurry containing  inorganic fibers which have a wet
volume of 300 mL/5 g or larger and which are 15 amorphous or have a degree of
crystallinity of 50% or lower into a platy shape and  drying the plate. The
inorganic fibers are a mixture of fibers having various lengths.  In the
invention, the fiber lengths of the inorganic fibers are expressed in terms
of wet  volume. The above-mentioned wet volume is calculated by the following
method having  20 the following steps: (1) 5 grams of a dried fiber material
is weighed by weigher with accuracy of two  or more decimal places; (2) The
weighed fiber material is placed in a 500 g glass beaker; (3) About 400 cc of
distilled water having a temperature of 20 to 25C is poured  25 into the
glass beaker prepared in the step (2), and stirring is carefully performed by
4 using a stirrer so as not to cut the fiber material, thereby dispersing the
fiber material.  For this dispersion, an ultrasonic cleaner may be used; (4)
The content of the glass beaker prepared in the step (3) is transferred into
a  



1,000 ml graduated measuring cylinder, and distilled water is added thereto
up to the  5 scale of 1,000 cc; (5) Stirring of the graduated measuring
cylinder prepared in the step (4) is  performed by turning the cylinder
upside down while blocking an opening of the  graduated measuring cylinder
with the palm of a hand carefully to prevent water from  leaking out. This
procedure is repeated 10 times in total; 10 (6) the sedimentation volume of
fiber is measured by visual observation after  placing the graduated
measuring cylinder quietly under room temperature for 30  minutes after the
stop of the stirring; and (7) The above-mentioned operation is performed for
3 samples, and an average  value thereof is taken as a measured value. 15 The
larger the wet volume, the larger the fiber lengths. In the invention,
inorganic fibers having a wet volume of 300 mL/5 g or larger, preferably 400
mL/5 g or  larger, more preferably 500 mL/5 g or larger is used. There is no
particular upper limit  on the wet volume thereof so long as the effects of
the invention are obtained. For  example, the wet volume of the inorganic
fibers may be 2,000 mL/5 g or smaller, 20 preferably 1,500 mL/5 g or smaller,
more preferably 1,200 mL/5 g or smaller.  Inorganic fibers are mixed with
stirring with an inorganic filler and other ingredients in  water in order to
slurry the inorganic fibers, and are hence cut during the stirring,  whereby
the disks obtained therefrom contain inorganic fibers having a short fiber
length. Because of this, such disks have low resiliency and are incapable of
adapting 25 to abrupt temperature changes, resulting in disk separation or
cracking. In contrast, the  5 inorganic fibers to be used in the invention,
which have the wet volume shown above,  are bulk short fibers. Even when
stirred and mixed in slurry formation, the inorganic  



fibers to be used in the invention remain longer than the inorganic fibers
used hitherto.  The disks obtained therefrom also contain relatively long
inorganic fibers and, hence, 5 the flexibility of the inorganic fibers can be
maintained/exhibited. As a result, the  stress attributable to a difference
in thermal expansion can be mitigated/absorbed, and  the spalling resistance
of a disk roll can be improved. In the invention, the inorganic fibers are an
amorphous material, i.e., have a  degree of crystallinity of 0%, or have a
degree of crystallinity of 50% or lower. The  10 lower the degree of
crystallinity of inorganic fibers, the higher the strength of the fibers.
Consequently, the inorganic fibers are less apt to break even when the fibers
are stirred  in the slurry or receive compressive force in a roll building
step. The disks can hence  retain recovery force. Asa result, disks having
high strength and a high recovery ratio  are obtained. From the standpoint of
obtaining such effects without fail, the upper 15 limit of the degree of
crystallinity of the inorganic fibers is preferably 30% or lower,  more
preferably 20% or lower, even more preferably 10% or lower. Most preferably,
the inorganic fibers are amorphous inorganic fibers. In the invention, the
degree of  crystallinity may be determined by X-ray diffractometry, in which
the internal standard  method is used to draw a calibration curve for mullite
to determine the degree of 20 crystallinity. The average fiber diameter of
the inorganic fibers is not particularly limited  so long as the effects of
invention are obtained. However, it is preferred that the  inorganic fibers
should be relatively thick inorganic fibers having an average fiber  diameter
of 3-7 .tm, preferably 4-7 m. Such thick inorganic fibers have excellent 25
fiber strength and are hence less apt to break even when the inorganic fibers
are stiffed  6 in the slurry or receive compressive force in a roll building
step. Therefore, the  



inorganic fibers enable the disks to retain recovery force. As a result, a
base material  having high strength and a high recovery ratio can be
provided. The composition of the inorganic fibers is not particularly limited
so long as  5 the effects of the invention are obtained. However, AI2O3:SiO2
is preferably from  60:40 to 99:1. Inorganic fibers having such a composition
are called alumina fibers or  mullite fibers. These inorganic fibers have
high heat resistance and, hence, can give  disks having a low degree of
thermal dimensional change. In particular, mullite fibers  in which
A12O3:SiO2 is from 70:30 to 75:25 have an excellent balance among heat 10
resistance, fiber strength, and cost and are hence apt to retain a large
fiber length even  after a molding step and a roll building step.
Consequently, these mullite fibers are  suitable for use in the invention.
The slurry may contain an inorganic filler in addition to the inorganic
fibers,  as in conventional slurries. According to need, the slurry may
contain an inorganic 15 binder. Suitable examples of the inorganic filler
include inorganic fillers heretofore in  use, such as mica, Kibushi clay,
bentonite, alumina, cordierite, kaolin clay, and talc.  Suitable inorganic
binders are silica sol and alumina sol because of their excellent heat
resistance. Besides these ingredients, molding aids may be added, such as an
organic  binder, e.g., starch, organic fibers, e.g., a pulp, and an
anticoagulant, e.g., a 20 montmorillonite powder. The remainder is water. The
composition of the slurry is not limited. In the case where the  inorganic
filler nad the inorganic binder are added to the slurry, the solid
composition of  the slurry may be one comprising 30-70% by mass of the
inorganic fibers, 30-70% by  mass of the inorganic filler, and 0-10% by mass
of the inorganic binder. The solid 25 composition thereof more preferably
comprises 30-60% by mass of the inorganic fibers,  7 



40-70% by mass of the inorganic filler, and 0-10% by mass of the inorganic
binder, and  even more preferably comprises 30-50% by mass of the inorganic
fibers, 50-70% by  mass of the inorganic filler, and 0-10% by mass of the
inorganic binder. In case where  the proportion of the inorganic fibers is
smaller than 30% by mass, the resiliency 5 attributable to the inorganic
fibers is not obtained and there is a fear that the expected  recovery ratio
which will be described later cannot be obtained after roll building. In
case where the proportion of the inorganic fibers is larger than 70% by mass,
it is  difficult to evenly disperse the inorganic fibers in the slurry and
there is a fear that the  disk base material obtained may have enhanced
unevenness of properties or poor 10 wearing resistance. With regard to the
molding method, a papermaking method or a dehydrating  molding method in
which the slurry is supplied to one side of a molding die, e.g., a  metal
gauze, while conducting suction from the other side, may be mentioned.
However, in the case where such a slurry containing the relatively long bulk
short fibers 15 described above is molded into a platy shape, large flocs are
apt to generate as a result  of the coagulation of solid matters contained in
the slurry and the filtration resistance is  apt to be lowered. The
dehydrating molding method is hence advantageous.  However, in the case where
the amount of the inorganic fibers is small (e.g., 20% by  mass or smaller),
a papermaking method is also possible. The papermaking method is 20
advantageous from the standpoint of cost. After the molding, the resultant
platy object is dried to obtain a base  material for disks. The density of
this base material for disks is not particularly limited  so long as the
effects of the invention are obtained. However, the density thereof may  be
0.3-1.0 g/cm3, and is more preferably 0.4-0.8 g/cm3, especially preferably
0.45-0.7  25 g/cm3. This is because the lower the bulk density of the disks
relative to the 



8 compressed density of the disk roll to be produced, the higher the
compressibility and  the better the recovery force of the disk roll. The
adequate thickness of the base  material for disks may be 2-10 mm in the case
of the papermaking method, and maybe  10-35 mm in the case of the dehydrating
molding method. Larger thicknesses of the 5 base material for disks are
advantageous from the standpoint of production because a  smaller number of
disks suffice for fitting on a shaft. Disk - The invention further provides a
disk obtained by punching a ring shape out  of the base material for disks
described above. Namely, the disk of the invention 10 comprises inorganic
fibers which are amorphous or have a degree of crystallinity of  50% or lower
and which have an average fiber diameter of preferably 3-7 m, more
preferably 4-7 m, and an inorganic filler. The disk may contain an inorganic
binder  according to need. This constitution enables the disk to retain a
high recovery ratio  and have improved spalling resistance. Specifically, the
recovery ratio of the disk is 15 10-100%, preferably 10-90%, more preferably
10-80%, even more preferably 20-70%,  especially 20-60%, most preferably
20-50%. In the invention, the recovery ratio of  disks is determined in the
following manner. Disks having an outer diameter of 130  mm and an inner
diameter of 65 mm are fitted onto a stainless-steel shaft having a  diameter
of 65 mm and a length of 1,000 mm at a compressed density of 1.25 g/cm3 to 20
build a disk roll. This disk roll is rotated at a rotation speed of 5 rpm for
150 hours  with heating at 900C, and then cooled to room temperature, i.e.,
25C. Thereafter, the  compressive force applied to the disks is removed. The
recovery ratio is determined  by dividing the length recovered upon the
compressive-force removal by the original  length. 



25 9 Disk Roll The invention furthermore provides a disk roll obtained by
fitting disks of  the kind described above, by insertion, onto a metallic
shaft serving as a rotating shaft to  obtain a roll-form stack and fixing the
whole stack in the state of being compressed 5 from both ends, as shown in
Fig. 1. The compressed density of the disks, i.e., the  density of the disks
in the state of being compressed from both sides, is not particularly
limited so long as the effects of the invention are obtained. However, the
compressed  density thereof may be 0.6-1.6 g/cm3, and is more preferably
0.7-1.5 g/cm3, especially  preferably 1.1-1.4 g/cm3. Such compressed density
is preferred because this disk roll 10 not only has satisfactory spalling
resistance and can retain the wearing resistance  required of conveying rolls
but also has such a surface hardness that the work being  conveyed is not
marred. That compressed density enables the properties the base  material
obtained according to the invention to be brought out to the highest degree.
The surface hardness of the disk roll of the invention is not particularly
15 limited so long as the effects of the invention are obtained. However, the
surface  hardness thereof may be 25-65 in terms of Type D Durometer hardness,
and may be  preferably 30-60, more preferably 35-55. Type D Durometer
hardness (hardness meter  Durometer Type D) may be measured, for example,
with "ASKER Type D Rubber  Hardness Meter" (manufactured by Kobunshi Keiki
Co., Ltd.). 20 EXAMPLES  The invention will be further explained below by
reference to Test  Examples. However, the invention should not be construed
as being limited by the  



following Test Examples in any way. 25 10 Test 1 Aluminosilicate fibers or
mullite fibers were added to water together with  inorganic fillers and
molding aids as shown in Table 1, and the ingredients were  sufficiently
stirred and mixed to prepare a slurry. The wet volumes of the 5
aluminosilicate fibers and mullite fibers were determined by the method
described  above. The degree of crystallinity thereof was determined by X-ray
diffractometry, in  which the internal standard method was used to draw a
calibration curve for mullite. Each of the slurries thus prepared was formed
into a platy shape by the  dehydrating molding method or the papermaking
method and dried to produce a base 10 material for disks. The base material
was evaluated for the following properties. The  results obtained were also
shown in Table 1. (1) Degree of Thermal Dimensional Change A test piece was
punched out of each base material for disks. The test  piece was heated at
700C or 900C and then examined for diameter. The degree of  15 thermal change
in the length-direction (diameter-direction) dimension from a value measured
before the heating was determined.  (2) Recovery ratio Disks having an outer
diameter of 130 mm and an inner diameter of 65 mm  were punched out of each
base material for disks, and fitted onto a stainless-steel shaft  20 having a
diameter of 65 mm and a length of 1,000 mm to build a roll so as to result in
a compressed density of 1.25 g/cm3. This roll was rotated at 900C and a
rotation speed  of 5 rpm for 150 hours and then cooled to room temperature,
i.e., 25C. Thereafter,  



the compressive force applied to the disks was removed. The recovery ratio
(%) was  determined by dividing the length recovered upon the
compressive-force removal by the  25 original length. 11 (3) Wearing
Resistance (hot wearing test) Ring-shaped disks having an outer diameter of
80 min were punched out of  each base material for disks and fitted onto a
stainless-steel shaft to build a roll so as to  result in a width of 100 mm
and a desired compressed density. This roll was rotated at 5 900C for 5 hours
while a stainless-steel shaft having a diameter of 30 mm and having  five
grooves with a width of 2 mm formed at an interval of 2 mm was kept in
contact  with the roll surface. Thereafter, the roll was cooled to room
temperature, i.e., 25C,  and the resultant wear loss (mm) was measured.
Incidentally, in case where the  resultant wear loss is 8 mm or less, this
roll can be rated as excellent in practical wear  10 resistance. (4) Spalling
Resistance Ring-shaped disks having an outer diameter of 60 mm were punched
out of  each base material for disks and fitted onto a stainless-steel shaft
to build a roll so as to  result in a width of 100 mm and a desired
compressed density. This roll was placed in 15 an electric furnace kept at
900C. After 15 hours, the roll was taken out of the furnace  and rapidly
cooled to room temperature, i.e., 25C. This heating/rapid-cooling  operation
was repeated, and the number of such operations required for the roll to
undergo disk separation or cracking was counted. In the case where a roll
undergoes  neither disk separation nor cracking even through three or more
repetitions of such 20 heating/rapid-cooling operation, this roll can be
rated as excellent in practical spalling  resistance. 
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~ Q  - y I The following can be seen from Table 1. In Examples 1 to 4, in
which  mullite fibers having a wet volume of 300 mL/5 g or larger and a
degree of crystallinity  of 50% or lower are used, disks having a low degree
of thermal dimensional change and  excellent in wearing resistance and
spalling resistance are obtained. 5 Test 2 As shown in Table 2, slurries were
prepared using, in various amounts,  amorphous mullite fibers having a wet
volume of 530 mL/5 g. The disks obtained  therefrom were evaluated for the
same properties as in Test 1. The results obtained are  also shown in Table
2. 14 mm 
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from Table 2 that when the amount of the mullite fibers  incorporated is
30-60% by mass, preferably 30-50% by mass, the disks are excellent in
recovery ratio, wearing resistance, and spalling resistance. Test 3 5 Disks
were produced using the same formulation as in Example 2 in Test 1.  



Disk rolls having different compressed densities as shown in Table 3 were
produced  and evaluated for the same properties as in Test 1. The results
obtained are also shown  in Table 3. 16 U y  '000 a E W N - N E  x   w '^ U N
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~ W  H It can be seen from Table 3 that the compressed densities of the disks
are  preferably 0.7-1.5 g/cm3, more preferably 1.1-1.4 g/cm3. The invention
was detailed with reference specified embodiments.  However, it is obvious to
a person skilled in the art that the invention may be variously  5 modified
and corrected without deviating from the spirit of the invention. This
application is based on Japanese Patent Application No. 2008-285282  filed on
November 6, 2008 and an entirety thereof is incorporated herein by reference.
Furthermore, all references cited here are incorporated by reference. 18 WHAT
IS CLAIMED IS: 1. A process for producing a base material for obtaining
therefrom ring- shaped disks for use in a disk roll comprising a rotating
shaft and the ring-shaped disks  fitted thereon by insertion, whereby the
peripheral surface of the disks serves as a  conveying surface, the process
comprising molding a raw slurry material into a platy shape and  drying the
plate, the raw slurry material containing inorganic fibers which have a wet
volume of 300 mL/5 g or larger and which are amorphous or have a degree of
crystallinity of 50% or lower. 2. The process for producing a base material
for disks according to claim 1,  wherein the inorganic fibers have an average
fiber diameter of 3-7 pm. 3. The process for producing a base material for
disks according to claim 1  or 2, wherein the inorganic fibers have a
composition in which A12O3:SiO2 is from  60:40 to 99:1. 



4. A disk for use in a disk roll comprising a rotating shaft and ring-shaped
disks fitted thereon by insertion, whereby the peripheral surface of the
ring-shaped disks  serves as a conveying surface, the disk being each of the
ring-shaped disks, the disk containing inorganic fibers which are amorphous
or have a degree  of crystallinity of 50% or lower and which have an average
fiber diameter of 3-7 m,  and having a recovery ratio of 10-100%. 19 5. A
disk roll which comprises a rotating shaft and disks fitted thereon by
insertion, the disks each being the disk according to claim 4. 6. The disk
roll according to claim 5, wherein the disks have a compressed  density of
0.6-1.6 g/cm3. 20 


