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Description
Background of the Invention and Related Art Statement

[0001] The present invention relates to a method for evaluating kneaded clay used for manufacturing a ceramic
structure used for a filter, a catalyst carrier, an electric transmission insulator, a refractory, or the like and to a method
for manufacturing kneaded clay.

[0002] Ceramics, which are inorganic materials, have excellent physical, chemical, and electrical characteristics which
metals and organic materials do not have. Further, ceramics have an advantage that any shape can be obtained from
the raw material, and an example representing this is a honeycomb structure constituted of thin walls of some microns.
[0003] Generally, a ceramic structure is manufactured through a step of preparing kneaded clay from a mixed raw
material containing a ceramic raw material, an organic binder, and/or an inorganic binder, a step of manufacturing a
formed body by forming the kneaded clay into a desired shape, a step of drying the formed body, and the step of firing
a formed article to obtain a fired article in this order.

[0004] The kneaded clay is prepared by mixing and kneading contained materials such as a ceramic raw material, a
binder, and a solvent. The nature of the kneaded clay significantly influences on the characteristics of the ceramic
structure. For example, when the kneaded clay is prepared with contained materials such as a ceramic raw material, a
binder, and a solvent being insufficiently kneaded, there is caused variance in a strength characteristic and an elastic
characteristic of a formed article obtained from the kneaded clay. Therefore, in the preparation of the kneaded clay, it
is desirable that the degree of kneading of the contained materials is grasped by an objective index.

[0005] The characteristics regarding the transformability, shape-retentivity, and flowability of kneaded clay, that is, so-
called rheological properties of kneaded clay significantly influence on the shape-retentivity of the formed article man-
ufactured with the kneaded clay. For example, in the case that a ceramic formed article is manufactured by subjecting
kneaded clay to extrusion forming, when flowability of the kneaded clay is poor, the kneaded clay is pressure-bonded
to the die for extrusion to generate a cut or a fine on a surface of the resultant formedarticle. On the other hand, when
the flowability of the kneaded clay is good, the formed article manufactured by extrusion forming may easily be deformed.
[0006] Thus, though the nature of kneaded clay is important, in an actual production site, the evaluation on the nature
of kneaded clay depends on operator’s proficient senses of vision, touch, and the like. However, by the evaluation of
the nature of kneaded clay due to operator’s senses, it is difficult to stably manufacture kneaded clay having high quality.
In addition, the acquisition of the skill to recognize good nature of kneaded clay by senses of vision, touch, and the like
needs persistent trial and error and training. Even if the skill is acquired through a great deal of effort, it is difficult to
hand the skill on to another operator. Therefore, the nature of kneaded clay, which has been recognized as good by an
operator's senses, has been tried to grasp by an objective index by a scientific measurement means.

[0007] JP-A-9-33420 discloses a method for evaluating a kneaded state of an inorganic powder represented by a
ceramic powder and an organic binder by observation with a transmission electron microscope. In this method, by
observing the thickness of an organic binder membrane on the surface of the inorganic powder formed by kneading,
the degree of kneading of the inorganic powder and an organic binder is evaluated.

[0008] JP-A-2000-302525 discloses a method for manufacturing kneaded clay, showing a method for evaluating
rheological properties of kneaded clay by an elasticity test and a capillary rheometer test. From the evaluation, it has
been found that rheological properties of kneaded clay is significantly influenced by the addition proportion of a binder,
a surfactant, and water added to a ceramic raw material.

[0009] Nuclear magnetic resonance (NMR) is an indispensable tool for determining a structure of an organic compound
as introduced in the "Organic Chemistry" (Volume One), Fourth edition, by K.Peter C. Vollhardt, Neil E. Schore, Chemical
Coterie, Chapter 10: Structure Determination by NMR Spectroscopy, Pages 419 to 478, since the state of molecules
can be observed based on the energy absorption/ejection phenomenon of nuclear spin. In addition, NMR is used as a
tool for grasping the nature of a material containing an organic compound as the main component. For example, JP-A-
2001-106728 discloses that a water-absorbing resin excellent in water absorbability can be obtained by specifying the
degree of cross-linkage of a resin by the T2 relaxation time of TH-NMR. Further, Japanese Patent No. 4108648 discloses
a method for manufacturing a carbon fiber composite material by the use of the T2 relaxation time of TH-NMR in order
to grasp the state of dispersion of resin in a mixed material. In this method, there is specified a uniform dispersion state
of a carbon fiber composite material containing a thermosetting resin, carbon nanofibers, and particles for dispersion.
[0010] Inthe medical diagnosis field, a magnetic resonance imaging method (MRI) where the principle of the NMR is
applied has already been used. The MRI uses that the state of water molecules occupying most of a human body is
reflected on the proton relaxation time. It is expected that NMR will take one step further from the medical diagnosis
field to the production field, in particular, to quality control in a factory or the like.

[0011] As a matter of course, the state of clay cannot be grasped accurately even by a method disclosed in JP-A-
9-33420 or a method disclosed in JP-A-2000-302525. This is because the senses such as vision and touch of a proficient
operatorcomprehensively catch very complex and miscellaneous factors. In orderto grasp the state of clay, itis necessary
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to decompose the complex and miscellaneous factors, investigate decomposed individual factors based on multilateral
indexes, and further investigate the integration of the evaluation data regarding the individual factors. Therefore, still
desired are search of unknown factors required for grasping the state of kneaded clay and an evaluation method therefor.
[0012] Asin JP-A-2001-106728 and Japanese Patent No. 4108648, NMR is a powerful tool in analysis of an organic
compound and is widely applied to production of a chemical product containing an organic compound such as resins
as the main component. However, there is a barrier against expansion of application to another technical field. For
example, it is known that, in accordance with progress of kneading, the binder is sheared to lower the molecular amount
and to cause a change in a degree of adhesion of water to the ceramic raw material. Therefore, even if NMR is applied
to evaluation of a degree of kneading, enormous knowledge and an operator’s proficient skills described above are
necessary for selection of a phenomenon measured by NMR and construal of the measurement results.

Summary of the Invention

[0013] Inview of the aforementioned problems, the present invention aims to provide a method for evaluating kneaded
clay to evaluate the nature of the kneaded clay by an objective index, and the method for manufacturing kneaded clay
enables to manufacture kneaded clay while checking the kneaded state of the kneaded clay by an objective index.
[0014] In order to solve the aforementionedproblems, the present inventors keenly investigated knowledge regarding
ceramic technology, which took a long while to cultivate, again from the scientific viewpoint and found out that kneaded
state of the kneaded clay can be evaluated by NMR, which led to the completion of the present invention. That is,
according to the present invention, there is provided the following method for evaluating kneaded clay and method for
manufacturing kneaded clay.

[0015] [1] A method of evaluating kneaded clay which comprises: preparing kneaded clay by mixing and kneading at
least ceramic raw material and water as contained materials, measuring T1 relaxation time and/or T2 relaxation time of
proton contained in the contained materials by NMR method, and evaluating a kneaded state of the kneaded clay.
[0016] [2] A method for evaluating kneaded clay according to [1], wherein a signal for measuring the T1 relaxation
time and/or the T2 relaxation time of the proton contained in the contained materials has the signal sent from the proton
of the water as the main component.

[0017] [3] A method for evaluating kneaded clay according to [1] or [2], wherein the kneaded clay is for subjecting,
after the kneading, to a forming step, a drying step, and a firing step.

[0018] [4] Amethodforevaluating kneaded clay accordingto [3], wherein the kneaded clay has a cordietite composition
or an alumina composition after the firing step.

[0019] [5] A method for manufacturing kneaded clay which comprises: using a method for evaluating kneaded clay
according to any one of [1] to [4], and kneading the kneaded clay while checking the kneaded state of the kneaded clay
by the T1 relaxation time and/or the T2 relaxation time of the proton contained in the contained materials.

[0020] [6] A method for manufacturing kneaded clay according to [5], wherein the kneaded clay is kneaded until the
T1 relaxation time, measured at magnetostatic field strength of 0.3 to 9.4T, of the proton contained in the contained
materials becomes 80% or less of the initial value before kneading.

[0021] Inamethod for evaluating kneaded clay of the present invention, the state of contained materials, for example,
the state of water molecules in the kneaded clay is scientifically observed to evaluate the nature of the kneaded clay by
an objective index. In a method for manufacturing kneaded clay of the present invention, kneaded clay can be manu-
factured while checking the kneaded state of the kneaded clay by an objective index.

Brief Description of the Drawings

[0022] Fig. 1 is a view schematically showing a kneaded state of ceramic raw material particles and water right after
the kneading is started.

[0023] Fig. 2 is a view schematically showing a kneaded state of ceramic raw material particles and water during
kneading, which follows Fig. 1.

[0024] Fig. 3 is a view schematically showing a kneaded state of ceramic raw material particles and water after
kneading, which follows Fig. 2.

[0025] Fig. 4 is a line plot showing the transition of the T1 relaxation time of the proton contained in the contained
materials in the kneaded clay of Example 1.

[0026] Fig. 5 is a line plot showing the transition of the T2 relaxation time of the proton contained in the contained
materials in the kneaded clay of Example 1.

[0027] Fig. 6is aline plot showing the transition of the molecular weight of the organic binder contained in the kneaded
clay of Example 1.

[0028] Fig. 7 is a line plot showing the relation between the kneading time and the extrusion resistance upon extrusion
of the kneaded clay of Example 1.
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[0029] Fig. 8 is a line plot showing the relation between water content and the T1 relaxation time of the proton in the
kneaded clay prepared in Examples 2 to 5.

[0030] Fig. 9is a line plot showing the relation between water content and the T2 relaxation time of the proton in the
kneaded clay prepared in Examples 2 to 5.

[0031] Fig. 10 is a line plot showing the transition of the T1 relaxation time of the proton contained in the contained
materials in the kneaded clay of Examples 6 to 8.

[0032] Fig. 11 is a line plot showing the transition of the T2 relaxation time of the proton contained in the contained
materials in the kneaded clay of Examples 6 to 8.

Reference Numerals
[0033] 1: Ceramic raw material particle, 2: Water
Detailed Description of the Invention

[0034] Hereinbelow, an embodiment of the present invention will be described with referring to drawings. The present
invention is by no means limited to the following embodiment, and changes, modifications, improvements can be made
as long as they do not deviate from the scope of the present invention.

1. Method for evaluating kneaded clay:
1-1. Summary of a method for evaluating kneaded clay of the present invention:

[0035] In a method for evaluating kneaded clay of the present invention, the nature of kneaded clay is evaluated on
the basis of the proton relaxation time measured by the NMR method, for example, an objective index obtained from a
proton relaxation time measurement method using a NMR device. Though the method is called NMR method in the
present specification, it may be called a nuclear magnetic resonance method, MR method, or MR (I) method. Also,
regarding the relaxation time indication, the T1 relaxation time may be indicated as a longitudinal relaxation time, and
the T2 relaxation time may be indicated as a transverse relaxation time. In addition, by integrating the T1 relaxation time
orthe T2 relaxation time for each site in a two-dimensional plane of a cross section to express the difference in relaxation
time by the contrast, distribution in the plane (imaging) can be obtained.

[0036] Inthefirstplace, "kneaded clay” here is prepared by mixing contained materials such as a ceramic raw material,
a binder, and solvent and kneading them. The kneaded clay may be expressed as clay. The kneaded clay is preferably
kneaded clay with which a ceramic structure can be manufactured by forming the clay into a predetermined shape,
followed by drying and firing. Examples of such kneaded clay include kneaded clay whose material composition after
firing becomes a cordierite composition or an alumina composition. Incidentally, in the present specification, even in the
case that the appearance of kneaded clay is not in a clay-like state, the mixture of contained materials such as a ceramic
rawmaterial, a binder, and a solvent is called as kneaded clay.

[0037] Inamethod for evaluating kneaded clay of the present invention, a relaxation time measurement method using
a NMR device is used to measure the T1 relaxation time and/or the T2 relaxation time of the proton contained in the
contained materials in the kneaded clay.

1-2. Relation between the kneaded state of kneaded clay and the relaxation time of the proton contained in the contained
materials in the kneaded clay:

[0038] The T1 relaxationtime and the T2 relaxation time of the proton contained in the contained materials in kneaded
clay reflect the state of the contained materials in the kneaded clay at a micro level or molecular level. In a method for
evaluating kneaded clay of the present invention, the state at a molecule level of the contained materials where kneading
of the kneaded clay changes in accordance with the progress of kneading is distinguished by means of change in the
T1 relaxation time and the T2 relaxation time of the proton contained in the contained materials in the kneaded clay.

1-3. The case that a signal for measuring the relaxation time has the signal sent from the proton contained in water as
the main component:

[0039] In amethod for evaluating kneaded clay of the present invention, the kneaded clay to be evaluated is suitably
kneaded clay where a signal for measuring the T1 relaxation time and/or the T2 relaxation time of the proton contained
in the contained materials in the kneaded clay has the signal sent from the proton of the water as the main component.
This is because the dynamics of the T1 relaxation time and the T2 relaxation time of the proton contained in the contained



20

25

30

35

40

45

50

55

EP 2 228 639 A1

materials in the kneaded clay can be considered to be almost the same as that of the T1 relaxation time and/or the T2
relaxation time of the proton contained in the water in the kneaded clay. Generally, in the state that water molecules
adhere to the surface of the materials, the T1 relaxation time and the T2 relaxation time of the proton contained in the
water become short. In contrast, in the state that water molecules can move freely as a mass of liquid water, the T1
relaxation time and the T2 relaxation time of the proton contained in the water become long. The phrase "a signal for
measuring the T1 relaxation time and/or the T2 relaxation time of the proton has the signal sent from the water as the
main component” means that the material having the highest inner addition rate (mass%) among the materials having
a proton in the contained materials in kneaded clay is water.

[0040] Fig. 1 shows a state of kneaded clay right after the kneading is started, in particular, a state where ceramic
raw material particles 1 and water 2 are mixed together. Right after the start of kneading, water is present in a state of
a liquid mass at a high proportion. At this time, most of the water molecules can move freely, and the T1 relaxation time
and the T2 relaxation time of the proton contained in water in the kneaded clay are long.

[0041] Fig. 2 is a view schematically showing a kneaded state of ceramic raw material particles and water during
kneading. The water 2 starts covering the surface of the ceramic raw material particles 1. Therefore, the amount of the
water 2 adhering to the surface of the ceramic raw material particles 1 increases relatively, and the mass of water capable
of moving freely decreases relatively. In accordance with the change in the state of the water molecules, the T1 relaxation
time and the T2 relaxation time of the proton contained in the water in the kneaded clay are shortened in comparison
with the time right after the start of kneading.

[0042] Fig. 3 schematically shows a state of kneaded clay which was sufficiently kneaded. The water 2 covers the
surfaces of the ceramic raw material particles 1 in a membrane state. At this time, since most of the water molecules
adheres to the surfaces of the ceramic raw material particles 1, the T1 relaxation time and the T2 relaxation time of the
proton contained in the water in the kneaded clay become shorter. That is, a method for evaluating kneaded clay of the
present invention utilizes the phenomenonthatthe T1 relaxation time and/orthe T2 relaxation time of the proton contained
in water in the kneaded clay becomes short in accordance with the dispersion of water in kneaded clay with the kneaded
clay being sufficiently kneaded in the case that a signal for measuring the T1 relaxation time and/or the T2 relaxation
time of the proton contained in the contained materials in the kneaded clay has the signal sent from the proton of the
water as the main component.

[0043] Next, a description will be given regarding the case of measuring kneaded clay where a signal for measuring
the T1 relaxation time and/or the T2 relaxation time of the proton contained in the contained materials has the signal
sent from the proton of the water as the main component. In particular, a detailed description will be given regarding the
relation between the T1 relaxation time and/or the T2 relaxation time of the proton contained in the contained materials
in kneaded clay and water content or an organic binder.

1-3-1. Relation between water content in kneaded clay and relaxation time of the proton contained in the contained
materials in kneaded clay:

[0044] When the water content in kneaded clay is high, a signal for measuring the T1 relaxation time and/or the T2
relaxation time of the proton contained in the contained materials in the kneaded clay is more likely to have the signal
sent from the proton of the water as the main component, and the transition of the T1 relaxation time and the T2 relaxation
time of the proton contained in the contained materials in the kneaded clay furthermore reflects the transition of the T1
relaxation time and the T2 relaxation time of the proton contained in the water in the kneaded clay.

[0045] A description will be given with referring to Fig. 3. In the case that the water content in kneaded clay is high,
when the kneaded clay is sufficiently kneaded, the water 2 covers the surfaces of the ceramic raw material particles 1
in a thick membrane form. In this thick membrane-like water 2, some water molecules adhere to the surfaces of the
ceramic raw material particles 1, and the other water molecules can move freely. When the water content in the kneaded
clay is high, since the membrane of the water 2 on the surfaces of the ceramic raw material particles 1 becomes thick
to increase the proportion of the water molecules capable of moving freely, the T1 relaxation time and the T2 relaxation
time of the proton contained in the contained materials in the kneaded clay after kneading become longer than in the
case that the water content in the kneaded clay is low.

[0046] It should be noted that, in a method for evaluating kneaded clay of the present invention, even in the case that
the water content in the kneaded clay is high, as the ceramic raw material particles and water are being kneaded, the
water is dispersed in the kneaded clay, and the T1 relaxation time and the T2 relaxation time of the proton contained in
the contained materials in the kneaded clay are getting shorter.

1-3-2. Relation between proportions of organic binder and surfactant in kneaded clay and relaxation time of proton
contained in contained materials:

[0047] The T1 relaxation time and the T2 relaxation time of the proton contained in the contained materials in the
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kneaded clay are influenced also by a signal from proton contained in an organic binder and a surfactant in the kneaded
clay. Therefore, the T1 relaxation time and the T2 relaxation time of the proton contained in the contained materials in
the kneaded clay have different values when the amounts and kinds of the organic binder and surfactant in the kneaded
clay are different. In addition, actually, when the amounts and kinds of the organic binder and surfactant in the kneaded
clay are different, the state of kneading is different. However, in kneaded clay where a signal for measuring the T1
relaxation time and/or the T2 relaxation time of the proton has the signal sent from the proton of the water as the main
component, it can be considered that the transition of the T1 relaxation time and/or the T2 relaxation time of the proton
contained in the contained materials reflects the change in the state of the water molecules in the kneaded clay almost
precisely. In such kneaded clay, regardless of the amounts and kinds of the organic binder and surfactant, as the water
is dispersed in accordance with the progress of the kneading of the kneaded clay, the T1 relaxation time and the T2
relaxation time of the proton contained in the contained materials are getting shorter.

2. Method for manufacturing kneaded clay: 2-1. Summary of method for manufacturing kneaded clay of the present
invention:

[0048] Inamethod formanufacturing kneaded clay of the present invention, the aforementioned method for evaluating
kneaded clay is used. That is, in a method for manufacturing kneaded clay of the present invention, the kneaded clay
is kneaded while checking the kneaded state of the kneaded clay by the T1 relaxation time and/or the T2 relaxation time
of the proton contained in the contained materials in the kneaded clay.

[0049] Asdescribedabove,the T1 relaxationtime and/orthe T2 relaxation time of the proton contained in the contained
materials in the kneaded clay in a good kneaded state depends on the water content and the kinds and the amounts of
the organic binder and the surfactant. Here, regarding "kneaded while checking the kneaded state of the kneaded clay",
the specific embodiment differs depending on the case that the composition of the kneaded clay is known or not known.
For example, in the case that kneaded clay having the same composition is already subjected to an evaluation test and
thatthe T1 relaxation time and/or the T2 relaxation time of the proton contained in the contained materials in the kneaded
clay in a kneaded state suitable for forming is grasped, only observation that the time reaches the relaxation time required
is necessary. On the other hand, in the case that the T1 relaxation time and/or the T2 relaxation time of the proton
contained in the contained materials in the kneaded clay in a kneaded state suitable for forming has not yet been grasped,
the transition of the T1 relaxation time and/or the T2 relaxation time of the proton may be observed to continue kneading
untilthe T1 relaxation time and/orthe T2 relaxation time becomes sufficiently short to have a value where the T1 relaxation
time and/or the T2 relaxation time becomes stable in the forming step.

[0050] Incidentally, the sample measured by the NMR method may appropriately be collected from the material before
kneading, during kneading, and after kneading, and from a formed article (kneaded clay) formed into a desired shape
before firing. There is no particular limitation on a method for kneading the kneaded material as long as the sample can
be measured by the NMR method.

[0051] In particular, in @ method for manufacturing kneaded clay of the present invention, it is preferable to knead the
kneaded clay until the T1 relaxation time of the proton contained in the contained materials measured at a magnetostatic
field strength of 0.3 to 9 .4T becomes 80% or less of the T1 relaxation time, i.e., initialvaluebeforekneading. "Before-
kneading"means the state where all the contained materials to be contained in the kneaded clay are mixed together.
The step where all the contained materials are mixed together is called also a blending step, a mixing step, or a mixer
step. From the kneaded clay obtained by this manufacturing method, a honeycomb structure constituted of thin walls
without a cut or a fine can be manufactured by extrusion forming

Example

[0052] Hereinbelow, the present invention will be described in more detail on the basis of Examples. However, the
present invention is by no means limited to these Examples.

3-1. Materials and measuring instrument:
3-1-1. Preparation of kneaded clay:

(1) Preparation of mixed raw material:
(Examples 1 to 5)

[0053] In Examples 1to 5, the contained materials were a ceramic raw material, methyl cellulose used as the organic
binder, potassium laurate used as the surfactant, and water. These contained materials were mixed to prepare a mixed
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raw material (Table 1). With respect to 100 parts by mass of the ceramic raw material were mixed 6 parts by mass of
methyl cellulose as the organic binder, 1 part by mass of potassium laurate, and 29.5 to 35.0 parts by mass of water to
prepare the mixed raw material. Incidentally, as a ceramic raw material of each of Examples 1 to 5, there was used a
cordierite-forming raw material containing 42 mass% of talc, 43 mass% of kaolin, 14 mass% of at least one kind selected
from alumina and aluminum hydroxide, and 1 mass% of silica.

[0054]
Table 1
Composition of ceramic raw Organic binde|: Surfactant . Water ) Test
material (parts by mass)™ | (parts by mass)™? | (parts by mass)™1
Example 1 Cordierite composition 6.0 2.0 32.0 Test 1
Example 2 Cordierite composition 6.0 2.0 29.5
Example 3 Cordierite composition 6.0 2.0 315
Test2
Example 4 Cordierite composition 6.0 2.0 34.0
Example 5 Cordierite composition 6.0 2.0 35.0
Example 6 Alumina 6.0 2.0 14.0
Example 7 Alumina 3.0 2.0 14.0 Test3
Example 8 Alumina 6.0 4.0 14.0
*1: Value with respect to 100 parts by mass of ceramic raw material

(Examples 6 to 8)

[0055] In each of Examples 6 to 8, with respect to 100 parts by mass of alumina used as the ceramic raw material, 3
to 6 parts by mass of methyl cellulose as an organic binder, 2 to 4 parts by mass of potassium laurate as the surfactant,
and 14 parts by mass of water were mixed to prepare a mixed raw material.

(2) Preparation of kneaded clay:

[0056] The kneaded clay was prepared by subjecting 1.0 kg of the mixed raw material to kneading for 50 minutes by
the use of a pressure kneader (trade name of TD1-3M Type Pressure Kneader produced by Toshin Co., Ltd.). Incidentally,
the sample of the kneaded clay used for measurement by the NMR device was collected by 50g from the time before
kneading and every 10 minutes from the start of kneading. Therefore, collection of the kneaded clay was performed
before kneading and 10 minutes, 20 minutes, 30 minutes, and 40 minutes after the start of kneading, and 50 minutes
after the start of kneading (right after the completion of kneading). These kneaded clay samples were vacuum sealed
under a condition of removing air with a resin film in order to avoid drying and degeneration and stored until the meas-
urement by the NMR measurement device.

(8) Measurement of water content:

[0057] Regarding the aforementioned kneaded clay samples, the water content was obtained by heating the samples
right after the collection at 120°C to measure the dry mass and dividing the mass of each of the samples before heating
by the dry mass. In addition, the water content of each of the kneaded clay samples was shown by percentage of water
content with respect to the mass of each of the samples before heating.

3-1-2. NMR measurement device:

[0058] Asthe NMR measurement device, there were used CompacTscan having a magnetostatic field intensity of
0.3T produced by Magnetic Resonance Technology, LTD., and AVANCE having a magnetostatic field intensity of 9.4T
produced by BRUKER CORPORATION.

3-1-3. Measurement of binder molecular weight:

[0059] For measurement of the binder molecular weight, GPC produced by TOSOH CORPORATION.
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3-1-4. Extrusion forming and measurement of extrusion resistance:

[0060] Regardingthe capillary rheometertestfor extrusion resistance, aformed article obtained by preliminarily forming
the kneaded clay into a cylindrical shape having a diameter of 25 mm and a height of 55mm was inserted into a cylinder
having a diameter of 25 mm, and then pressure was applied to the formed article to pass the formed article through a
capillary having a diameter of 1.0 mm, a height of 20 mm, and a last edge of 0.1 mm in width times 2 mm provided at
the bottom of the cylinder, thereby measuring the resistance value.

3-2. Evaluation test regarding kneaded state, state of water molecule, state of organic binder, and extrusion forming:
(Test 1):
3-2-1. Kneaded state:

[0061] It was found by eye observation that the kneaded clay changes from a powdery form to a clayey form from 10
minutes to 20 minutes after the start of kneading.

3-2-2. Observation on kneaded state due to T1 relaxation time and T2 relaxation time of proton:

[0062] The kneaded clay samples collected before kneading, 10 minutes, 20 minutes, 30 minutes, and 40 minutes
after the start of kneading, and 50 minutes after the start of kneading (right after the completion of kneading) in the step
of (2) of Example 1 were measured for the T1 relaxation time and the T2 relaxation time of the proton contained in the
contained materials in the kneaded clay. The magnetostatic field intensity was 0.3T.

[0063] Table 2 shows measurement results of the T1 relaxation time and the T2 relaxation time of the proton contained
in the contained materials in the kneaded clay of Example 1 before kneading, at time points at intervals of 10 minutes
during kneading, and after kneading. Fig. 4 shows the transition of the T1 relaxation time of the proton contained in the
contained materials in the kneaded clay of Example 1 by a line plot, and Fig. 5 shows the transition of the T2 relaxation
time of the proton contained in the contained materials in the kneaded clay of Example 1 by a line plot.

[0064]

Table 2

(Test 1)
Kneadingtime (min.) 0 10 20 30 40 50

T1 relaxation time

54 | 445 | 39 37 [ 36.1 | 344
(m sec.)

T2 relaxation time

1.7 | 7.9 7 6.7 | 6.6 6.1
(msec.)

Example 1/ magnetostatic field intensity of 0.3T

[0065] Withthe passage of the kneading time, the T1 relaxation time and the T2 relaxation time of the proton contained
in the contained materials in the kneaded clay were shortened. In particular, the line plots of Figs. 4 and 5 showed the
tendency of gradual decrease of the T1 relaxation time and the T2 relaxation time from 10 minutes to 20 minutes after
the start of kneading, that is, the tendency of getting nearly horizontally. The change in the degree of decrease of the
T1 relaxation time and the T2 relaxation time corresponded with the change of kneaded clay from a powdery form to a
clayey form, which can be observed visually from 10 minutes to 20 minutes after the start of kneading.

3-2-3. State of organic binder:

[0066] The kneaded clay before kneading, 10 minutes, 20 minutes, 30 minutes, and 40 minutes after the start of
kneading, and 50 minutes after the start of kneading (right after the completion of kneading) in the step of (2) of Example
1 was measured for the molecular weight of an organic binder contained in the kneaded clay.

[0067] Regarding the kneaded clay of Example 1, the kneading time and the molecular weight of an organic binder
contained in the kneaded clay are shown in Tables 3 and 6. Incidentally, the molecular weight of the organic binder is
shown as a standardized value.

[0068]
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Table 3
(Test 1)
Kneading time (min.) | Molecular weight of organic binder
0 1.00
10 0.92
20 0.46
30 0.32
40 0.26
50 0.21

[0069] The molecular weight of the organic binder drastically decreased from 10 minutes to 20 minutes after the start
of kneading. This decrease in the molecular weight of the organic binder corresponds with the change of kneaded clay
from a powdery form to a clayey form.

3-2-4. Extrusion resistance:

[0070] The kneaded clay before kneading, 10 minutes, 20 minutes, 30 minutes, and 40 minutes after the start of
kneading, and 50 minutes after the start of kneading (right after the completion of kneading) in the step of (2) of Example
1 was subjected to extrusion. Further, upon extrusion, the extrusion resistance was measured by the aforementioned
measurement method.

[0071] Fig. 7 shows a line plot showing the relation between the kneading time and the extrusion resistance upon
extrusion of the kneaded clay of Example 1.

[0072] It was found out that the extrusion resistance of the kneaded clay decreases with the passage of time.

3-3. Evaluation test of the relation between water content and T1 and T2 relaxation times (Test 2):

[0073] Regarding Examples 2 to 5, where only the water content was different, the kneaded clay collected 50 minutes
after the start of kneading was measured for the T1 relaxation time and the T2 relaxation time of the proton contained
in the contained materials in the kneaded clay. Incidentally, the magnetostatic field intensity was 0.3T.

[0074] Table 4 shows the measurement results of the T1 relaxation time and the T2 relaxation time of the proton
contained in the contained materials in the kneaded clay collected 50 minutes after the start of kneading. Further, the
T1 relaxation time of the proton contained in the contained materials in the kneaded clay of each of Examples 2to 5 is
shown in Fig. 8 by a line plot, and the T2 relaxation time of the same is shown in Fig. 9 by a line plot.

[0075]

Table 4
(Test 2)
T1 relaxation time | T2 relaxation time
(msec.) (m sec.)

Example 2 | 30.5 55
Example 3 | 34.1 5.9
Example 4 | 37.4 6.2
Example 5 | 40.6 6.6

[0076] The higher the water content is, the longer the T1 relaxation time and the T2 relaxation time of the proton
contained inthe contained materials in the kneaded clay are. It can be considered that, in the case that the water content
was high, even when water completely covered the surfaces of ceramic raw material particles by kneading, a large
number of remaining water molecules was present in a free state without being bonded to the surfaces of the particles.
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3-4. Evaluation test of the relation between amounts of organic binder and surfactant and T1 and T2 relaxation times
(Test 3):

[0077] Regarding Examples 6 to 8, where only proportions of the organic binder and the surfactant were different, the
kneaded clay collected 10 minutes, 20 minutes, and 30 minutes after the start of kneading was measured for the T1
relaxation time and the T2 relaxation time of the proton contained in the contained materials in the kneaded clay.
Incidentally, in addition to the measurement with a magnetostatic field intensity of 0.3T with regard to all of Examples 6
to 8, measurement with a magnetostatic field intensity of 9.4T was performed with regard to Example 6.

[0078] Regarding the results of the measurement of the kneaded clay of each of Examples 6 to 8 for the T1 relaxation
time and the T2 relaxation time of the proton contained in the contained materials in the kneaded clay 10 minutes, 20
minutes, and 30 minutes after the start of kneading, the results of Examples 6 and 7 measured with a magnetostatic
field intensity of 0.3T are shown in Table 5, and the results of Example 6 measured with a magnetostatic field intensity
of 9.4T are shown in Table 6. Further, the transition of the T1 relaxation time of the proton contained in the contained
materials in the kneaded clay in each of Examples 6 and 7 measured with a magnetostatic field intensity of 0.3T is shown
in Fig. 10 by a line plot, and the transition of the T2 relaxation time of the same is shown in Fig. 11 by a line plot.
[0079]

Table 5

(Test 3)

Example 6 Example 7 Example 8

Kneading time

. 10 20 30 10 20 30 10 20 30
(min.)

T1 relaxation time

947 | 916 | 89.1 | 905 | 873 | 83.6 | 108.6 | 106.3 | 102.8
(m sec.)

T2 relaxation time

13.8 | 132 | 128 | 18.1 | 123 [ 121 14.8 14.2 13.8
(m sec.)

Magnetostatic field intensity of 0.3T

[0080]

Table 6

(Test 3)

Example 6

Kneading time (min.) 10 20 30
T1 relaxation time (m sec.) | 652.1 | 601.0 | 561.7
T2 relaxation time (m sec.) | 1.63 1.52 1.50
Magnetostatic field intensity of 9.4T

[0081] Itwas found outthat, when the organic binder content and the surfactant content are different, the T1 relaxation
time and the T2 relaxation time of the proton contained in the contained materials of the kneaded clay are different. In
addition, the T1 relaxation time and the T2 relaxation time of the proton contained in the contained materials of the
kneaded clay of Example 6 remarkably differ between the magnetostatic field intensity of 0.3T and the magnetostatic
field intensity of 9.4T. This means the relaxation times of the proton changes depending on the magnetostatic field
intensity, that is, depending on the specifications of the measurement device. That is, it means that the state of kneading
of kneaded clay cannot be recognized strictly by the absolute value of the relaxation time. In addition, when the mag-
netostatic field intensity is high, the T1 relaxation time tends to be long, and, when the magnetostatic field intensity is
low, the T2 relaxation time tends to be long. For example, even in the case of the kneaded clay having almost the same
measurement value of the T1 relaxation time at the magnetostatic field intensity of 0.3T, it may have a possibility of
showing a significant different in the T1 relaxation time at the magnetostatic field intensity of 9.4T. That is, it suggests
that even a slight difference in the nature of kneaded clay can be recognized by measuring the T1 relaxation time and
the T2 relaxation time by changing the magnetostatic field intensity.

10
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[0082] The presentinvention can be used as a method for evaluating kneaded clay used for manufacturing a ceramic
structure used for a filter, a catalyst carrier, an electric transmission insulator, a refractory, or the like and an a method
for manufacturing kneaded clay.

Claims

1.

A method of evaluating kneaded clay which comprises :

preparing kneaded clay by mixing and kneading at least ceramic raw material and water as contained materials,
measuring T1 relaxation time and/or T2 relaxation time of proton contained in the contained materials by NMR
method, and

evaluating a kneaded state of the kneaded clay.

A method for evaluating kneaded clay according to Claim 1, wherein a signal for measuring the T1 relaxation time
and/or the T2 relaxation time of the proton contained in the contained materials has the signal sent from the proton
of the water as the main component.

A method for evaluating kneaded clay according to Claim 1 or 2, wherein the kneaded clay is for subjecting, after
the kneading, to a forming step, a drying step, and a firing step.

A method for evaluating kneaded clay according to Claim 3, wherein the kneaded clay has a cordierite composition
or an alumina composition after the firing step.

A method for manufacturing kneaded clay which comprises:
using a method for evaluating kneaded clay according to any one of Claims 1 to 4, and
kneading the kneaded clay while checking the kneaded state of the kneaded clay by the T1 relaxation time
and/or the T2 relaxation time of the proton contained in the contained materials.

A method for manufacturing kneaded clay according to Claim 5, wherein the kneaded clay is kneaded until the T1

relaxation time, measured at magnetostatic field strength of 0.3 to 9.4T, of the proton contained in the contained
materials becomes 80% or less of the initial value before kneading.

11
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