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(54) Title: FILTER AND MEMBRANE DEFECT DETECTION SYSTEM

(57) Abstract: The present invention is directed to a
method of locating leaks in a substrate (30) having a first
and a second surface wherein the substrate (30) is adapt
ed for preventing the flow of a fluid, or components con
tained in the fluid, through the substrate (30) from the
first surface to the second surface, and a system (10) u se
ful in the method, wherein the method comprises: a) iso
lating the first surface from the second surface; b) creat
ing a pressure differential between the first surface and
the second surface wherein the pressure on the fist sur
face is higher than the pressure on the second surface; c)
contacting the second surface or the exit (32) of the de
vice ( 11) containing the substrate (30) with a baffle (23),— wherein the baffle (23) has a plurality of interconnected
parts which form a pattern and the baffle (23) is of a su f

ficient size to cover the second surface of the substrate
(30) or the fluid exit point (32) of the device the substrate
(30) is disposed in and the parts of the baffle (23) create
openings that particles (33) can pass through; d) expos
ing the surface of the baffle (23) to light from a source of
diffuse light (24); e) contacting the first side of the sub
strate (30) with a carrying fluid containing particles (33)
of a particle size that the substrate (30) is a designed too retain in the first surface of the substrate (30); f) monitor
ing the space above the surface of the baffles (23) for the
light scattered by particles (33) that have passed through

the substrate (30).



FILTER AND MEMBRANE DEFECT DETECTION SYSTEM

FIELD OF THE INVENTION

[001] The present invention relates to system and methods useful for identifying and

locating defects in substrates used to isolate particulate matter or to form a barrier, such as

barrier films, membranes or filters.

BACKGROUND

[002] Substrates that are designed to isolate particulate matter or to form a barrier from

fluids, gasses, light, and solids are well known in the art. Included in such substrates are

barrier films that are designed to prevent the transmission of a particular fluid across the

barrier. Examples of fluids for which barrier films are utilized include oxygen and water.

Typically, the barrier film is located between a source of the fluid and an object or region to

be protected from the fluid. Another class of such substrates is membrane systems. Typically

these membrane systems utilize a barrier that is capable of separating mixtures of fluids or

separating solids or particulates from a fluid. One class of membranes separate a mixture of

different gaseous materials into components, for instance oxygen from nitrogen or carbon

dioxide from an air stream. Another class of membrane systems is designed to separate

particulate matter or entrained or dissolved chemical species from a liquid. One example

includes a reverse osmosis membrane designed to remove salt from brackish or salt water.

Another example includes an ultrafiltration membrane which can remove higher molecular

weight organic compounds from a liquid. Another class of substrates is wall flow filters.

Wall flow filters are typically ceramic based and separate particulates from fluids based on

size. A common design of a wall flow filter comprises a shaped ceramic article with flow

passages that extend through the article in one direction. Wall flow filters have in one

direction a series of walls that define flow passages generally arranged such that the walls and

flow passages are disposed parallel to one another and the walls and passages extend through

the shaped ceramic article. In the direction perpendicular to the walls and flow passages the

wall flow filters generally demonstrate a consistent cross-sectional shape. The cross sectional

shape can be any shape which is suitable for the intended use of the wall flow filter. The

cross sectional shape can be circular, oval, square, rectangular, polyhedral or a shape defined

by an assembly of square, rectangular or polyhedral shaped parts. In some embodiments, the

wall flow filter exhibits two faces at each end having the desired cross-sectional shape and the

flow passages are perpendicular to the faces of the filter and extend from one end or face to

the other end or face. Often this arrangement is referred to as a honeycomb design because

each end of the filter looks similar to a honeycomb. In a preferred embodiment the wall flow

filter has a cylindrical shape having a circular or oval cross sectional shape. In another

preferred embodiment, the wall flow filters comprise a plurality of individually formed parts



that are assembled together to form a desired cross section in the direction perpendicular to

the direction of the flow passages. In this last instance the cross section of the wall flow filter

comprises an assembly of the cross section of the parts used to prepare the wall flow filter and

can be engineered to have any desired shape. Wall flow filters often are arranged having a

plurality of walls defining a plurality of flow passages. In wall flow filters at one end every

other flow passage is plugged such that the fluids cannot pass through the end of the plugged

flow passage. At the other end the remaining passages are plugged in a similar manner. The

arrangement results in a structure such that each flow passage is open at one end and plugged

at the opposite end. Each flow passage is surrounded by passages that are plugged at the

opposite end from which it is plugged. In order to separate particulates from a fluid stream,

the fluid stream is introduced through one end of the filter into the flow passages in that end.

Because the other ends of the flow passages are plugged the fluid can only exit the filter

through the porous walls of the flow passage and into flow passages adjacent to the flow

passage into which the fluid is introduced. The flow passages into which the fluid passes are

open at the opposite end f om fluid introduction. Typically, a pressure differential is

maintained between the flow passage into which the fluid is initially introduced and the flow

passages adjacent thereto to drive the fluid through the flow passage walls. The particulate

matter contained in the fluid which is of a size greater than the pores in the walls of the flow

passage is retained on the wall of the flow passage into which the fluid is introduced. The

fluid flowing out of the opposite end of the filter is substantially free of particulates of a size

greater than the pores found in the walls of the flow passages. In a preferred embodiment, the

manufacture of the wall flow filters is adapted to produce walls with relatively uniform pores

to facilitate the desired separation. The design and manufacture of ceramic wall flow filters is

well known in the art and not subject of this invention. Substrates that can be used as films or

membranes which are substantially flat and the fluids to be separated or purified are contacted

with one side of the film and either prevented from passing through the film or the desired

fluid is passed through the film and collected on the opposite side and the undesired material

is retained on the original surface of contact. In other embodiments, the substrate is arranged

in another way in a device having an inlet for feeding the fluid to be separated and an exit for

recovering the purified fluid. This exit may be remote from the actual separating species.

Examples of structures of this type are wall flow filters, hollow fiber membranes and spiral

wound membranes systems.

[003] In the devices in which these barrier films, membranes or filters are incorporated

defects in fabrication can allow undesired fluids or particulate matter to flow into the

recovered fluid. Also if the barrier films, membranes or filters have defects undesired fluids

or particulate matter can pass through the barrier films, membranes or filters. Such defects

render them unsuitable for use. Thus it is desired to identify defective barrier films,



membranes or filters and systems containing them which due to defects cannot effectively

utilize the barrier properties or perform the separation required. Methods and apparatus for

identifying such defects in wall flow filters are known in the art, see Kato, US 2009/0051909;

Gargano et a US 2007/0022724; Gargano et a US 2007/0238191; Hijikata et a US

5,102,434; and Zoeller, III US 7,520,918; all incorporated herein by reference. All of these

disclosed systems and methods require the use of highly directional light sources, lasers,

wherein a very thin sheet of light is used to locate the particulate matter exiting the wall flow

filters. These methods require that the thin sheet of light be located at a distance from the

surface of the wall flow filter.

[004] There is still a need for systems and methods of identifying and locating defects

in barrier films, membranes, filters and systems containing the barrier films, membranes or

filters. Systems and methods which operate in a non-destructive fashion, which identify and

locate the defects in a timely manner as part of the manufacturing process and which can

identify the location of the defect in the barrier films, membranes or filters or at the exit from

the system containing the barrier films, membranes or filters are desired.



SUMMARY OF THE INVENTION

[005] The present invention relates to a system for locating defects in a substrate

adapted to separate components of fluids or solids from fluids. Such substrate having at least

two surfaces, a first and a second surface, which are isolated from one another and wherein

the substrates or systems containing the substrates have an exit point for fluids passing

through the substrate. The system of the invention comprises: a) a particle source capable of

generating particles of a controlled size which is greater than the size of particles which the

substrate is adapted to retain on the first surface; b) a system for creating a pressure

differential between the first and the second surface of the substrate; c) a diffuse source of

light; d) a baffle having a plurality of flow passages or openings that particles can pass

through; e) a closed flow path from the particle generator to the first surface of the substrate;

wherein the light source is directed in the direction of the second surface of the substrate or

the exit of the device containing the substrate, the angle of the direction of the light from the

light source and the pattern and size of the interconnected parts of the baffle are selected such

that no detectable light from the light source directly contacts the first surface of the substrate

or the exit of the substrate. No detectable light as used in this context means that no tight

from the light source which impinges on the surface of the substrate or the exit of the device

containing the substrate interferes with monitoring the presence of particulate matter exiting

the surface of the substrate or the exit of the device containing the substrate.

[006] In another embodiment the invention relates to a method of identifying and/or

locating defects in a substrate comprising a wall having a first surface and a second surface

located on the opposite side of the wall f om the first surface which method comprises placing

a substrate in a system as described herein such that first surface of the wall and the second

surface of the wall are isolated from one another; contacting a fluid containing particles of a

size the substrate is designed to retain on the first surface under conditions that the pressure

on the first surface is greater than the pressure on the second surface; directing the light of the

diffuse light source onto the baffle and monitoring the surface of the baffle for particles,

which scatter light from the light source, passing through the baffle. In a preferred

embodiment the surface of the baffle is monitored using an imaging system.

[007] In another embodiment, the invention relates to a method of locating leaks in a

substrate, having a first and a second surface wherein the substrate is adapted for preventing

the flow of a fluid, or components contained in the fluid, through the substrate from the first

surface to the second surface, wherein the process comprises: a) isolating the first surface

from the second surface; b) creating a pressure differential between the first surface and the

second surface wherein the pressure on the first surface is higher than the pressure on the

second surface; c) contacting the second surface or the exit of the device containing the



substrate with a baffle, wherein the baffle has a plurality flow passages and the baffle is of a

sufficient size to cover the second surface of the substrate or the fluid exit point of the device

the substrate is disposed in and the flow passages of the baffle provide openings that particles

can pass through; d) exposing the surface of the baffle to light from a source of diffuse light;

e) contacting the first side of the substrate with a carrying fluid containing particles of a

particle size that the substrate is a designed to retain in the first surface of the substrate;

monitoring the space immediately above surface of the baffle for the light scattered by

particles that have passed through the substrate and the baffles.

[008] It should be appreciated that the above referenced aspects and examples are non-

limiting, as others exist within the present invention, as shown and described herein. The

systems and methods of the invention allow the use of a standard light source, which is a

source of diffuse light as opposed to a highly directional light source (non-diffuse light

source) such as a laser. The systems and methods of the invention allow the identification

and location of defects in substrates and systems containing the substrates in a non-destructive

fashion, which under certain circumstances facilitate repair of the substrate or system

containing the substrate. The system and methods of the invention allow a manufacturer to

see particulate matter exiting the substrate or the device containing the substrate close to the

substrate or the exit, for instance within 1mm of the surface of the substrate or the exit of the

device containing the substrate.



DESCRIPTION OF THE DRAWINGS

[009] Figure 1 is a view of a wall flow filter located in the holder of a system of the

invention.

[0010] Figure 2 is a view of a wall flow filter in a defect testing device.

[0011] Figure 3 is a view of the exit face of a wall flow filter.

[0012] Figure 4 is a view of the exit face of a wall flow filter having a baffle disposed

thereon which shows the image of the light scattered by water particles exiting the face of the

filter.

[0013] Figure 5 is an image of the light scattered by the water particles.

[0014] Figure 6 is an image of the light scattered by the water particles superimposed on

the exit face of a wall flow filter.

[0015] Figure 7 is a view of a wall flow filter in a defect testing device which shows the

angle of the central vector of diffuse light on the center of the baffle compared to the plane of

the surface of the baffle.

[0016] Figure 8 is a cutaway view of a wall flow filter showing the flow of particulate

matter through a defect in a wall of a wall flow filter.

[0017] Figure 9 shows three flow passages of a wall filterand the flow of particles

through a defect in one of the walls. .



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] The explanations and illustrations presented herein are intended to acquaint

others skilled in the art with the invention, its principles, and its practical application. Those

skilled in the art may adapt and apply the invention in its numerous forms, as may be best

suited to the requirements of a particular use. Accordingly, the specific embodiments of the

present invention as set forth are not intended as being exhaustive or limiting of the invention.

The scope of the invention should, therefore, be determined not with reference to the

description contained herein, but should instead be determined with reference to the appended

claims, along with the full scope of equivalents to which such claims are entitled. Other

combinations are also possible as will be gleaned from the following claims, which are also

hereby incorporated by reference into this written description.

[0019] The system and method of the invention relate to locating defects in substrates

wherein the substrates comprise a barrier layer or a filtration layer. Preferably, substrate as

used herein refers to a material that has inherent thickness, that is a wall, and two surfaces, a

first and a second surface, wherein the surfaces are capable of being separated from another

by material between the two surfaces. Capable of being separated from one another means

the two surfaces can be arranged such that a fluid can be forced to pass through the wall of the

substrate to transport it from the first surface to the second surface. Barrier as used herein

refers to the inherent property of preventing a fluid, particle, or light from passing through the

barrier layer. A filtration layer refers to a material that is designed to separate components of

a fluid stream or components contained in a fluid stream from the fluid stream. The filtration

layer can perform the separation either based on the differences of solubility and diffusivity of

two fluids in the material from which the filtration layer is composed, or based on the size of

the pores in the filtration layer. Typically, where a filtration layer is designed to separate

materials by size, the pore size is carefully designed. The substrate can take any form which

allows the first surface and the second surface to be isolated from one another in order to

force fluids to pass through the substrate. Example of such forms include wall flow filters,

flat sheets, films, hollow fibers, spiral wound membrane systems and the like. During use a

substrate may be exposed or may be disposed within a system. Wherein the substrate is used

in a system, the system typically is designed to isolate the first surface from the second

surface. Such a system generally has an inlet for feeding a fluid mixture to the first surface of

the substrate and an exit for removing the portion of the fluid which passes through the wall

of the substrate. In the embodiment wherein the substrate is a wall flow filter as described

hereinbefore, the wall flow filter has two faces, ends, which preferably are planar in a

direction perpendicular to the direction of the flow passages. The flow passages are preferably

oriented perpendicular to the plane of the two faces of the wall flow filter. At one end of the

wall flow filter are openings of the flow passages. The end of the flow passage opposite to



the open end is plugged with a material which is capable of preventing the flow of fluid out of

the flow passage. Every open passage is surrounded by plugged flow passages. In the same

manner, every plugged flow passage is surrounded by open flow passages. At the other end,

the plugged passages are open and the open passages are plugged. The result of this design is

that when a fluid is introduced at the inlet end and brought into contact with the first surface

of the substrate and there is a higher pressure on the first surface of the substrate than on th

second surface of the substrate, the Quid passes through the walls of the substrate from the

first surface to the second surface. To the extent that the fluid contains materials of a size

larger than the pores the materials are retained on the first surface of the substrate. As used

herein separating components of a fluid means separating different parts of the fluid based on

either size or solubility and diffusivity of the components through the substrate. As used

herein the first surface of the substrate is the surface of the flow passages in contact with the

inlet. As used herein the second surface of the substrate is the surface of the flow passages in

communication with the exit. Pore size refers to the largest size of openings contained in the

substrate. Typically, substrates are engineered to have a controlled largest size such that the

substrate is capable of separating particulate matter of a certain size from a fluid.

[0020] Defects in a substrate mean that there are openings in the substrate that allow

fluid components to pass through the substrate which the substrate is designed to prevent

from passing through the substrate. Typically, the defects comprise holes or cracks in the

substrate that are larger than the desired pore size. These defects allow the material to pass

through the substrate that was intended to be retained on the first surface of the substrate.

Such defects render the substrate ineffective. In the context of a system containing the

substrate, the defects typically result in a failure to isolate the first surface of the substrate

from the second surface of the substrate thus allowing undesired materials to pass directly

from the inlet to the exit. Identification of defective substrates and/or systems allows the

manufacturer to either correct the defects or prevent the sale of defective systems.

[0021] Generally, the invention comprises systems for locating defects in a substrate

adapted to separate fluids or components from fluids, the substrate having at least two

surfaces, a first and a second surface, which are isolated from one another and wherein the

substrates or systems containing the substrates have an exit point for fluids passing through

the substrate, the system comprising: a) a particle source capable of generating particles of a

controlled size which is greater than the size of particles which the substrate is adapted to pass

from the first surface to the second surface; b) a system for creating a pressure differential

between the first and the second surface of the substrate; c) a source of diffused light; d) a

baffle having a plurality of interconnected parts which form a pattern wherein the baffle is of

a sufficient size to cover the second surface or the fluid exit point of the device containing the

substrate, wherein the interconnected parts create openings that particles can pass through; e)



a closed flow path from the particle generator to the first surface of the substrate; wherein the

light source delivers light to the second surface of the substrate or the exit of the device

containing the substrate, the angle of the direction of the light from the light source and the

pattern and size of the interconnected parts of the baffle are selected such that any light f om

the light source which directly contacts the first surface of the substrate or the exit of the

device containing the substrate and is reflected by the first surface of the substrate or the exit

of the device containing the substrate does not interfere with the ability to monitor the light

scattered by any particles passing through the substrate or exiting the device containing the

substrate. It is desired that any light scattered by the substrate or the exit of the device

containing the substrate, whether it is from the diffuse light source or ambient light, be low in

intensity so that it goes undetected by the system adapted to detect light reflected by the

exiting particles. The light scattered by the particles passing through the defect in the

substrate must be greater in intensity than any light scattered off of the substrate. Exit point

as used herein refers to an outlet for fluids which have passed through the wall of the

substrate from the first surface to the second surface, which exit point is used to remove the

fluids passed from the vicinity of the second surface of the substrate. In the context of a wall

flow filter, the substrate refers to the walls of the flow passages and the exit of the device

refers to the end of the wall flow filter in communication with the flow passages in

communication with the second surface of the substrate.

[0022] The system of the invention contains a source of particles. The particles may

comprise any particles which are larger in size than the designed pores of the substrate and

which can scatter light when they pass from the exit point of the substrate and through the

incident light or system. The particles utilized need to be capable of being diffused in a fluid.

Fluid as used herein is a material that flows when subjected to the pressure differential.

Preferably the fluids used herein are in the liquid or gaseous state and more preferably arc in

the gaseous state. The particles can be solids, liquids or gases provided the particles scatter

light, more preferably they are solid or liquid. In general terms, the source of particles is a

particle generator which is any device or system that can form particles of the desired size

having the desired properties. In one embodiment the particles are formed from a liquid

material. T e particulate fluid is preferably a suspension of fine drops of liquid in air, that is a

mist or a fog. The particulate generator in this embodiment is a device that generates a fine

particle mist, such as a sprayer, nebulizer, atomizer, and the like. The liquid used to form the

particles can be any liquid that can be formed into particles which scatter light. Preferable

liquids which can be used include water, glycols and the like, with water being preferred. In

another embodiment, the particles can be smoke, soot, incense, wheat flour and the like. Any

system that generates such particles can be used as the particle generator. The size of the

particles used is dependent on the pore size of the substrate and the size of the defect of



interest. There are practical constraints on the size of the particles. The lower limit on the

size of the particles is the smallest size of particles that scatter light in a detectable manner.

Thus the lowest useful particle size is the lowest particle size that scatters light when particles

of that size exit the substrate or device containing the substrate and come into contact with

light from the non-diffuse light source. The upper limit on particle sizes useful is based on

the ability to transport the particles in a carrier. f the particles are too large they cannot be

transported in a carrier fluid. The size of the particles is preferably about 0.1 micrometers or

greater, more preferably about O.S micrometers or greater, even more preferably about 1.0

micrometers or greater and most preferably about 5 micrometers or greater. In the

embodiment wherein the substrate is a wall flow Alter, the size of the particles is about 1 0

micrometers or less, more preferably about 20 micrometers or less and most preferably about

micrometers or less.

[0023] Preferably, the particles are dispersed in a carrying fluid. The carrying fluid is

determined according to the nature of the substrate and the materials the substrate is designed

to separate. Preferably, the fluid is a gas. The particles can be dispersed in any gas that does

not harm the substrate. The gas can be air, oxygen, nitrogen, carbon dioxide or an inert gas.

Preferably, the gas is air. Preferably, the air is filtered to remove entrained particulate matter.

In some embodiments, the system can comprise a source of gas. Any source of gas which is

capable of transporting the particles and which does not harm the substrate or the system in

which it is disposed may be used. The source of gas can be a pressurized tank of the desired

gas, a blower, preferably with a filter for the gas or a combination thereof.

[0024] The system may further comprise a device for dispersing the particles into the

carrying fluid. Any system that facilitates dispersal of the particles into the carrying fluid that

facilitates contacting the particles with the substrate may be used. Such dispersal devices

include a sprayer, a mixing chamber containing an impeller or air jet, a static mixer, an

ultrasonic atomizer or a recirculator. In one embodiment, the dispersal device is a chamber

into which the particles are introduced which further contains a blower which disperses the

particles into air, and preferably further contains an impeller.

[0025] The system utilizes a device for creating a pressure differential across the wall of

the substrate. The pressure differential is between the first surface of the substrate and the

second surface of the substrate, in particular the pressure on the first surface is higher than the

pressure on the second surface of the substrate. Any device which creates the pressure

differential may be used. In one embodiment, a device which increases the pressure on the

first surface of the substrate may be used. Examples of devices which increase pressure on

the first surface of the substrate include gas blowers, pressurized gas tanks, a gas compressor

and combinations thereof. n another embodiment, a device which reduces the pressure on

the second surface of the substrate may be utilized. In a preferred embodiment, a vacuum is



created on the region in contact with the second surface. Examples of means for creating a

vacuum in the region in contact with the second surface of the substrate include a vacuum

pump, a molecular diffusion pump, a syringe pump, or a combination thereof. The pressure

differential is chosen such that the carrying fluid is driven through the wall of the substrate

from the first surface to the second surface and carried away from the second surface. The

particular pressure differential needed is dependent on the nature of the substrate, the nature

of transport of the fluid through the substrate, the nature of the fluid and the size of the pores,

where present, in the substrate. Any pressure differential which causes the carrying fluid to

pass through the wall of the substrate from the first surface to the second surface may be

utilized. In a preferred embodiment, the pressure differential is about 1 pascal or greater,

more preferably about 4 pascals or greater, and most preferably about 6 pascals or greater. In

a preferred embodiment, the pressure differential is about 00 pascals or less, more preferably

about 50 pascals or less, and most preferably about 30 pascals or less.

[0026] The source of light used in system can be any source of diffused light. As used

herein diffuse light is light that is not highly directional. Directional light means the light has

a measured directivity. The level of directivity is less than that required in prior art. Any

light source that provides diffused light may be used as the source of light in the system.

Examples of such sources of light include incandescent light bulbs, fluorescent light sources,

light emitting diodes and combinations thereof. The light source can comprise one or more

individual light sources. In a preferred embodiment, the source of light is a plurality or array

of individual light sources. In a more preferred embodiment, the light source is an array of

light emitting diodes. Preferably the light source delivers a divergent cone of light, a plane of

light, or a beam of light. In the case of the beam of light the beam is scanned over the

substrate exit so as to allow complete evaluation of the substrate exit. More preferably, the

light source would be a divergent plane of light or scanned beam of light. The directivity of

the light is defined by the degree of dispersion of the light at a given distance from the light

source. The degree of dispersion is defined by the diameter of the beam or cone of light or

the thickness of the plane of light. Directivity is the directional characteristic of a light source.

All light sources exhibit directionality. In the case of this invention, directivity is

characterized by the diameter of a beam of light, the diameter of a cone of light, or the

thickness of a plane of light at a distance of one meter from the light source. A typical beam

of laser light is considered as highly directional, non-diffuse, since its diameter is very small

when measured at or near the laser exit. A plane of light that is formed by dispersing a laser

beam in one dimension can also be considered highly directional in one dimension, i.e. the

plane thickness, since the plane thickness will remain the same as the thickness of the original

light beam independent of the degree of dispersion of the beam in the other direction. The

directionality of the non-laser based light sources utilized in this invention is less than that of



a typical laser. To differentiate the overall magnitude of the directionality of various light

sources a length measurement is used. The diameter of a beam of light, the diameter of a

cone of light, or the thickness of a plane of light at a distance of one meter from the light

source is determined using a light meter. The light meter, which has a 3 millimeter working

aperture placed onto the active surface thus providing an opening to the active surface, is

scanned across the center of the beam or cone of light or the thickness of the plane of light to

obtain a spatial light intensity distribution. The beam or cone diameter or the plane thickness

is measured at half the maximum intensity of the beam, cone, or plane spatial light

distribution. In the preferred embodiment the beam or cone diameter or plane thickness, at a

distance of 1 meter from the source, is about 4 mm or greater, more preferably about greater

6 mm or greater, and most preferably about 20 mm or greater. Preferably the beam or cone

diameter or plane thickness, at a distance of 1 meter from the source, is about 1000 mm or

less, more preferably about 200 mm or less, and most preferably about 100 mm less than.

The light source can generate a broad spectrum light or a monochromatic light.

Monochromatic light, light of a single color, having a narrow wavelength band, is preferred.

Light of a single color is preferred because it enhances the image capture by an image

capturing system. Use of monochromatic light allows more effective filtering of unwanted

stray light in the capturing of the images. The color chosen is preferably violet, green, red or

blue, with red most preferred.

[0027] The system of the invention includes a baffle which is disposed at or near the

second surface of the substrate or at the exit of the system. The closer the baffle is to the

second surface of the substrate, the easier it is to locate any defects in the substrate. The

baffle preferably is large enough to cover the entire area of the second surface of the substrate

or the exit of the device in which the substrate is located. In the embodiment where the

substrate is in film or sheet form, the baffle preferably is of a size to cover the entire sheet or

film. The shape in the direction of the plane parallel to the plane of the substrate or exit of the

device containing the substrate is not critical as long as it covers the surface area of the

substrate or exit. In a preferred embodiment, the baffles shape in the plane parallel to the

plane of the substrate or exit of the device containing the substrate conforms to the shape of

the substrate or the exit of the device containing the substrate. In the embodiment wherein the

substrate is a wall flow filter, the baffle is of a size which is at least the same size and shape of

the second face of the filter, which is the face from which the fluid exits the filter. The baffle

functions to allow fluids including particles to travel away from the surface of the substrate

and to prevent light from the light source from directly contacting the surface of the of the

substrate or the exit of the device containing the substrate or to prevent the substrate or the

exit of the device containing the substrate from reflecting light in a manner which interferes in

the identification of defects in the substrate or device containing the substrate. The baffle



further comprises a plurality of openings adapted to allow any particles which exit the

substrate of device containing the substrate to pass through the holes in the baffle. The baffle

comprises a border which defines the size and shape of the baffle. Any structure which

provides appropriate passage of the carrier fluid and particles therethrough may be used. In

one embodiment the baffle may be a unitary structure with holes formed in the structure.

Such unitary structure can be molded into the desired shape and can be prepared from any

material capable of being formed or molded into the desired shape, such as metal, plastic and

ceramics. In one embodiment the baffle can be a relatively thin wall flow Alter placed upon

the surface of the wall flow filter being tested. In one preferred embodiment, the wall flow

filter utilized as a baffle is relatively thin in the direction perpendicular to the flow passages.

In one embodiment, baffle having a plurality of interconnected parts which form a pattern

wherein the baffle is of a sufficient size to cover the second surface or the fluid exit point of

the substrate and the interconnected parts create openings that particles can pass through. In

one embodiment, the passages in the baffle may be formed by a plurality of parts which

interconnect to form a mesh or screen. The baffle is adapted to prevent the diffuse light from

directly contacting, or reflecting from in a manner which prevents identification of defects,

the surface of the substrate or exit of the device containing the substrate. The passages in the

baffle or openings between the parts need to be sufficient to allow the fluid and particles

passing through the substrate to flow away from the substrate or exit without substantial

interference. The shape and dimensions of the passages or parts are chosen to achieve these

stated objectives. The thickness in the plane parallel to the plane of the substrate or exit from

device containing the substrate, for wall flow filters, the exit face, is selected to miriirnize the

surface area covered by the structure defining the passages or the parts. In the direction

perpendicular to the substrate or exit from the substrate, for wall flow filters the exit face, the

thickness is chosen so as to prevent the light from the diffuse light source from contacting, or

reflecting from in a manner which interferes with detection of defects, the substrate or exit of

the device containing the substrate, for wall flow filters the exit face, and to be as thin as

possible so that the location of any particles exiting can be identified as close as possible to

the surface of the substrate or the exit. The plurality of parts defining the openings in a baffle

can comprise any shape which meets these objectives, including wire, thin strips with the

thickest dimension perpendicular to the plane of the substrate or exit from device containing

the substrate, for wall flow filters the exit face or combinations thereof. The parts are

interconnected to form a pattern wherein the parts form a plurality of openings. The number,

pattern and the plurality of openings are arranged to allow the fluid and particles to leave the

vicinity of the plane of the substrate or exit from device containing the substrate, for wall flow

filters the exit face. Preferably, the thickness in the direction perpendicular to the plane of the

substrate or exit from device containing the substrate, for wall flow filters the exit face, is



preferably about 100 mm or less, more preferably 10 mm or less and most preferably 0.2 mm

or less. The minimum thickness is chosen such that the baffle has structural integrity and

prevents light from contacting, or reflecting in a manner which interferes with detecting

particles exiting the substrate or exit from device containing the substrate, for wall flow filters

the exit face. Preferably, the thickness in the direction perpendicular to the plane of the

substrate or exit from device containing the substrate, for wall flow filters the exit face, is

preferably about 0.01 mm or greater and most preferably 0.04 mm or greater. The openings

which form the flow passages in the baffle are preferably of a size of about 0.0S mm or

greater, more preferably about 0.07 mm or greater and most preferably about 0.1 mm or

greater. The openings which form the flow passages in the baffle are preferably of a size of

about S.O mm or less, more preferably about 3 mm or less and most preferably about 0.3 mm

or less. In a preferred embodiment, the baffle comprises a metallic, plastic, or cloth mesh, the

flow passages are defined by interconnected wires or threads. In a preferred embodiment the

baffle does not reflect the diffuse light. The baffle is preferably black in color and has a flat

matte finish.

[0028] The flow path is adapted to transport the carrier fluid containing particles from

the source of particles and source of carrier fluid to the first surface of the substrate or in the

inlet of a device containing the substrate, in the embodiment wherein the substrate is a wall

flow filter to the inlet face of the filter. The flow path can be of any shape and manufactured

from any material which facilitates introduction of the fluid containing particles to the surface

of the substrate. In a preferred embodiment, the flow path creates a closed environment

which can be pressurized to create a pressure differential. In one embodiment, the flow path

creates a closed chamber, in another embodiment the flow path can be connected to a device

for mixing the carrier fluid and the particles and collectively these parts can form a sealed

chamber which is capable of being pressurized. The closed chamber can contain a pressure

sensor and or regulator, an inlet for introduction of particles, an inlet for introduction of a

fluid wherein the fluid may be pressurized, a blower to create pressure, or an inlet from a

blower to create pressure, a gas compressor or any combination thereof. In a preferred

embodiment, a seal is located between the flow path and the substrate or device containing the

substrate. The seal is adapted to seal between the flow path and the substrate or the device

containing the substrate and to maintain pressure of the chamber where the chamber is

pressurized. Any seal that performs this function may be utilized. The seal may be an

elastomeric material and in one embodiment may comprise a gas filled bladder of a flexible or

elastomcric material which is capable of conforming to the substrate or device containing the

substrate. The flow path and the chamber perform the additional function of isolating the first

surface of the substrate from the second surface of the substrate.



[0029] The direction of the center vector of the diffuse light and the size and design of

the baffle are selected to prevent the diffuse light from directly contacting the surface of the

substrate or exit of the device containing the substrate, such as the exit face of a wall flow

filter, or from reflecting from the surface of the substrate in a manner which interferes with

monitoring particles passing through the baffle. Directly contacting means that light rays

flow directly from the light source to the object. Center vector refers to the vector of light at

the center of the light projected by the light source. The light is diffuse and the most intense

light rays are projected in towards the exit of the device containing the substrate. The central

vector is used to define the relationship of the substrate, the baffle and the light source. The

direction of the central vector cannot be perpendicular to the plane of the substrate or exit

from the device containing the substrate. With respect to wall flow filters, the central vector

cannot be perpendicular to the plane of the exit face and in the same direction of the vector of

the flow of the flow passages. In this alignment, the light rays from the diffuse light source

will contact the surface of the substrate or the exit from the device containing the substrate, or

the face of the exit of a wall flow filter, and the light rays will reflect therefrom in a manner

which prevents detection of the particles exiting. This reflected light interferes with the

identification of and location of defects. Therefore the angle between the vector of the center

of the light generated by the diffuse light source when directed at the center of the face of the

baffle and the plane of the substrate or the exit from the device containing the substrate, exit

face of a wall flow filter, is significantly less than 90 degrees. Preferably, the angle is 85

degrees or less, and more preferably 50 degrees or less and most preferably 30 degrees or less.

Preferably the angle is 0 degrees or greater and more preferably 2 degrees or greater. The

center of the face of the baffle is the geometric center of the face of the baffle. For irregular

shapes the center can be estimated. The thickness of the baffle, the size of the openings and

the angle discussed above are interdependent. When the openings are smaller and the

thickness is greater, the angle can be greater. When the openings are larger or the baffle

thinner the angle needs to be smaller. Figure 7 shows the relevant angle.

[0030] The surface of the substrate or the exit of the device containing the substrate with

the baffle disposed near or adjacent to the exit or substrate is monitored for exiting particles.

The particles exiting scatter light a d the scattered light is visible to the naked eye. Thus the

monitoring can be performed manually. The system preferably comprises an image capturing

system to capture and preferably save images of the light scattered by those particles exiting

from the device. Any imaging system which allows the capture of images of particles passing

through the baffle may be used. The imaging capturing system preferably records the images

in a known recording medium in a manner such that the images can be examined in order to

locate the defect in the substrate, quantitatively describe the defect in a number of ways such

as the magnitude of the defect or the number of defects present or the magnitude of defects



per area or the number of defects per area or any combination thereof. The imaging device

may be an analog or digital device. The imaging system can comprise an imaging device

which captures a series of static or still images or it may capture a real time video image. The

imaging system is preferably connected to computer system such that images can be stored

and or further processed to determine the location of the defect in the substrate, quantitatively

describe the defect in a number of ways, such as the magnitude of defects per area, the

number of defects per area or any combination thereof. These operations can be performed

by visual inspection or by computer based image processing and image analysis. In another

preferred embodiment, the imaging system includes a monitor which shows the image or the

image processed in a manner such that the location of the defect is identified. The image

capturing system can be adjusted to filter out unwanted images or light wavelengths. Where

the diffuse light source is a monochromatic light source the image capturing system can be

adjusted to filter out all light except the monochromatic light wavelength band utilized by the

diffuse light source.

[0031] In a preferred embodiment a lens is disposed between the diffuse light source and

the baffle near or adjacent to the substrate or the exit of the system containing the substrate.

The lens is adapted to focus the majority of the diffuse light on the surface of the baffle. The

lens does not convert the light to highly directional light. The lens is utilized to maximize

utilization of the light from the diffuse light source. One skilled in the art of optics with

knowledge of the set up of the system is capable of choosing and recommending an

appropriate lens for a particular system.

[0032] The parts of the system of the invention can be separate modules which are

arranged to function as described herein. Alternatively, a portion of or all of the parts can be

integrated and held in place by a support structure. Such a support structure can hold and

align appropriately some or all of the parts. The system of the invention and in a preferred

embodiment the support structure, further comprises a holder for the substrate or the device

containing the substrate. The holder along with the flow path preferably cooperates to isolate

the first surface from the second surface. The holder may further comprise a known

restraining device for restraining the substrate or device containing the substrate to hold it in

an appropriate location. Such restraining devices are well known to a skilled artisan.

[0033] The system of the invention can be incorporated into a manufacturing system or

plant. As part of the manufacturing system it is contemplated that the substrate or device can

be manually inserted into the system of the invention. Alternatively, the device or substrate

can be placed into the system utilizing a robot. The robot can be part of the system of the

invention or can be separate and adapted to work with the system of the invention. Robotic

systems which can be used with the system of the invention are well known to one skilled in

the art.



[0034] In another embodiment the invention relates to a method of identifying and or

locating defects in a substrate comprising a wall having a first surface and a second surface

located on the opposite side of the wall from the first surface which comprises placing a

substrate in a system as described herein such that first surface of the wall and the second

surface of the wall are isolated from one another; contacting a fluid containing a particles of a

size the substrate is designed to retain on the first surface under conditions such that the

pressure on the first surface is greater than the pressure on the second surface; directing the

diffuse light of the diffuse light source onto the baffle and monitoring the surface of the

baffle for particles passing through the baffle which scatter light from the light source. In a

preferred embodiment, the surface of the baffle is monitored using an imaging system.

[0035] In a first step, the substrate or device containing the substrate is placed into the

system of the invention such that the first surface of the substrate and the second surface of

the substrate are isolated from one another. If there is a restraining device for the substrate or

the device containing the substrate, the substrate or device are appropriately restrained.

Where the system contains a seal, the seal is seated to insure isolation of the first surface of

the substrate from the second surface of the substrate. If the seal is a bladder based seal, the

bladder is expanded to form a seal by increasing the fluid pressure in the bladder. Particles

are introduced into the system. They can be introduced into the system predispersed in a

carrying fluid or they can be dispersed in the carrying fluid in the system. The particles

dispersed in a carrying fluid are then passed through the flow path to the first surface of the

substrate. In the embodiment wherein the substrate is disposed in a device, the particles are

introduced into the inlet of the device. For a wall flow device the particles are introduced into

the open flow passages on the inlet face of the device. A pressure differential is created

across the wall of the substrate either by increasing the pressure on the first surface of the

substrate or by decreasing the pressure on the second surface of the substrate. The carrying

fluid passes through the walls of the substrate and where there are defects the particles pass

through the wall. A baffle is disposed (placed) on or adjacent to the surface of the substrate

or the exit from the device containing the substrate. Care is taken to arrange the baffle and

the angle of the vector at the center of the light from the diffused light source to insure the

light from the diffuse light source does not directly contact, or reflect therefrom in a manner

which interferes with identifying light scattered by the particles exiting, the substrate or the

exit of the device containing the substrate. Diffused light from the diffused light source is

directed onto the surface of the baffle. In the embodiment wherein the substrate is a wall flow

filter, light rays should not directly contact the exit face of the wall flow filter having the flow

passages in contact with the second surface or reflect from the exit face in a manner which

interferes with identifying light scattered by the particles exiting the baffle. The surface of the

baffle is monitored for particles passing through the substrate by exarnining it for the



scattering of light off of the particles passing through the baffle. In the embodiment wherein

an imaging device is used to prepare images of the surface of the baffle, an operator can

monitor the imaging device to determine if particles are passing through the substrate. In one

embodiment, an image of the substrate or device exit can be prepared prior to testing and

superimposed on an image of the particles exiting the baffle. This can facilitate the

identification of the location of the defects. In the embodiment wherein the substrate is a wall

flow filter, one goal of the taking an image of particles exiting the wall flow filter is to

identify the location of the defects. In this embodiment, the baffle is located on the exit face

of the wall flow filter which has the flow passages in contact with the second surface of the

wall. Where an image of the exit face of the wall flow filter is superimposed over the image

of the particles exiting the baffle, it is relatively easy to identify the particular flow passage

having a wall with a defect. The use of a superimposed image is not required to make this

identification. For substrates or devices that can be repaired they are repaired at the identified

location. For those that cannot be repaired they are discarded as part of a quality control

system.

[0036] In another embodiment, the invention relates to a method of locating leaks in a

substrate, having a first and a second surface wherein the substrate is adapted for preventing

the flow of a fluid through the substrate from the f rst surface to the second surface, wherein

the process comprises: a) isolating the first surface from the second surface; b) creating a

pressure differential between the first surface and the second surface wherein the pressure on

the first surface is higher than the pressure on the second surface; c) contacting the second

surface of the substrate or the exit of the device containing the substrate with a baffle

comprising a plurality of fluid flow passages wherein the baffle is of a sufficient size to cover

the second surface or the fluid exit point of the device containing the substrate and; d)

exposing the surface of the baffle to light from a source of diffuse light; e) contacting the first

side of the substrate with a carrying fluid containing particles of a particle size that the

substrate is designed to retain in the first surface of the substrate; f) monitoring the

space immediately above the surface of the baffles for the light scattered by particles that

have passed through the substrate.

[0037] The first surface of the substrate is isolated from the second surface of the

substrate to force a carrying fluid to pass through the wall of the substrate. The surfaces may

be isolated within a device in which the substrate is disposed. One method is to form a closed

chamber on one side of the substrate or device which is in contact with the first surface of the

substrate or the inlet of the device. A pressure differential is created across the wall of the

substrate by either increasing the pressure on the first surface of the substrate or by decreasing

pressure on the second surface of the substrate. This is discussed in more detail hereinbefore.

The baffle is placed in contact with, adjacent to or near the second surface of the substrate or



the exit of the device containing the substrate. The carrying fluid having particles dispersed

therein is contacted with the first surface of the substrate or with the inlet of the device

containing the substrate as described hereinbefore. The pressure differential is chosen to be

sufficient to cause the carrying fluid to pass through the wall of the substrate. The particles

will be retained on the first surface of the substrate if there are no defects in the wall of the

substrate or in the device containing the substrate. If there are defects in the substrate or the

device containing the substrate large enough to pass the particles, the particles will pass

through the substrate, and where it is part of a device, through the exit of the device. The

particles then pass through the baffle. Diffuse light is directed onto the surface of the baffle

as described herein. In a preferred embodiment the diffused light is passed through a lens to

focus a majority of the diffused light on the surface of the baffle. The diffused light source

and the baffle are arranged to prevent light rays from the diffuse light source from corning

into contact with the surface of the substrate or exit of the device or reflecting off of the

substrate or baffle in a manner which interferes with monitoring for exiting with particles.

This is discussed hereinbefore. The surface of the baffle is monitored for light scattered by

particles passing through the baffle. Preferably, this is achieved using an imaging device as

described hereinbefore. The location of the defect is preferably identified. In another

preferred embodiment the defect is corrected.

[0038] In a preferred embodiment, the substrate is a wall flow filter. Preferably, the wall

flow filter has two opposing faces with a honeycomb structure wherein the honeycomb

structure establishes flow passages which pass through the structure from a first end, or face,

to a second end, or a face, wherein at a first end of the filter every other passage is sealed in a

manner such that fluid cannot flow through the sealed passages and at the second end of the

filter the passages not sealed at the first end of the filter are sealed; wherein each passage is

sealed at only one end. Preferably, the first surface of the substrate comprises the walls of the

wall flow filter having its flow passages in communication with the particles wherein the

particles are introduced into the wall flow filter through said passages. Preferably, the baffle

is in contact with the end, face, of the honeycomb cylinder which has flow passages open

which are not the flow passages to which the particles are introduced.

[0039] The present invention is illustrated in a number of exemplary embodiments, as

discussed with respect to the figures. Figures 1 and 2 show the device of the invention 10.

Figure 1 shows a wall flow filter 30 seated in a holder 11. Figure 2 shows the filter 30 seated

in a holder 1 and all of the other elements of the device 10. Shown is a holder 11 for the

wall flow filter 30, wherein the filter is placed on a ledge 12 which holds the filter 30 above a

chamber 13 which comprises two parts, a chamber wherein the particles and the carrying fluid

are mixed 3 1 and a flow path . The mixing chamber 1 and the flow path 4 are separated



by a splash guard 22 to prevent water from splashing into the flow path 1 . A humidifier or

nebulizer 15 is the particle generator. The particles are generated from water 38 in the bottom

of the mixing chamber 31. A seal 1 is disposed about the outside wall of the filter 30. T e

seal 1 has an air inlet 17 for seating the seal 16 about the filter 30. Shown is an air inlet 1

which introduces air as the carrying fluid. Also included is a water inlet 20 and a water outlet

19. The system has a pressure gage 2 1 for monitoring the pressure in the chamber 13. A

baffle 23 is located on the exit face (not shown) of the filter 30. A diffuse light source of an

array of light emitting diodes 24 is shown attached to the support structure 25. Attached to an

arm of the support structure 25 is an imaging assembly 26 located above the baffle.

[0040] In operation, a filter 30 is placed onto the ledges 12 of the holder 11. Air is

introduced through the air inlet 17 to seat the seal 16 around the outside wall of the filter 30.

The particle generator 15 forms particles from the water 47 located in the bottom of the

mixing chamber 1. Air is introduced through the air inlet 18 and water particles and air are

mixed in the mixing chamber 1. The mixture of water particles and water are transported

into the flow path 14 and then into contact with the first surfaces of flow passages of the filter

30 open to the flow passage 14. A pressure differential is created by introducing pressurized

air into to chamber 3 by air inlet 18. The air flows through the walls of the flow passages of

the filter 30. The water particles are either retained on the first surface of the walls or pass

through defects therein. The particles passing through defects flow through the flow passages

in contact with the second surface of the walls out through the baffle 23. T e particles exiting

the filter scatter light generated by the diffuse light source 24. The imaging assembly 26

takes images of the scattered light from the particles. The images can be used to locate the

passage that has a defect and optionally the defect can be repaired.

[0041] Figure 7 is similar to Figure 2 wherein line 36 shows the plane of the surface of

the baffle 23 and line 35 shows the central vector of the cone of diffuse light directed on to

the center of the baffle 23. The angle of light Θ 37 is the angle of the respective lines 35 and

36 starting at the center of the baffle 23.

[0042] A study of the system of the invention is performed. Figure 3 to 6 show the

results. In the study the apparatus illustrated in the figures is utilized to examine a wall flow

filter. From the study, Figure 3 shows an image of the exit face 32 of the filter 30 is taken by

the imaging assembly. The baffle in the form of a mesh 23 is located on the face of the filter

32 and an image taken, this image is not shown. A stream of water particles is introduced

into the inlet of the filter 30 and an image of the baffle 23 located on the exit face of the filter

32 is taken, Figure 4. Shown is the light scattered by the water particles 33. An image

analysis of the last image is performed which is an image of the reflection of the water

particles 34, see Figure 5. The result of the image analysis, Figure 6, is the image of the light



scattered by the water particles 34 is superimposed on the image of the filter face 3 1 without

the baffle located thereon. This allows identification of the defective flow channels.

[0043] Figure 8 is a cutaway view of a portion of a wall flow filter 30 through the center

of a wall flow filter 30. The wall flow filter 30 has a plurality of walls 45 which form flow

passages 39 and 42. Fluid containing particles 33 can be introduced into in-flow passages 39.

Fluid which passes through the walls 45 then passes through exit-passages 42 to the exit-face

32 of the wall flow filter 30. Arrow 38 shows the flow direction of fluid into the wall flow

filter 30. Arrows 44 show the flow of fluid exiting the wall flow filter 30 from the exit face

32. Plugs 43 are disposed at one end of each flow passage 39 and 42. Plugs 43 for the in¬

flow passages 39 are on the right hand side and plugs for the exit passages 42 are on the left

hand side of the drawing. The figure also shows a number of first surfaces 40 of walls 45

(substrate) which are in contact with the in-flow passages 39 and second surfaces 4 1 in

contact with the exit passages 42. Disposed between each pair of first surfaces 40 and second

surfaces 4 1 is a wall 45.

[0044] Figure 9 shows three flow passages 39 and 42 of a wall filter 30. Also shown are

plugs 43, one in-flow passage 39 and two adjacent exit passages 42. First surfaces 40 are

shown in contact with in the in-flow passage 39 and second surfaces 4 1 a e shown in contact

with the exit passages 42. Disposed between the first surfaces 40 and the second surfaces 4 1

are walls 45. Plugs 43 at the end of the flow passages 39 and 42 are shown. Also shown are

a plurality of particles 33 flowing in a fluid into the in-flow passage 39 in the direction as

shown by arrow 38. A defect 46 is shown in one wall 45 through which the plurality of

particles 33 are passing into the exit passage 42. The particles 33 then flow out of the wall

flow filter 30 at the exit face 32 through the baffle 23 in the flow direction shown by arrow

44. The particles 33 would reflect light and identify the passage having a defect 46.

[0045] The preferred embodiment of the present invention has been disclosed. A person

of ordinary skill in the art would realize however, that certain modifications would come

within the teachings of this invention. Therefore, the following claims should be studied to

determine the true scope and content of the invention.

[0046] Any numerical values recited in the above application include all values from the

lower value to the upper value in increments of one unit provided that there is a separation of

at least 2 units between any lower value and any higher value. As an example, if it is stated

that the amount of a component or a value of a process variable such as, for example,

temperature, pressure, time and the like is, for example, from 1 to 90, preferably from 20 to

80, more preferably from 30 to 70, it is intended that values such as 15 to 85, 22 to 68, 43 to

51, 30 to 32 etc. are expressly enumerated in this specification. For values which are less than

one, one unit is considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only

examples of what is specifically intended and all possible combinations of numerical values



between the lowest value and the highest value enumerated are to be considered to be

expressly stated in this application in a similar manner. Unless otherwise stated, all ranges

include both endpoints and all numbers between the endpoints. The use of "about" or

"approximately" in connection with a range applies to both ends of the range. Thus, "about 20

to 30" is intended to cover "about 20 to about 30", inclusive of at least the specified

endpoints. Parts by weight as used herein refers to compositions containing 100 parts by

weight. The disclosures of all articles and references, including patent applications and

publications, are incorporated by reference for all purposes. The term "consisting essentially

of to describe a combination shall include the elements, ingredients, components or steps

identified, and such other elements ingredients, components or steps that do not materially

affect the basic and novel characteristics of the combination. The use of the terms

"comprising" or "including" to describe combinations of elements, ingredients, components

or steps herein also contemplates embodiments that consist essentially of the elements,

ingredients, components or steps. Plural elements, ingredients, components or steps can be

provided by a single integrated element, ingredient, component or step. Alternatively, a single

integrated element, ingredient, component or step might be divided into separate plural

elements, ingredients, components or steps. The disclosure of "a" or "one" to describe an

element, ingredient, component or step is not intended to foreclose additional elements,

ingredients, components or steps.



CLAIMS

What is claimed is:

Claim 1: A system for locating defects in a substrate adapted to separate fluids

having at least two surfaces, a first and a second surface, which are isolated from one another

and wherein the substrates or devices containing the substrates which have an exit point for

fluids passing through the substrate, the system comprising:

a) a particle generator capable of generating particles of a controlled size which

is greater than the size of particles which the substrate is adapted to pass from the first surface

to the second surface;

b) a system for creating a pressure differential between the first and the second

surface of the substrate;

c) a source of diffuse light

d) a baffle having a plurality of flow passages that particles can pass through

e) a closed flow path from the particle generator to the first surface of the

substrate;

wherein the light source is directed in the direction of the second surface of the substrate or

the exit of the substrate, the angle of the direction of the light from the light source and the

baffle are adapted such that no detectable light from the light source directly contacts the first

surface of the substrate or the exit of the device containing the substrate.

Claim 2: A system according to claim 1 which further comprises an imaging

device adapted to capture images of reflected light from particles passing through the first

second surface or the exit of the substrate.

Claim 3: A system according to Claims 1 or 2 which further comprises a

structural member adapted to hold the substrate, particle generator, flow path and baffle in a

chosen alignment with respect to one another.

Claim 4 : A system according to any of the preceding claims wherein the

system further comprises a seal between the flow path and the substrate to isolate the second

surface of the substrate from the particle generator and to maintain the first surface of the

substrate in contact with the flow path such that particles generated by the particle generator

can be contacted with the first surface.

Claim 5: The system according to any of the preceding claims wherein the

system for creating a pressure differential between the first and second surface of the substrate



either increases the pressure in the flow path and thus pressure on the first surface of the

substrate or a system for lowering the pressure on the second surface of the substrate.

Claim 6 : A system according to any one of the preceding claims wherein the

baffle comprises a wire mesh wherein the pattern of the wires create flow passages there

between that particles can pass through.

Claim 7: A system according to any one of the preceding claims wherein the

direction of the light as measured by a line at the center of the light pattern is less than 90

degrees in relation to the plane of the surface or created by the exit of the substrate.

Claim 8: A system according to any one of the preceding claims wherein the

direction of the light as measured by a vector at the center of the light pattern in relation to the

plane of the second surface of the substrate or created by the exit of the device containing

substrate is between about 2 degrees and 85 degrees.

Claim 9 : A system according to anyone of the preceding claims wherein a lens

is located between the light source and the baffle which is adapted to focus the majority of the

light generated by the light source on to the surface of the baffle.

Claim 10: A method of locating leaks in a substrate, having a first and a second

surface wherein the substrate is adapted for preventing the flow of a fluid through the

substrate from the first surface to the second surface or separating components of the fluid, or

a device containing the substrate wherein the process comprises:

a) isolating the first surface from the second surface;

b) creating a pressure differential between the first surface and the second

surface wherein the pressure on the first surface is higher than the pressure on the second

surface;

c) contacting the second surface of the substrate or the exit of the device

containing the substrate with a baffle of a sufficient size to cover the second surface, or the

exit of the device containing the substrate, the baffle having a plurality of flow passages that

particles can pass through;

d) exposing the surface of the baffle to light from a source of diffuse light;

e) contacting the first side of the substrate with a carrying fluid containing

particles of a particle size that the substrate is a designed to retain in the first surface of the

substrate;

f) monitoring the space above the surface of the baffle for the light scattered by

particles that have passed through the substrate.



Claim 11 : A method according to Claim 10 wherein the arrangement of the

interconnected parts of the baffle, the thickness of the baffle in the direction perpendicular to

the plane of the second surface or the exit from the substrate and the angle of a line drawn

through the center of the light rays generated by the light source in relation to a plane created

by the surface of the baffle are chosen such that no direct light rays directly contact the

second surface of the substrate or the exit of the substrate in a manner such that light is

reflected therefrom which prevents identification of particles exiting the substrate or the exit

of the device containing the substrate.

Claim 12: A method according to Claim 10 or 11 wherein the surface of the

baffles is monitored fo the reflection of light by particles that have passed through the

substrate by a system capable of capturing an image.

Claim 13: A method according to anyone of claims 10 to 12 further comprising

passing the light from the light source through a lens located between the light source and the

baffle to focus the majority of the light generated by the light source on to the surface of the

baffle.

Claim 14: A method according to anyone of claims 10 to 1 wherein the

pressure differential across the substrate is created by applying pressure to the first surface of

the substrate.

Claim 15: A method according to anyone of claims 10 to 14 wherein the

pressure differential across the substrate is created by applying a vacuum to the second

surface of the substrate.

Claim 1 : A method according to anyone of claims 10 to 14 wherein the substrate is

a membrane or film.

Claiml7: A method according to anyone of claims 10 to 14 wherein the substrate is a

wall flow filter.

Claim 18: A method according to claim 17 wherein the wall flow filter has two

opposing faces and a honeycomb structure wherein the honeycomb structure establishes flow

passages which pass through the structure in a direction perpendicular to the two opposing

faces wherein at a first face of the Alter every other passage is sealed in a manner that fluid

cannot flow through the sealed passages and at the second face of the filter the passages not

sealed at the first face of the filter are sealed; wherein each passage is sealed at only one face.



Claim 19: A method according to Claim 18 wherein the first surface of the

substrate comprises the walls of the wall flow filter having its flow passages in

communication with the particles wherein the particles are introduced into the wall flow filter

through said passages.

Claim 20: A method according to Claim 18 or 19 wherein the baffle is in

contact with the end of the honeycomb cylinder which has flow passages open which are not

the flow passages to which the particles are introduced.
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