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(57) Abstract: Embodiments of the invention can provide cryogenic treatment processes for diamond abrasive tools. A process
O in accordance with an embodiment of this invention is a cryogenic thermal cycling process for abrasive tools that utilize diamond
@, materials. The process can include introducing an abrasive tool into a cycling chamber, wherein the tool has a temperature of about
N\ ambient temperature: and introducing at least one cryogenic materia! into the cycling chamber, wherein the internal temperature of
the cycling chamber or abrasive too) can be controlled by adjusting the How rate of the at least one cryogenic material. The process
can further include decreasing the temperature of the cycling chamber or abrasive tool to a range from about -80 degrees Fahrenheit
S\ (F) to about -100 degrees F at a rate of about -0.5 to -10 degrees F per minute; and further decreasing the temperature of the cycling
chamber or abrasive tool to a range from about -275 degrees F to about -325 degrees F at a rate of about -0.05 to -0.25 degrees F per
minute. The process can also include increasing the temperature of the cycling chamber or abrasive tool to a range from about -8(1
degrees F to about -100 degrees F at a rate of about 0.05 to 0.25 degrees F per minute; and further increasing the temperature of the
O cycling chamber or abrasive tool to about ambient temperature at a rate of about 0.5 to 10 degrees F per minute, wherein the process

results in a strengthened and toughened abrasive tool. The process can be repeated multiple times.
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CRYOGENIC TREATMENT PROCESS FOR DIAMOND
ABRASIVE TOOLS

RELATED APPLICATION
{0001 This application claims priosity 1o US. Senal No. 61/017,103, enutled
“Crvogenie Treatment Process for Diamond Abrasive Tools”, filed December 27,

2067, the contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION
{00621 This mnvention relates to cryvogenic thermal oveling treatment of hard-
particle based abrasive tools and the hke In particular, ug invention relates 1o

crvogenic treatment processes for diamond abrasive tools.

BACKGROUND OF THE INVENTION

{0003} Abvasive tools that utilize relatively hard particles are known in the art.
These include tools with embedded single crvsial diamonds and polvorystalline
diamonds (PCD). One technique Tor manulactaring abrasive (ools of this type involves
placing the relatively hard particles i a mainx material such as a metal powder or
resin, then compressing and sintering the material onto the swrface of the tool body.
When polvarystalline diamonds are ulilized, the final compressed-and-sintered product
is often referred 1o as a polvaystalline diamond compact (FDC) matenal.  United
States Patent 7,234,550 to Azar relates to a process for manulgcturing drill bit mserts.
Umited States Patent 4,923.457 to deKok relates to a vanant of this manufacturing
process wherein a carrier such as a wire mesh helps secure the relatively hard particles
to the tool body and also serves {o locate the relativelv bard panicles v a desired
patiern,  The “530 Patent to Azar further relates that relatively high temperatures
associated with the sintering process are known to decrease the service ife of both
natural and svnthetic diamonds in such abrasive fools.

{0004] A second technigque for manufacturing abrgsive tools mnvolves
electroplating the relatively hard particles to g tool body metal surface  In this
lechmgue a relatively thin laver of relativelyv hard particles 15 placed onto the melal
surlace, and successive lavers of metal are electroplated onto the substrate and particles

unitl the refatively hard particles are secured.  Abrasive tools manufactured by the
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electroplating {echinique tend to be delicate o thal the relatively hard panticles are
secured onlv by relatively thin layvers of metal. United States Patertt 6,743,479 1o Dirks
relates 0 a process for manufacturing such abrasive tools wherein diamond particles

are secured to a surface via lavers of electroplated chrommam.  Variants of these

5 manufacturing techniques are alse known in the arl.
{0005] Abrasive tools that utilize relatively bhard particles are conmwmonly

emploved as drills, disks, wheels and the {ike for drilling, deburning, grinding, dressing,
polishung, lapping, honing, and rougheming.  Such abrasive lools tvpically reach the
end of their service life when one of the following occurs:  The majority of the
10 relatively hard particles are dislodged and removed from the cutting surface of the tool
thereby decreasing the culting efficiency; or the refatively hard particles on the cutling
surface have fractured and made dull thereby decreasing the cutting efficiency. There
15 g need i the art to provide relgtively hard particle-based abrasive tools that are

resistant o these degradations and as & result have improved service life. In particylar,
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there 1§ a need mn the art to provide umproved service life for abrasive tools that utifize
single erystal and polyervstalline diamond particles,
{0006} Crvogenic thermal cycling i1s known in the art of matenials treatment. and
is often used 1o strengthen and provide increased wear properties of certain articles of
manufactyre.  United States Patent 6,332,325 1o Monfort relates 1o an apparatus and
20 method for strengthening certain articles of manuvfacture through crvogenie thermal
eveling, United States Patent 6,314,743 to Hutchison relates to a crvogenic lempering
process for certain printed circuil-board drill bits.  United States Patent 6,164,079 10
Waldmann relates to crvogenic treatment of cerlain silicon nitride tool and machme
parts. Untted States Patent 5447035 to Workman refates fo orvogenic treatment of
25 cerfain tvpes of brake pads. United States Patent 7.163.395 {0 Watson relates to a
cvogenmic thermal process for {reating cerlain metals o improve  struchwal
characteristics.  United States Patent 7,297 418 also 1o Walson relates 1o crvogenic
thermal cveling treatment of certain carbide matertals conunondy used for cuiting tools,
drils and the like. United States Patent Application 20030047989 to Watson relates to
30 crvogenic treatment of certain diamond materials.
{0007} The “989 Patent Application by Watson relates to a process by which
certain diamond and diamond compact matenals can purportedly he toughened.
Thermal treatment of many materials can produce a matenal with increased fracture

toughness, but at the expense of strength, hardness, and wear propecties — the laiter of
2
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which may be relatively important for abrasive tools. The subject of strength and

fracture toughness is thoroughly discussed mn the text “Strength and Toughness of

Materials™ by Toshiro Kobavashi.

{DDOR] Accordingly, there 15 a need for certain treatments for relatively hard-
5 particle based abrasive teols that provide increased catting performance through

increases in strength, hardness, fracture toughness and wear resistance.  In particular,
there is a need for crvogemic thermal cvcling treatments for diamond-based abrasive
lools that provide increased culting performance and service hile through increasss i
strength, hardness, fracture loughness and wear resistance.
10
SUMMARY OF THE INVENTION
{0009} Embodiments of the mvenbon can address some or all of the above
needs. Certain embodiments of the invention can provide systems and methods for

treating diamond abrasive tools.  Certain other embodiments of the invention can

S
L

provide cryogenic treatment processes for diamond abrasive tools. Other emboduments
of the invention can provide strengthened and hardened abrasive tools.
{0016} One process in accordance with an embodiment of this invention 15 a
cryogenic thermal cveling process for abrasive tools that utilize diamond matenals.
The process can include introducing an abrasive fool into a cveling chamber, wherain
24 the tool has a temperature of about ambient temperature; and introducing at least one
cryogenic material o the cveling chamber, wheremn the internal temperature of the
cvehing chamber or abrasive tool can be controlied by adjusting the flow rate of the at
least one crvogenic matertal.  The process can further nclude decreasing the
temperature of the cvcling chamber or abrasive tool (0 a range from about -80 degrees
25 Fahrepheit (F) to about -100 degrees ¥ at a rate of abowt -0.3 degrees F per minute (o
about -10 degrees F per minude; and further decreasing the temperatare of the cveling
chamber or abrasive tool to 8 range [rom abog 273 degrees F to aboul ~3235 degrees F
at a rate of about ~0.05 degrees F per minute to about ~3.23 degrees F per minute. The
process can also include increasing the temperature of the cveling chamber or abrasive
30 ool 1o a range from aboul -80 degrees F {0 about - 106 degrees F at a rate of about 9.05
degrees F per minute to about 0.25 degrees F per mmute; and further increasing the
temperature of the evaling chamber or abrasive ool to gbout ambient teraperature at a

rate of about 0.3 degrees F per nunute to about 10 degrees ¥ per munute, wherein the
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process results i a strengthened and toughened abrasive tool.. This process can be
repeated multiple times if desired.

{0011} in another embodiment, an abrasive tool can be provided. The abrasive
ool can mclode at least one diamond-based material, whevein the abrasive tool 1g
formed by a process that can include mtroducing the abrasive tool nte a evcling
chamber, wherein the tool has a temperature of about ambient temperature, and
introducing at least one crvogenic material mto the cyvcling chamber, wherein the
mtemnal temperature of the oveling chamber or abrasive tool can be controfled by
adjusting the fow rate of the at least one arvogenic material.  The process can also
include decreasing the temperature of the cveling chamber or abrasive tool from
ambient temperature to & range from about -80 degrees Fahrenheit (F) to about -1080
degrees F at a rate of about -0.5 degrees F per munuie to about -10 degrees F per
minute, and further decreasing the temperature of the cycling chamber ov abrasive tool
o & range from about ~275 degrees F {0 about -325 degrees F at a rate of abowt ~0.05
deprees F per minote to about -0.23 degrees ¥ per nmunute. The process can also
include increasing the temperature of the cveling chamber or abrasive tool to a range
fromabout -80 degrees F o about -100 degrees F at a rate of about .05 degrees ¥ per
nmunute to about 8.23 degrees F per munute, and further ncreasing the temperature of
the cvcling chamber or abrasive (ool to about ambient temperature at a rate of about 0.3
degrees F per minute to about 10 degrees F per minute.

{612} In another embodiment, a process to treal an abrasive tool using at least
one crvogenic material in a evehing chamber can be provided. The process can include
decreasing the temperature of the ovcling chamber or abrasive tool from ambient
lemperaiurg 1o a range from about -80 degress Fahrenhait {F) to about 100 degrees F
at a rate of abowt -0.5 degrees F per munute to about ~10 degrees F per nunute. The
process can further include further decreasing the temperature of the cveling chamber
or abrasive tool 1o a range from about -275 degrees F {0 about -325 degrees F at a rale
of about -0.035 degrees F per mimuae to aboul -0.23 degrees F per runute. In addition,
the process can include incregsing the temperature of the cycling chamber or abrasive
tool to a range {rom aboul -80 degress F to about <104 degrees F at a rate of about 6.05
degrees F per minute (o about $.25 degrees F per minute, Furthermore, the process can
include ncreasing the temperature of the cveling chamber or abrasive tool 1o abowt
ambient temperature at a rate of about 0.5 degrees F per nunuta to about 10 degrees F

per minute, and resufling i a sirengthened and toughened abrasive tool.
4
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{0013} Diamond-based abrasive tools treated by the crvogenic thermal cyeling
process in accordance with g certain embodiment of the invention can exhibat improved
pecformance and service life during comparison testing agamnst watreated tools and
tools treated using convenlional thermal cvcling processes.

{0014} Accordingly, it 1% an aspect of an embodiment of the inverdion to provide
a process for treating abrasive tools that utilize dramond matenials,

[6015] Another aspect of an embodunent of the invention can provide dianond-
based abrastye tools that have improved service hife and cutling performance.

{0016} Another aspect of an embodiment of the myvenbion can provide diamond-
based abrasive tools whergin the digmond particles are better-adhered or betier-secured
to the ool body.

{0017} Another aspect of an embodiment of the invention can provide diamond-
based gbrasive tools wherein the strength and toughness of the diamond particles are
iproved.

[0018] Another aspect of an embodument of the invention can provide diamond-
based abrasive tools wherein sintering-induced strength and fracture toughness
degradations of the diamond particles are undone.

JH19] Other aspects, features, and embodiments of the invertion will become

apparent upon a reading of the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
{0020] FIG. 1 is an example system to treat an abrasive tool using a cveling
chamber according to an embodiment of the invention.
{0021} FIG. 2 15 an example abrasive tool according to an embodiment of the
imvenbion.
{00221 FIG. 3 15 an example process to treat an gbrasive tool using a cycling
chamber according to an embodiment of the invention.
{0823 FIG 4 18 a first comparison of one embodument of the invention, the
Cvele 117, with particular evcles from the Watson “989 Application,
{0024] FIG & is a second comparison of another embodiment of the mvention,
the Cycle 117, with particular eveles from the Watson 989 Application.
{0025} FIG 615 a comparison of another embodiment of the invention, the Cydle

117 with one particular cvele from the Monfort “3235 Patent.
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{0026} FIG 7 1s a comparison of an embodiment of the tnvention, the Cyele 117,

with another embodiment of the invention, the Cyele 101

{00274 FIG B 1s a detailed diagran: of an embodiment of the invention, the Cydle
117
{628} FIG 9 is a fivst comparison of treatment rates ased within an embodiment

of the invention, the Cycle 117, the Watson "989 ¢ycle, the Monfort 325 cvele, and the
Cycle 101 10 accordance with another embodiment of the mvention.

{0029} FIG 10 15 a second companson of treatment sates used within an
ernbodiment of the invention, the Cyole 117, the Waitson “989 cvcle, the Monfort “323
cyele, and the Cycle 101 in accordance with another embodiment of the mvention,
{0830} FIG 11 15 a comparison of treatment rates used within an embodiment of
the invention, the Cycle 117, the Walson "98¢ cyvcle, and the Monfort 323 ¢vele also
showing particular treatment rates according to an embodiment of the invention.

{0031} FI1G 12 is g comparison of freatment rates used within the Waitson “98%
cvele and the Monfort “3238 cvele, and also showing parlicular treatment rates of an

embodiment of the invention,

DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION
{0032] The mvention now will be described more fully heremafter with
reference fo the accompanying drawings, m which embodiments of the invention are
shown,  This nvention mav, however. be embodied in many different forms and
should not be construed ag limited o the embodiments set forth herain, rather, these
embodiments are provided so that this disclosure will be thorough and complete, and

will convey the scope of the invention. Like numbers refer to like elements

throughout.
{06334 As vsed heren, the term “abrasive tool™ and its pluralized form should be

construed to mean a diamond-tipped drill bit, a diamond core drill, a diamond-based
saw blade, diamond-based scissors, a diamond-based grinding wheel, a diamond-based
cutoff wheel, a diamond-based abrasive blade, a segmented rim diamond abrasive
blade, a continuous nm diamond abrasive blade, diamond-based abrasive tooling, and
any other relatively sharp tool utitizing at least one diamond-based material.

{0034} As used herein, the terms “eveling chamber™, “chamber”, and “crvogenic

treatment system cveling chamber™, and thenr respective pluralized lorms should be

G
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construed to mean a container associated with a crvogenic-tvpe svstem, wherem the
container is operable o recetve an gbrasive tool.
{0035] As used herein, the term “diamiond abrasive tool™ and its pluralized form
should be construad to mean an abrasive lool that includes at least one diamond-based
5 material.
{0036] As used herein, the term “ambient temperature” should be construed fo
mean room lemperature.
{0037} As used herein, the term “orvogenic material™ should be construed to
mean oxyvgen, hbelium, argon, hydrogen. nitrogen, and any combination thereof
10 {0038} As used herem, the term “computer-readable medium™ should be
constreed (o mean any form of memory or a propagated signal ransmission medizam.
Propagated signals vepresenting data and computer-executable mstructions can be
transferred between processor-hased devices and svstems,

{0039} FIG. 1 15 an example system to treat an abrasive tool using a cvcling

S
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chamber according to an embodiment of the invention. Referring to FIG. 1, a svstem
100 can inchude a cvehing chamber 102, wherein an abrasive ool such as 200 FIG.
2, can be introduced. The system can include at least one valve 104 through which at
least one crvogenic material 106 can be mtroduced into the cycling chamber 102,
wherein the temperature of the chamber 102 can be increased or decreased depending
20 o whether the valve 104 1s open or closed. In at feast one embodiment, other
crvogenic materials may be introduced into the chamber 102 to mcerease or decrease
the temperature of the chamber 102, In other embodiments, the chamber 602 can be a
multi-walled insidated chamber, a vacuum chamber, or a vacuum-insulated chamber.
[0640] As shown in FIG. 1, the system 100 can also include a heat exchanger
25 108 positioned within the chamber 102 to generate at least one cryvogenic vapor within
the chamber 102, When the crvogenic material 106 i3 released into the heat exchanger
148, heat can be absorbed from the chamber 102 and into the heat exchanger 108,
wherein & cryogenic vapor can be generated to fill the chamber 102, Examples of
suitable cryogenic vapors can include, but are not limited {o, oxyvgen, helium, argon,
30 hydrogen, mitrogen, and any combination thereof. The svsiem 100 can also include at
least one processor 110 operable to control wtroduction of at least one crvogenic
materigl 106 vig the at least one valve 104, An example of a suitable valve s a
solenoid-operated valve. In the embodiment shown, one or more thermocouples 112,

114 located within the chamber 102 can provide real-time lemperature measurement of
7
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the chamber 102, and feedback to the al least one processor 110, Utilizing the
feedback, the at least one processor 114 can follow a pre-programmed profile including
temperature targels and rates. Example pre-programimed profiles can include, but are
aot himited 1o, an sutial descent portion, an intermediate descent porlion, a treatment

5 descent portion. a freatment hold or soak portion, a trealment ascert portion. an
intermediate ascent portion, a final ascent portion. a repeated portion, and any
combination thereof  Any number of pre-progranuned prolifes can be stored in a
memory 116 associated with or otherwise accessible by the at least one processor 110
One may appreciale that any tool placed in the chamber 102 will track the temperature

10 of the chamber 102, and that the temperature of the tool will slightly lag the
temperature of the chamber 102, In any instance, certain embodiments of the invention
herein can wtilize either the temperature of the ool or of the chamber 102 to implement
the various processes descrtbed herein.

{0041} Embodiments of a system, such as 100, can facilitate certan crvogenic

S
L

Ireatment processes for diamond abrasive tools. Furthermore, certam embodiments of
a svstem, such ag 100, can facihitate a process o treat an abrasive tool using a8 cycling
chamber. An example abrasive tool provided by a system, such as 100, 1s shown as
200 in F1G. 2. Example operations of a svstem, such as 100 of FIG. {1, and s various
components as well as assoctated methods and processes are described by reference to
20 FlGs. 3-12.
{0042] FIG. 2 is an example abrasive tool according to an embodiment of the
mvention. As shown in FIG. 2, an abrasive tool 200 can be, for example, a continuous
rim diamond blade. Generally, an abrasive tool can include at least one diamond-based
materigl.  In other embodiments, an abrasive ool can include. but is not fimited {o,
25 diamond-tipped diill bus, diamond core drills, diamond-based saw blades, diamond-
based scissors, diamond-based grinding wheels, diamond-based cuotoff wheels,
diamond-based abrasive blades, segmented rim diamond asbrasive blades, diamond-
based abrasive tooling, and any other relatively sharp tool utihzing at least one
diamond-based material.
30 {0043} FIG. 3 18 an example process {o treal an abrasive tool using a cveling
chamber according to an embodiment of the ipvention. In the embodiment shown in
FIG. 3, the process 300 can begin at block 302,
{0044 At block 302, an abrasive tool can be introduced into a cvcling chamber,

wharein the tool has a temaperature of about ambient temperature.
S
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{0045] In one aspect of an embodiment. ntroducing an abrasive tool into a
cveling chamber can include mtroducing an abrasive tool comprising at least one

diamond-based matenal.

j0i46] Block 302 s followed by Bock 304, i which at least one crvogenic
5 material can be introduced mito the cveling chamber, wherein the intewnal temperature

of the cyeling chamber or abrasive tool can be controlled by adjusting the flow rate of

the at {east one crvogenic material.

{0047} Block 304 is followed by block 306, in which the temperature of the

cveling chamber or abrasive tool 15 decreased to a range from about -80 degrees
10 Fahrenheit {F} to about -100 degrees ¥ at a rate of about -0.3 degrees F per munute to

aboui -10 degrees F per minute.

{0048} Block 306 is followed by block 308, in which the temperature of the
cyvcling chamber or abrasive tool is further decreased to a range from about -275

degrees F 1o about -323 degrees F at a rate of about -00.05 degrees F per minute to about

S
L

-0.25 degrees F per minuie.

{0049} In one aspect of an embodiment, further decreasing the temperature of

the cveling chamber or abrasive tool {0 a range from about -275 degrees F to about -

325 degrees ¥ can melude decreasing the temperature at a rate of about -0.16 degrees ¥

per mimate {o about ~0.20 degrees F per minute.

20 {8030] Block 308 15 followed by block 310, in wiuch the temperature of the
cycling chamber or abrasive tool is increased 1o a range from about -80 degrees F 1o
about - 14} degrees ¥ at a rate of about 8.05 degrees F per nunute to about (.23 degrees
F per minute.

{0051} In one aspect of an embodiment, increasing the temperature of the

25 cveling chamber or abrasive tool to about -80 degrees ¥ to about ~100 deprees F can
inchude increasing the temperature at a rate of about (.10 degrees per minute {0 about
.20 degrees F per minute.

{0052] Block 310 15 followed by block 312, in which the temperature of the
cveling chamber or abrasive tool 1s further increased 1o about ambient temperature al a

30 rate of about 0.5 degrees F per minule to about 10 degrees F per minute, and resulting

in a strengthened and toughened abrasive tool.

{0053 In one aspect of an embodinment, the process can include maintaining the

temperature of the cvcling chamber or abrasive tool in range from about <275 degrees F

to about -323 degrees F for abowt 0.1 houss to about 24 howrs.
9
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{00541 In one aspect of an embodiment, the process can mclude maintaiming the
temperatwre of the cychng chamber or abrastve tool in a range from about ~275 degrees

F to about ~323 degrees F for about 17 hows.

{DOSS In one aspect of an embodiment, the process can mclhude decreasing the
5 temperature of the cveling chamber or abrasive tool from ambient temperature to abowt

-1 degrees Fahrenhett (F) at a rate of about -1.0 degrees F per minute; further
decreasing the temperatwye of the cvching chamber or abrasive tool {o about -190
degraes F at a rate of about -0.2 degress F per minute; maintaining the temperature of
the cvehing chamber or abrasive tool at about -280 degrees F for about 17 hours;
10 increasing the temperature of the cvcling chamber or abrasive tool to about -190
degrees F at a rale of about 0.1 degrees F per munute; and fwther mereasing the
temperature of the cyching chamber or abrasive tool to abowt -10 degrees F at a rate of
about 0.5 degrees F per nunute.
{0056} After block 310, the method 300 ends.

{0057} The example elements of FIG. 3 are shown by way of example, and other
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process embodiments can have fewer or greater numbers of elements, and such
glemenis can be arranged in aliemative configurations i accordance with other
embodiments of the mvention. I will be understood that each block of the block
diagrams and floyechart iflustrations, and combinations of blocks in the block diagrams
20 and flowchart tlustrations, respectively, can be implemented by computer program
mstructions.  These computer program instructions may be loaded onie a general
purpose computer, special purpose computer such as a switch, a processor or special
purpose processor, or other programmable data processing apparatus o produce a
machine, such that the mstructions which execute on the computer or other
25 programmable data processing apparatus create means for implementing the fonctions
specified in the flovechart block or blocks.
{S8] These computer program instructions may also be stored in a compnger-
readable memory that can direct a computer or other programmable data processing
apparatus to function in a pacticular manner, such that the instructions stored in the
30 computer-readable memory prodece an article of manuofacture meloding mstruction
means that implement the function specified in the flowchart block or blocks. The
computer program instructions may  alse be losded onto a computer or other
programmable data processing apparatus to cause a series of operational elements or

steps {0 be performed on the computer or other programmable apparatus to produce a
10
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computer implemented process such that the instructions thal execute on the computer
or other programumable apparatus provide elements for umplementing the functions

specified in the flowchart block or blocks.

{0059 Accordingly, blocks of the block diagrams and flowchart liustrations
5 support combmations of means for performing the specifiad functions, combinations of

elements or steps for perfornung the specified {functions and program instruction means
for perfornmung the specified functions, It will also be understood that each block of the
block diagrams and fowchart iHustrations, and combinations of blocks i the block
diagrams and flowchart tHustrations, can be implemented by special purpose hardware-
160 based computer svstems that perform the specified functions, eclements, or
combinations of special purpose hardware and computer instructions.
{0060} Referning to FIGs. 4 - 12, these diagrams dlustrate various embodiments
of ervogenic freatment processes for g diamond abrasive tool as well as companisons to

conventional processes. Some or all of the usirated processes mn FIGs. 4 - 12

S
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according to various embodiments of the wmvention can be implemented with a svstem
shown as 100 1 FIG 1. Some or all of the llustrated processes in FIGs. 4 - 12
according to various embodiments of the invention can provide an abrastve ool shown
as 200 i FIG. 2.
LY FIG 4 15 a first comparnison of the Cycle 117 with cryogenic eveles from
20 the Watson "989 Application. In coutrast to the Watson “989 Application process, the
Cycle 117 can include a treatment hold or soak portion at the end of an ninal
lemperatire descent. The Cyele 117 400 15 one embodiment of the invention. The
Cycle 117 400 can include placing or introducing an abrasive tool, such as a diamond
abrasive tool. within a cveling chamber of a crvogenic treatment svstem, such as 100
25 FIG. 1, and implementing the following temperature cycle: Lowenng the temperature
withi the eveling chamber or abrasive ool 1o aboot -10 degress F at a rate of about -1
degreas F per minute, further lowenng the temperatare 1o about <100 degrees F af a vate
of about ~0.5 degrees F per nunute, further lowering the tenperature to about ~190
degrees F at a rate of about -0.2 degress F per minuite, further lowering the temperature
30 lo about -280 degrees F at a rate of aboul ~0.1 degress F per minule, holding
temperature at about -280 degrees F for aboul 17 howrs, raising the temperature to
about ~190 degrees F at g rate of about +0.1 degrees F per nunute, Turther raising the
temperature to about -100 degrees F at a rate of about +0.2 degress F per munute,

further ratsing the temperature to aboul -10 degrees F ai a rate of about 0.5 degress F
11
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per minute, then rassing the temperature to ambient temperature at a rate of about +1
degrees F per nunute.
{00621 As used heremn, references o increasing or decreasing certain

temperatures within the ovcling chamber should be construed 10 mean increasing or

5 decreasing lemperatures of anv articles introduced into the cvcling chamber.
{0063] According 1o embodiments of the invention, certain crvogenic freatments

with extremely low rates of increasing or decreasing temperature change can have a
beneficial effect on the performance of diamond-based abrasive tools. Further, cerlain
ranges of temperatures for these relatively low rates of tlemperalure change can be from
160 about -80 degrees F to about -300 degrees ¥ Referring again to FIG. 4 Cycle 402
from Walson “989 has temperature rates thal range from about +/-0.23 degrees F per
minute {number 402 m FIG. 4) to about +4-2() degrees F per minute {number 404 m
FIG. 4). These rates of temperature change are conventional and are not nearly as slow

as the abhout 0.1 degrees F 1o about (0.2 degrees F per munute rates within an

S
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embodiment of the invention shown as 400,

{0064} FIG. § i3 a second comparison of the Cyele 117 400 with evcles 402 and

404 from the Watson “98% Application. In FIG. 3, the timescale 500 15 expanded to

show the detads of cvele 404 that has about +/-20 degrees F per minute temperature

ramps.

260 {0065} FIG. 6 s a companson of the Cyele 117 400 with a cycle 600 [rom the
Monfort “325 Patent. The cvele 600 of the Monfort *325 Patent has temperature ramps
of about -5 degrees F and abowt +35 degrees F per minute. The Monfort “325 Patent
relates to temperature ramps as slow as 0.1 degrees F per minute duaring crvogenic
processing. However, the Monfort “325 does not appear to relate o relatively slower

25 temperature ramps compared to more rapid temperature ramps for particular matentals
or articles of treatment. Furthermore, the Monfort “325 Patent does nol appear to relate
to lreatment of diamond malenals, diamond-based malenals, diamond-based abrasive
tools, or diamond abrasive tools.

{0066] FI1G. 7 13 a comparison of the Cyele 117 {element 400 in FIG. 7) with the

30 Cycle 107 {element 700 m FIG. 7). Cycle 101 700 can be used 1o crvogenically ireat,

for example, aluminum oxide or zirconia alamna materials including grinding wheels

and cutoff wheels, Cycle 101 700 can include placing or introducing an article within

a cveling chamber of a cryvopenic treatment system such as 1Y in FIG. 1, then

implementing the following temperature cveler Lowering the {emperature within the
12
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cveling chamber or abrasive tool to about 275 degrees F at a rate of about -2 degrees F

per nunute, raising the lemperature to about ~80 degrees F at a rate of about +3 degrees
F per minute, lowering the temperature to about <275 degrees F at a rate of about -

degrees F per minute, raising the temperature to about -840 degrees F at a rate of about

5 +3 degrees F per punute, lowering the lemperature to abowt <275 degrees F at a rate of

about -2 degrees F per nunute. raising the temperature to about -80 degrees F at a rate

of about +3 degrees F per minute, lowering the temperature to about -275 degrees F at

a rate of about -2 degrees F per nunute, holding temperature at about -273 degrees F

for about 4 hours, then rarsing the temperature to +2735 degrees F al a rate of about +3

10 degrees F per nunute, In an example below, comparison of both the Cyele 101 700 and

Cvele 117 400 can iHlustrate a benelicial eflect on the strength and performance of
diamond-~based cutting tools, with the Cvele 117 400 providing relatively better results.

{0067] FIG. 8 15 a detailed diagram of another embodiment of the Cyele 117 800

according 1o an embodiment of the mvention,  As shown in FIG. &, cvcle 800 s

S
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comprised of an imtial descent portion 802, a treatment desceni portion 804, a
freatment hold or soak portion 806, a treatment ascent portion 808, and a final ascent
portion 810, The smtial descent portion 802 or mmtial temperature descent for
cryogenic freatment purposes can  generally wprove performance when the
temperature 1s betereen about -8 degrees F and about -10¢ degrees F. Temperatuse
20 rales for an initial descent portion, such as 802, can range between about -0.3 degrees F
to about -10 degrees F per nunwte, with about 0.5 degrees F 1o about -1 degrees F per
minule i1 a certain embodiment of the mvention. Note that temperatwe descents of
about -10 degress F per mumute or relatively faster mav need excessive vse of
crvogenic coolant within a crvogemic (reatment svstem, such as 100 in FIG L
25 Temperature rates for a treatment descent portion, such as 804, can be about .03
degrees F o about -0.25 degrees F per minute, with about -4.1 degrees F Lo about 0.2
degrees F per minute for a certain embodiment of the invention.  Final temperature for
a treatiment descent portion, such as 804, can be about -275 degrees F to -320 deprees
F. with -280 degrees F for a certain embodiment of the invention. Duration of a
30 treatment hold or soak portion, such as 806, can be from about 6.1 howrs to about 24
howrs, with about 17 houss for a certain embodiment of the mveniion. A freatment
hold or soak portion, such as 806, can also be omitted from the cvele 800 in certain
embodiments. Temperature rates for a treatment ascent portion, such as 80¥, can be

about 0.4 degrees F {o about +0.25 degress ¥ per nunaig, with abowt +0.1 degrees F 1o
13
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about +0.2 degrees F peor munute for a certain embodiment of the invention.
Temperature rates for a final ascent portion, such as $10, can range between about +0.3
degrees F to about + 10 degrees F per minute, with about +0.5 degrees F to about +1
degrees F per nunute for & certain embodiment of the mvention. Cyele 800 can be

5 repeated multiple times with or without a treatment hold or soak portion, such as §06.
Crvogenic freatment according to the cvele 800 shown m FIG. 8 can provide a process
for crvogenicaily ireating abrasive tools that utilize diantond matenals wherein
improved performance and service life can be achieved. In certain instances, the
diamond particles associated with such tools and materials can be better-adhered or

10 better-secured to the tool body and the strength and toughness of the diamond particles
can be improved. Cryogenic treatment according to the cvele 809 shown in FIG. 8 can,
n certam Instances, reverse or undo the sinlering-induced strength and fracture
toughness degradations of the diamond particles.

{0068} Certam embodiments can also provide improved culting performance for

S
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reated diamond core drifls. For example, catting performance of unireated diamond
core drills have been compared to diamond core drills treated with Cyele 101, shown
as 700 i FIG. 7, and other diamond core drills treated with Cyele 117, shown as 400 in
FIG. 7. In one instance, more than ten drills of each type were tested. The unireated
core drills cut an average of 35.2 holes before tool force for additional holes became
20 excessive. Average time to cut the first 10 holes was about 8.08 seconds. The core
drifls treated with Cyele 101 700 cut an average of 48.4 holes before tool Torce became
excessive. This is a hife improvement of abowt 37.5% comparad to the untreated core
drifls. Average tune to cut the first 1€} holes decreased to about 6.46 seconds, a speed

S0

improvement of about 25% compared to the untreated core dnlls. The core dnlis

25 treated with Cycle 117 400 cot an average of 58.2 holes before tool force became
excessive. This is a life improvement of about 65.3% compared to the untreated core
dritle, and an improvement of aboul 27 8% comparad to the drills treated with Cycle
101 700, Average time to cut the first 10 holes decreased to 6.23 seconds, a speed
mprovement of about 29.8% compared to the untreated core drills and about a 5%

30 improvement compared to the dnlls treated with Cvcle 101 706, Based on the
foregoing example, one may observe thal certain embodiments of the mvention can
offer certain improvements over other treatment processes.
{0069] Certain embodiments of the invention can also provide improved cutting

performance for diamond abrasive blades.  In some instances, performance of such
14
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blades can be described using an “indexed score™ comparison that provides a rating for
cutting performance n refative terms of diamond blade wear and speed of cut. For
example, the indexed scores for nmreated approximately four-incl diameter continuous
rum diamond abrasive blades have been compared to indexed scores for diamond
abrasive blades trealed with Cycle 117, such as 800 1in FIG & In one instance, at least
four blades of each type were tested lor cutting marble and porcelain. The untreated
abrasive blades recerved an indexed score of about 1.00 based upon test results. The
abrasive blades treated with Cyele 117 30 received an ndexed score of gbout 1.12. In
another mstance, mdexed scores were detevmined lor approximately  seven-inch
diameter segmented nim diamond gbrasive hlades. Indexed scores were determined
based upon testing of at feast four untreated blades and at least four blades treated with
Cvele 117 800, The untreated blades obfained an indexed score of about 0.96. The
blades trealed with Cycle 117 400 obtained an indexed score of about £.08. Based on
the foregoing example, one may observe that certain embodimenis of the invention can
offer certain umprovements over other ireatmery processes.

{0070} FI1G. 9 15 a fust comparison of treatment rates used within the Cyvele 117
900 1y accordance with an embodiment of the invention, the Watson “989 cvele 902,
the Monfort “325 cyvcle 904, and the Cycle 101 906 i accordance with another
embodiment of the invention. The Monfort “323 Patent relales {o {emperature rates
908 that vary between about 0.1 degrees F and about 100 degrees F per minute. The
Watson “989 Application relates to rates that vary between abount 0.25 degrees F and
about 20 deprees F per minute, where FIG. 9 shows a region 910 of minimal effect that
comprises {emperature rates that vary between 3 and about 20 degrees F per minute.
FIG. 9 shows a region 912 of moderate effect associated with Cyele 101 906 that vanes
between about 2 degrees F and about 3 degrees ¥ per minute, and a region 914 of
strongest effect associated with Cyele 117 900 that varies between about 0.1 degress F
and about 1 degrees F per munute. Regions 918, 912 and 914 are defined based upon
the results of treatments according to certam emboduments of the invention. Note that
the treatment rate 916 of the Monfort *325 Patent, or about 5 degrees F per minute is in
the region 91{ of mimimal effect similar to the Watson “989 Application. Although not
shown, the “079 Patent fo Waldmann relates to temperature rates that are about 0.3
degrees F per munwte and relatively wore rapid rates.

{0071 FIG. 1013 a second comparison of treatment rates used within the Cydle

117 900 in accordance with an embodimient of the invention, the Watson "98% cvcle
15
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902, the Monfort “325 cvcle 904, and the Cycle 101 906 in accordance with another
expanded view to show more detail for temperature rates between about 0 and about
3.5 degrees F per nunute. Note that the region 914 of relatively strongest effeet has a
5 portion between about 0.1 degrees F per minute and about .25 degrees F per nunuie
that 1s outside the respective regions 908, 210 shown respectively by the Monfort “325
Patent and Watson "989 Application.
{0072} FIG. 11 15 a further comparison of treatment rates used within the Cycle
117 900, the Watson 989 evcle 902, and the Monfort *323 cycle 904 also showing the
10 treatment rates 1100 of an embodiment of the invention. Region 1100 falls at the
lower end of the strongest effect region Y14
{08073} FIG. 12 13 a comparison of treatment rates used within the Watson “989
cycle Y02 and the Monfort “325 cvele 904 also showing the treatment rates 1200, 1202

of a second embodiment 1204 of the invention. Region 1200 falls at the lower end of
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the strongest effect region 1202, wherain region 1200 can be characterized by
freatment rates at approximately .01 degrees F per winute to approximalely .23
degrees F per nunute. and the strongest effect region 1202 can be characterized by
treatment rates at approximately 0.1 degrees ¥ per minute 10 approximately 1.0 degrees
F per minute.
26 {0074 Regions 1100, 1200, and 1202 of the embodiments of (he invention
shown in FIGs. 11 and 12 respectivelv are both cutside the rates associated with the
Watson 989 Application, vet these regions 1100, 1200 can provide improved
performance resulis for diamond materials including abrasive tooling.  Although
emperatwre rates as sfow as about 0.1 degrees F per nunude are shown by the Monfort
23 325 Patent. the Monfort *325 Patent does not relate to the trestment of diamond
materials nor does the reference contemplate that treatment rates less than about 0.25
degreas T per minute can be effective for diamond-based matenials. In this regard,
certain embodiments of the invention provide tmprovements i crvogenic processing of
cartain materials,
30 [0075] Many modifications and other embodiments of the mventions set forth
herein will come to mind to one skilled in the art (o which these mventions pertain
having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings., Therefore, it is to be understood that the inventions are not to be

limided to the specific embodiments disclosed and that wedifications and other
16
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ernbodiments are witended to be mcluded within the scope of the appended clasms.
Although specific terms gre emploved herein, they are used in a generic and descriptive

sense only and not for purposes of lunitation.

17
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CLAIMS
The claimed invention is:

i A process to treat an abrasive tool using a cyching chamber, the process
COmprising:

5 {a} mtroducing an abrastve ool into a cvchng chamber, wherein the tool has a

ternperature of about ambient temperature;

(by mntroducing at least one cryogenie material mto the eveling chamber, wherein
the mtemal temperature of the ovcling chamber or abrasive tool can be controlled by
adjusting the flow rate of the at least one crvogenic material;

10 {¢) decreasing the ternperature of the cyching chamber or abrasive tool to arange
fromm about -8 degrees Fahrenhett (F) to about -100 degrees F at a rate of sbout -0.5
degrees F per minute to about ~10 degrees F per minute;

(d) further decreasing the temperature of the cycling chamber or abrasive 1ool 1o

a range from about -273 degrees F to about -323 degrees F at a rate of about -0.03

S
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degrees F per munute to about -0.23 degrees ¥ per minute;

{e) increasing the temperature of the cycling chamber or abrasive tool to a range
from about -80 deprees ¥ o about
-100 degrees ¥ at a rate of about 0.05 degrees F per minule to about 0.25 degress F per
minute; and
20 (I} forther mcreasing the temperature of the cveling chamber or abrasive tool to

about ambient temperature at a rate of about 0.3 degrees ¥ to about 10 degrees F, and
resulting i a strengthened and toughened abrasive tool.
2. The process of claim 1, fasther compasing (d1) mamtaiming the
emperatwre of the eveling chamber or abrasive tool i a range from about <275 degrees
25 F to about ~325 degrees F for about 0.1 hours to about 24 hours.
3. The process of claim 1. further compusing (d1) mamtainmyg the
temperature of the cycling chamber or abrasive tool m a range from aboul 273 degreas
F to about -325 degrees F for about 17 hours.
4., The process of claim 2, wherein elements (¢}, {d}, (d1)}, (&), and {0} are
30 repeated at least once.
3. The process of claim 1. wherein introducing an abrasive tool mio a
cveling chamber, comprises introducing an abrasive tool comprising at least one

diamond-based matenal.

18
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6. The process of claim 1, wherem further decreasing the temperature of
the oveling chamber or abrgsive tool to a range from about -275 degrees F o about -
323 degrees F comprises a rate of about -0.10 degrees F per minute to about -0.2¢
degreas F par nunute.
5 7. The process of claim 1, wheremn incressmg the temperatwe of the
cyvcling chamber or abrasive tool to a range [rom about -80 degrees F to about -100

degrees F comprises a rate of about 0.10 degrees per minute to about 0.20 degrees F

per minule.

8. The process of claint 1, wherein elements {(¢) through (f) are repeated.
10 9. The process of claim 1, further comprising:

(b1} decreasing the lemperature of the eveling chamber or abrasive tool from
ambient lemperature fo about -10 degrees Fabrenheit (F) at a rate of about -1.0 degrees
F per munute;

{cl) further decreasing the temperature of the cyvcling chamber or abrasive tool

13 loy about - 198 degrees F at a rate of abouat -0.2 degrees F per munute;
{d1} mainlaining the temperature of the cycling chamber or abrasive ool at
about -280 degrees F for about 17 hours.
(d2) mereasing the temperature of the evcling chamber or abrasive tool to about
-190 degrees F af a rate of about 0.1 degrees F per minute; and
20 {el} further increasing the temperature of the cyching chamber or abrasive tool
to about - 10 degrees F at a rate of about (0.5 degrees F per minute.
10, An abrasive tool comprising:
at least one diamond-based matenial, wherem the abrasive tool is formed by a
process comprising:
25 {a) introducing the abrasive tool into a cycling chamber, wherein the tool
has a temperature of about ambient temperature;

(b)Y Introducing at least one crvogenic material into the cycling chamber,
wherein the imernal temperature of the chamber or abrasive tool can be controlled by
adjusting the flow rate of the at least one crvogenic material;

30 () decreasing the lemperature of the cveling chamber or abrasive tool

from ambient temperature 1o a range from aboul -80 degrees Fahrenhert (F) to about -
100 degrees F at a rate of about 0.5 degrees F per nunute to about -10 degrees F per

ninute;

14
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(dy further decreasing the temperature of the cycling chamber or abrasive
tool to a range from gbout -275 degrees F to about -325 degrees F at a rate of about -
(.03 degrees F per minute to about -0.25 degrees F per nunute;
{2} mcreasing the temperature of the cyeling chamber or abrasive ool to a
5 range from ahout -80 degrees F 1o about ~10¢ degrees F at a rate of about 0.05 degrees
F per nunute to about .25 deglees F per minute; and
(1) further increasing the temperature of the ovcling chamber or abrasive
ool 10 abouwt ambient temperature &t & rate of about 1.3 degrees F per minute to about
10 degrees F per minute.
10 11, The abrasive tool of claim 3, wheremn the process further comprises
(1) mamtaining the temperature of the ovcling chamber or abrasive teol i a range
from about -275 degrees F to about -325 degrees F for about 0.1 hours to about 24
hours.

12, The abrasive tool of claim {0, wherein the process further comprises

S
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{d1) mamtaining the temperature of the cyvehing chamber or abrasive tool i a range
from about ~275 degrees F to abowt -323 degrees F for about 17 hours,
13, The abrasive tool of claim . wherain elements (o). {d), (d1}, {e), and
{f) are repeated at least once.
14, The abrasive tool of claim 10, wherein introducing an abrasive tool into
20 a cychng chamber, comprises ntroducing an abrasive tool compnising at least one
diamond-based matertal.
15,  The abrasive tool of claim 10, wherein further decreasing the
temperatwre of the evcling chamber or abrasive tool fo a range from about -275 degrees
F 1o about -325 degrees F compnises a rate of about ~0. 10 degrees F per munute to about
25 03,20 degrees F per minute,
16, The abrasive lool of claim 10, wherein increasing the lemperature of the
cycling chamber or abrasive tool to a range from aboul -80 degrees F Lo aboul -100
degrees F comprises a rate of about 0.10 degrees F per minute to about 0,20 degrees F
per minule.
30 17.  The abrasive tool of claim 18, wheremn elements (¢} through (f) are
repeated.

18 The process of claim 10, Turther comyprising:
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{b1) decreasing the temperature of the cyching chamber or abrasive tool
frony ambient temperature to about ~10 degrees Fahrenheit (F) at a rate of abowt -1.0
degrees F per munute;
{¢c1) further decreasing the temperature of the cvcling chamber or
5 abrasive tool to about «190 degrees F at a rate of about ~0.2 degrees F per nunute;
{d1) maintaiming the temperature of the cvcling chamber or gbrasive tool
at about 280 degrees F for about 17 hours;
{d2) mereasing the temperatwe of the cyveling chamber or abrasive tool to
about -190 degrees F at arate of about 0.1 degrees F per minute; and
10 {el) further increasing the temperature of the cveling chamber or abrasive
tool 1o about -10 degrees F at a rate of about 0.5 degrees F per minule.
19 A process to freat an abrasive tool using at least one cryogenic material
in a cycling chamber, the process comprising:

decregsing the temperature of the cycling chamber or abrasive tool [rom ambient

S
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lemperaiurg 1o a range from about -80 degress Fahrenhait {F) to about -1(4 degrees F
at a rate of about -0.3 degrees F per minute to about -10 degrees F per minute;
further decreasing the temperature of the cyching chamber or abrasive tool to a

range from abowt -275 degrees F to about -323 degrees F at a rate of about -0.03

degrees F per minute to about -0.25 degrees F per minute:

20 increasing the temperature of the cvehing chamber or abrasive tool to a range
from about ~80 degrees F to about -100 degrees F at a rate of about 0.05 degrees F per
minute to about (.23 degrees F per minute; and

further increasing the temperatwe of the cvcling chamber or abrasive tool to
about ambient temperature at a rate of about 0.5 degrees F per munute to about {0

25 degrees F per minute, and resulling in a strengthened and toughened abrasive tool.

20, The process of claim 19, further comprising maintaining the temperature
of the evcling chamber or abrasive tool i a range from at about ~275 degrees F to

about -325 degrees F for about 6.1 hours to about 24 hours.

30
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Introducing an abrasive tool into a cycling chamber, wherein [~ 302
the tool has a temperature of about ambient temperature
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Introducing at least one cryogenic material into the cycling 304

chamber, wherein the internal temperature of the cycling
chamber or abrasive tool can be controlled by adjusting the
flow rate of the at least one cryogenic matenal

4

Decreasing the temperature of the cycling chamber or 306
abrasive tool to a range from about -80 degrees Fahrenheit
(F) to about -100 degrees F at a rate of about -0.5 degrees F

per minute to about -10 degrees F per minute

Y

Further decreasing the temperature of the cycling chamber or [ 308
abrasive tool to a range from about -275 degrees F to about
-325 degrees F at a rate of about -0.05 degrees F per minute

to about -0.25 degrees F per minute

4

Increasing the temperature of the cycling chamber or 310
abrasive tool to a range from about -80 degrees F to about
-100 degrees F at a rate of about 0.05 degrees F per minute to
about 0.25 degrees F per minute

A4

Further increasing the temperature of the cycling chamber or 312

abrasive tool to about ambient temperature at a rate of about
0.5 degrees F to about 10 degrees F, and resulting in a
strengthened and toughened abrasive tool
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