
BENZOXAZOLES, BENZTHIAZOLES AND RELATED ANALOGS AS SIRTUIN MODULATORS
REFERENCE TO RELATED APPLICATION This application claims the benefit of
U.S. Provisional Application No. 61/188,688, filed August 12, 2008, the
disclosure of which is incorporated herein by reference thereto. BACKGROUND
The Silent Information Regulator (SIR) family of genes represents a highly
conserved group of genes present in the genomes of organisms ranging from
archaebacteria to eukaryotes. The encoded SIR proteins are involved in
diverse processes from regulation of gene silencing to DNA repair. The
proteins encoded by members of the SIR gene family show high sequence
conservation in a 250 amino acid core domain. A well-characterized gene in
this family is S. cerevisiae SIR2, which is involved in silencing HM loci
that contain information specifying yeast mating type, telomere position
effects and cell aging. The yeast Sir2 protein belongs to a family of
histone deacetylases. The Sir2 homolog, CobB, in Salmonella typhimurium,
functions as an NAD (nicotinamide adenine dinucleotide)-dependent
ADP-ribosyl transferase. The Sir2 protein is a class III deacetylase which
uses NAD as a cosubstrate. Unlike other deacetylases, many of which are
involved in gene silencing, Sir2 is insensitive to class I and II histone
deacetylase inhibitors like tricho statin A (TSA). Deacetylation of
acetyl-lysine by Sir2 is tightly coupled to NAD hydrolysis, producing
nicotinamide and a novel acetyl-ADP ribose compound. The NADdependent
deacetylase activity of Sir2 is essential for its functions which can
connect its biological role with cellular metabolism in yeast. Mammalian
Sir2 homologs have NAD-dependent histone deacetylase activity. Biochemical
studies have shown that Sir2 can readily deacetylate the aminoterminal
tails of histones H3 and H4, resulting in the formation of
1-O-acetyl-ADPribose and nicotinamide. Strains with additional copies of
SIR2 display increased rDNA silencing and a 30% longer life span. It has
recently been shown thatadditional copies of the C. elegans SIR2 homolog,
sir-2.1, and the D. melanogaster dSir2 gene greatly extend life span in
those organisms. This implies that the SIR2- dependent regulatory pathway
for aging arose early in evolution and has been well conserved. Today, Sir2
genes are believed to have evolved to enhance an organism's 



health and stress resistance to increase its chance of surviving adversity.
In humans, there are seven Sir2-like genes (SIRT 1-SIRT7) that share the
conserved catalytic domain of Sir2. SIRTl is a nuclear protein with the
highest degree of sequence similarity to Sir2. SIRTl regulates multiple
cellular targets by deacetylation including the tumor suppressor p53, the
cellular signaling factor NFKB, and the FOXO transcription factor. SIRT3 is
a homolog of SIRTl that is conserved in prokaryotes and eukaryotes. The
SIRT3 protein is targeted to the mitochondrial cristae by a unique domain
located at the N-terminus. SIRT3 has NAD+-dependent protein deacetylase
activity and is ubiquitously expressed, particularly in metabolically
active tissues. Upon transfer to the mitochondria, SIRT3 is believed to be
cleaved into a smaller, active form by a mitochondrial matrix processing
peptidase (MPP). Caloric restriction has been known for over 70 years to
improve the health and extend the lifespan of mammals. Yeast life span,
like that of metazoans, is also extended by interventions that resemble
caloric restriction, such as low glucose. The discovery that both yeast and
flies lacking the SIR2 gene do not live longer when calorically restricted
provides evidence that SIR2 genes mediate the beneficial health effects of
a restricted calorie diet. Moreover, mutations that reduce the activity of
the yeast glucose-responsive cAMP (adenosine 3',5'-monophosphate)-
dependent (PKA) pathway extend life span in wild type cells but not in
mutant sir2 strains, demonstrating that SIR2 is likely to be a key
downstream component of the caloric restriction pathway. SUMMARY Provided
herein are novel sirtuin-modulating compounds and methods of use thereof.
In one aspect, the invention provides sirtuin-modulating compounds of
Structural Formulas (I) and (II) as are described in detail below.In
another aspect, the invention provides methods for using sirtuinmodulating
compounds, or compositions comprising sirtuin-modulating compounds. In
certain embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for a variety of
therapeutic applications including, for example, increasing the lifespan of
a cell, and treating and/or preventing a wide variety of diseases and
disorders including, for example, diseases or disorders related to aging or
stress, diabetes, obesity, neurodegenerative diseases, 



chemotherapeutic induced neuropathy, neuropathy associated with an ischemic
event, ocular diseases and/or disorders, cardiovascular disease, blood
clotting disorders, inflammation, and/or flushing, etc. Sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may
also be used for treating a disease or disorder in a subject that would
benefit from increased mitochondrial activity, for enhancing muscle
performance, for increasing muscle ATP levels, or for treating or
preventing muscle tissue damage associated with hypoxia or ischemia. In
other embodiments, sirtuin-modulating compounds that decrease the level
and/or activity of a sirtuin protein may be used for a variety of
therapeutic applications including, for example, increasing cellular
sensitivity to stress, increasing apoptosis, treatment of cancer,
stimulation of appetite, and/or stimulation of weight gain, etc. As
described further below, the methods comprise administering to a subject in
need thereof a pharmaceutically effective amount of a sirtuin-modulating
compound. In certain aspects, the sirtuin-modulating compounds may be
administered alone or in combination with other compounds, including other
sirtuin-modulating compounds, or other therapeutic agents. DETAILED
DESCRIPTION 1. Definitions As used herein, the following terms and phrases
shall have the meanings set forth below. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art. The term "agent"
is used herein to denote a chemical compound, a mixture of chemical
compounds, a biological macromolecule (such as a nucleic acid, an antibody,
a protein or portion thereof, e.g., a peptide), or an extract made
frombiological materials such as bacteria, plants, fungi, or animal
(particularly mammalian) cells or tissues. The activity of such agents may
render it suitable as a "therapeutic agent" which is a biologically,
physiologically, or pharmacologically active substance (or substances) that
acts locally or systemically in a subject. The term "bioavailable" when
referring to a compound is art-recognized and refers to a form of a
compound that allows for it, or a portion of the amount of compound
administered, to be absorbed by, incorporated to, or otherwise
physiologically available to a subject or patient to whom it is
administered. "Biologically active portion of a sirtuin" refers to a
portion of a sirtuin protein having a biological activity, such as the
ability to deacetylate. Biologically 



active portions of a sirtuin may comprise the core domain of sirtuins.
Biologically active portions of SIRTl having GenBank Accession No.
NP_036370 that encompass the NAD+ binding domain and the substrate binding
domain, for example, may include without limitation, amino acids 62-293 of
GenBank Accession No. NP_036370, which are encoded by nucleotides 237 to
932 of GenBank Accession No. NM_012238. Therefore, this region is sometimes
referred to as the core domain. Other biologically active portions of
SIRTl, also sometimes referred to as core domains, include about amino
acids 261 to 447 of GenBank Accession No. NP_036370, which are encoded by
nucleotides 834 to 1394 of GenBank Accession No. NM_012238; about amino
acids 242 to 493 of GenBank Accession No. NP_036370, which are encoded by
nucleotides 777 to 1532 of GenBank Accession No. NM_012238; or about amino
acids 254 to 495 of GenBank Accession No. NP_036370, which are encoded by
nucleotides 813 to 1538 of GenBank Accession No. NM_012238. The term
"companion animals" refers to cats and dogs. As used herein, the term
"dog(s)" denotes any member of the species Canis familiaris, of which there
are a large number of different breeds. The term "cat(s)" refers to a
feline animal including domestic cats and other members of the family
Felidae, genus Felis. "Diabetes" refers to high blood sugar or
ketoacidosis, as well as chronic, general metabolic abnormalities arising
from a prolonged high blood sugar status or a decrease in glucose
tolerance. "Diabetes" encompasses both the type I and type II (Non Insulin
Dependent Diabetes Mellitus or NIDDM) forms of the disease. Therisk factors
for diabetes include the following factors: waistline of more than 40
inches for men or 35 inches for women, blood pressure of 130/85 mmHg or
higher, triglycerides above 150 mg/dl, fasting blood glucose greater than
100 mg/dl or highdensity lipoprotein of less than 40 mg/dl in men or 50
mg/dl in women. The term "ED50" refers to the art-recognized measure of
effective dose. In certain embodiments, ED50 means the dose of a drug which
produces 50% of its maximum response or effect, or alternatively, the dose
which produces a pre determined response in 50% of test subjects or
preparations. The term "LD50" refers to the art-recognized measure of
lethal dose. In certain embodiments, LD50 means the dose of a drug which is
lethal in 50% of test subjects. The term "therapeutic index" is an
art-recognized term which refers to the therapeutic index of a drug,
defined as LD50/ED50. 



The term "hyperinsulinemia" refers to a state in an individual in which the
level of insulin in the blood is higher than normal. The term "insulin
resistance" refers to a state in which a normal amount of insulin produces
a subnormal biologic response relative to the biological response in a
subject that does not have insulin resistance. An "insulin resistance
disorder," as discussed herein, refers to any disease or condition that is
caused by or contributed to by insulin resistance. Examples include:
diabetes, obesity, metabolic syndrome, insulin-resistance syndromes,
syndrome X, insulin resistance, high blood pressure, hypertension, high
blood cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia,
atherosclerotic disease including stroke, coronary artery disease or
myocardial infarction, hyperglycemia, hyperinsulinemia and/or
hyperproinsulinemia, impaired glucose tolerance, delayed insulin release,
diabetic complications, including coronary heart disease, angina pectoris,
congestive heart failure, stroke, cognitive functions in dementia,
retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,
glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis some
types of cancer (such as endometrial, breast, prostate, and colon),
complications of pregnancy, poor female reproductive health (such as
menstrual irregularities, infertility, irregular ovulation, polycystic
ovarian syndrome (PCOS)), lipodystrophy, cholesterol related disorders,
such asgallstones, cholecystitis and cholelithiasis, gout, obstructive
sleep apnea and respiratory problems, osteoarthritis, and bone loss, e.g.
osteoporosis in particular. The term "livestock animals" refers to
domesticated quadrupeds, which includes those being raised for meat and
various byproducts, e.g., a bovine animal including cattle and other
members of the genus Bos, a porcine animal including domestic swine and
other members of the genus Sus, an ovine animal including sheep and other
members of the genus Ovis, domestic goats and other members of the genus
Capra; domesticated quadrupeds being raised for specialized tasks such as
use as a beast of burden, e.g., an equine animal including domestic horses
and other members of the family Equidae, genus Equus. The term "mammal" is
known in the art, and exemplary mammals include humans, primates, livestock
animals (including bovines, porcines, etc.), companion animals (e.g.,
canines, felines, etc.) and rodents (e.g., mice and rats). "Obese"
individuals or individuals suffering from obesity are generally individuals
having a body mass index (BMI) of at least 25 or greater. Obesity may 



or may not be associated with insulin resistance. The terms "parenteral
administration" and "administered parenterally" are art-recognized and
refer to modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation,
intravenous, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticulare, subcapsular, subarachnoid,
intraspinal, and intrasternal injection and infusion. A "patient",
"subject", "individual" or "host" refers to either a human or a non-human
animal. The term "pharmaceutically acceptable carrier" is art-recognized
and refers to a pharmaceutically-acceptable material, composition or
vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting any subject
composition or component thereof. Each carrier must be "acceptable" in the
sense of being compatible with the subject composition and its components
and not injurious to the patient. Some examples of materialswhich may serve
as pharmaceutically acceptable carriers include: (1) sugars, such as
lactose, glucose and sucrose; (2) starches, such as corn starch and potato
starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth;
(5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer
solutions; and (21) other non-toxic compatible substances employed in
pharmaceutical formulations. The term "prophylactic" or "therapeutic"
treatment is art-recognized and refers to administration of a drug to a
host. If it is administered prior to clinical manifestation of the unwanted
condition (e.g., disease or other unwanted state of the host animal) then
the treatment is prophylactic, i.e., it protects the host against
developing the unwanted condition, whereas if administered after
manifestation of the unwanted condition, the treatment is therapeutic
(i.e., it is intended to diminish, 



ameliorate or maintain the existing unwanted condition or side effects
therefrom). The term "pyrogen-free", with reference to a composition,
refers to a composition that does not contain a pyrogen in an amount that
would lead to an adverse effect (e.g., irritation, fever, inflammation,
diarrhea, respiratory distress, endotoxic shock, etc.) in a subject to
which the composition has been administered. For example, the term is meant
to encompass compositions that are free of, or substantially free of, an
endotoxin such as, for example, a lipopolysaccharide (LPS). "Replicative
lifespan" of a cell refers to the number of daughter cells produced by an
individual "mother cell." "Chronological aging" or "chronological
lifespan," on the other hand, refers to the length of time a population of
nondividing cells remains viable when deprived of nutrients. "Increasing
the lifespan of a cell" or "extending the lifespan of a cell," as applied
to cells or organisms, refers to increasing the number of daughter cells
produced by one cell; increasing theability of cells or organisms to cope
with stresses and combat damage, e.g., to DNA, proteins; and/or increasing
the ability of cells or organisms to survive and exist in a living state
for longer under a particular condition, e.g., stress (for example,
heatshock, osmotic stress, high energy radiation, chemically-induced
stress, DNA damage, inadequate salt level, inadequate nitrogen level, or
inadequate nutrient level). Lifespan can be increased by at least about
10%, 20%, 30%, 40%, 50%, 60% or between 20% and 70%, 30% and 60%, 40% and
60% or more using methods described herein. "Sirtuin-activating compound"
refers to a compound that increases the level of a sirtuin protein and/or
increases at least one activity of a sirtuin protein. In an exemplary
embodiment, a sirtuin-activating compound may increase at least one
biological activity of a sirtuin protein by at least about 10%, 25%, 50%,
75%, 100%, or more. Exemplary biological activities of sirtuin proteins
include deacetylation, e.g., of histones and p53; extending lifespan;
increasing genomic stability; silencing transcription; and controlling the
segregation of oxidized proteins between mother and daughter cells.
"Sirtuin protein" refers to a member of the sirtuin deacetylase protein
family, or preferably to the sir2 family, which include yeast Sir2 (GenBank
Accession No. P53685), C. elegans Sir-2.1 (GenBank Accession No.
NP_501912), and human SIRTl (GenBank Accession No. NM_012238 and NP_036370
(or AF083106)) and SIRT2 (GenBank Accession No. NM_012237, NM_030593,
NP_036369, 



NP_085096, and AF083107) proteins. Other family members include the four
additional yeast Sir2-like genes termed "HST genes" (homologues of Sir two)
HSTl, HST2, HST3 and HST4, and the five other human homologues hSIRT3,
hSIRT4, hSIRT5, hSIRT6 and hSIRT7 (Brachmann et al. (1995) Genes Dev.
9:2888 and Frye et al. (1999) BBRC 260:273). Preferred sirtuins are those
that share more similarities with SIRTl, i.e., hSIRTl, and/or Sir2 than
with SIRT2, such as those members having at least part of the N-terminal
sequence present in SIRTl and absent in SIRT2 such as SIRT3 has. "SIRTl
protein" refers to a member of the sir2 family of sirtuin deacetylases. In
one embodiment, a SIRTl protein includes yeast Sir2 (GenBank Accession
No.P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), human
SIRTl (GenBank Accession No. NM_012238 or NP_036370 (or AF083106)), and
equivalents and fragments thereof. In another embodiment, a SIRTl protein
includes a polypeptide comprising a sequence consisting of, or consisting
essentially of, the amino acid sequence set forth in GenBank Accession Nos.
NP_036370, NP_501912, NP_085096, NP_036369, or P53685. SIRTl proteins
include polypeptides comprising all or a portion of the amino acid sequence
set forth in GenBank Accession Nos. NP_036370, NP_501912, NP_085096,
NP_036369, or P53685; the amino acid sequence set forth in GenBank
Accession Nos. NP_036370, NP_501912, NP_085096, NP_036369, or P53685 with 1
to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%,
95%, 96%, 97%, 98%, or 99% identical to GenBank Accession Nos. NP_036370,
NP_501912, NP_085096, NP_036369, or P53685, and functional fragments
thereof. Polypeptides of the invention also include homologs (e.g.,
orthologs and paralogs), variants, or fragments, of GenBank Accession Nos.
NP_036370, NP_501912, NP_085096, NP_036369, or P53685. As used herein
"SIRT2 protein", "SIRT3 protein", "SIRT4 protein", SIRT 5 protein", "SIRT6
protein", and "SIRT7 protein" refer to other mammalian, e.g. human, sirtuin
deacetylase proteins that are homologous to SIRTl protein, particularly in
the approximately 275 amino acid conserved catalytic domain. For example,
"SIRT3 protein" refers to a member of the sirtuin deacetylase protein
family that is homologous to SIRTl protein. In one embodiment, a SIRT3
protein includes human SIRT3 (GenBank Accession No. AAHO1042, NP_036371, or
NP_001017524) and mouse SIRT3 (GenBank Accession No. NP_071878) proteins, 



and equivalents and fragments thereof. In another embodiment, a SIRT3
protein includes a polypeptide comprising a sequence consisting of, or
consisting essentially of, the amino acid sequence set forth in GenBank
Accession Nos. AAH01042, NP_036371, NP_001017524, or NP_071878. SIRT3
proteins include polypeptides comprising all or a portion of the amino acid
sequence set forth in GenBank Accession AAH01042, NP_036371, NP_001017524,
or NP_071878; the amino acid sequence set forth in GenBank Accession Nos.
AAH01042, NP_036371, NP_001017524, or NP_071878 with 1 to about 2, 3, 5, 7,
10, 15, 20, 30, 50, 75 ormore conservative amino acid substitutions; an
amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%, 96%, 97%,
98%, or 99% identical to GenBank Accession Nos. AAH01042, NP_036371,
NP_001017524, or NP_071878, and functional fragments thereof. Polypeptides
of the invention also include homologs (e.g., orthologs and paralogs),
variants, or fragments, of GenBank Accession Nos. AAH01042, NP_036371,
NP_001017524, or NP_071878. In one embodiment, a SIRT3 protein includes a
fragment of SIRT3 protein that is produced by cleavage with a mitochondrial
matrix processing peptidase (MPP) and/or a mitochondrial intermediate
peptidase (MIP). The terms "systemic administration," "administered
systemically," "peripheral administration" and "administered peripherally"
are art-recognized and refer to the administration of a subject
composition, therapeutic or other material other than directly into the
central nervous system, such that it enters the patient's system and, thus,
is subject to metabolism and other like processes. The term "therapeutic
agent" is art-recognized and refers to any chemical moiety that is a
biologically, physiologically, or pharmacologically active substance that
acts locally or systemically in a subject. The term also means any
substance intended for use in the diagnosis, cure, mitigation, treatment or
prevention of disease or in the enhancement of desirable physical or mental
development and/or conditions in an animal or human. The term "therapeutic
effect" is art-recognized and refers to a local or systemic effect in
animals, particularly mammals, and more particularly humans caused by a
pharmacologically active substance. The phrase "therapeuticallyeffective
amount" means that amount of such a substance that produces some desired
local or systemic effect at a reasonable benefit/risk ratio applicable to
any treatment. The therapeutically effective amount of such substance will
vary 



depending upon the subject and disease condition being treated, the weight
and age of the subject, the severity of the disease condition, the manner
of administration and the like, which can readily be determined by one of
ordinary skill in the art. For example, certain compositions described
herein may be administered in a sufficient amount to produce a desired
effect at a reasonable benefit/risk ratio applicable to such
treatment."Treating" a condition or disease refers to curing as well as
ameliorating at least one symptom of the condition or disease. The term
"vision impairment" refers to diminished vision, which is often only
partially reversible or irreversible upon treatment (e.g., surgery).
Particularly severe vision impairment is termed "blindness" or "vision
loss", which refers to a complete loss of vision, vision worse than 20/200
that cannot be improved with corrective lenses, or a visual field of less
than 20 degrees diameter (10 degrees radius). 2. Sirtuin Modulators In one
aspect, the invention provides novel sirtuin-modulating compounds for
treating and/or preventing a wide variety of diseases and disorders
including, for example, diseases or disorders related to aging or stress,
diabetes, obesity, neurodegenerative diseases, ocular diseases and
disorders, cardiovascular disease, blood clotting disorders, inflammation,
cancer, and/or flushing, etc. Sirtuinmodulating compounds that increase the
level and/or activity of a sirtuin protein may also be used for treating a
disease or disorder in a subject that would benefit from increased
mitochondrial activity, for enhancing muscle performance, for increasing
muscle ATP levels, or for treating or preventing muscle tissue damage
associated with hypoxia or ischemia. Other compounds disclosed herein may
be suitable for use in a pharmaceutical composition and/or one or more
methods disclosed herein. In a first embodiment, sirtuin-modulating
compounds of the invention are represented by Structural Formula (I): or a
salt thereof, wherein: each of Z1, Z2, and Z3, is independently selected
from N and CR, wherein: no more than one of Z1, Z2, and Z3 is N; andR is
selected from hydrogen, halo, -OH, -CN, Ci-C fluoro-substituted alkyl,
-0-(Ci-C 2) fluoro-substituted alkyl, -S-(Ci-C 2) fluoro-substituted alkyl,
Ci-C 4 alkyl, -0-(Ci-C 4) alkyl, -S-(Ci-C 4) alkyl and C3-C7 cycloalkyl; 



each ofW1 and W2 is independently selected from N, O or S, wherein when one
ofW1 and W2 is N then the other ofW1 and W2 is selected from O and S; X is
selected from -NH-C(=O)-f , -C(=O)-NH-f , -NH-C(=S)-f , -C(=S)-NH- 1,
-NH-SC=O)-1, -SC=O)-NH-1, -SC=O)2-NH- 1, -NH-SC=O)2-1, -NH-S(=O) 2-NR5-f ,
-NR5-S(=O) 2-NH-f , -NH-C(=O)O-f , -OC(=O)NH-f , -NH-C(=O)NR 5-f ,
-NR5-C(=O)NH-f , -NH-NR 5-f , -NR5-NH-f , -O-NH-f , -NH-O-f , -NH-CR 5R6-f
, -CR5R6-NH-f , -NH-C(=NR 5)-f , -C(=NR5)-NH-f , -C(=O)-NH-CR 5R6-f ,
-CR5R6-NH-C(O)-f , -NH-C(=S)-CR 5R6-f , -CR5R6-C(=S)-NH-f , -NH-S(O)-CR
5R6-f , -CR5R6-S(O)-NHf , -NH-S(O) 2-CR5R6-f , -CR5R6-S(O) 2-NH-f ,
-NH-C(=O)-O-CR 5R6-f , -CR5R6-O-C(=O)-NH-f , -NH-C(=O)-NR 5-CR5R6-f , and
-CR5R6-O-C(=O)-NR 5-f, wherein f represents where X is bound to R1, and:
each R5 and R6 is independently selected from hydrogen, Ci-C4 alkyl, -CF3
and (Ci-C 3 alkyl)-CF 3; R1 is selected from a carbocycle and a heterocycle
other than a bridged azabicyclo, wherein R1 is optionally substituted with
one to two substitutents independently selected from halo, -CN, Ci-C 4
alkyl, C3-C7 cycloalkyl, Ci-C 4 fluoro-substituted alkyl, -O-R4, -S-R4,
-(Ci-C 4 alkyl)-N(R 4)(R4), -N(R4)(R4), -NH-CH 2-CH(OH)-CH 2OH, -0-CH
2-CH(OH)-CH 2OH), -0-(Ci-C 4 alkyl)-N(R 4)(R4), -(Ci-C 4 alkyl)-O-(Ci-C 4
alkyl)-N(R 4)(R4), -C(O)-N(R 4)(R4), and -(Ci-C 4 alkyl)-C(O)-N(R 4)(R4),
and when R1 is phenyl, R1 is also optionally substituted with
3,4-methylenedioxy, fluoro-substituted 3,4-methylenedioxy,
3,4-ethylenedioxy, or fluoro-substituted 3,4-ethylenedioxy, wherein each R4
is independently selected from hydrogen, and -Ci-C 4 alkyl; or two R4 are
taken together with the nitrogen atom to which they are bound to form a 4-
to 8-membered saturated heterocycle optionally comprising one additional
heteroatom selected from N, S, S(=0), S(=0) 2, and O, wherein when R4 is
alkyl, the alkyl is optionally substituted with one or more -OH, fluoro,
-NH2, -NH(Ci-C 4alkyl), -N(Ci-C 4 alkyl)2, -NH(CH2CH2OCH3), or
-N(CH2CH2OCH3)2 and when two R4 are taken together with the nitrogen atom
to which they are bound to form a 4- to 8-membered saturated heterocycle,
the saturated heterocycle is optionally substituted at a carbon atom with
-OH, -Ci-C 4 alkyl, fluoro, -NH2, -NH(Ci-C 4 alkyl), -N(Ci-C 4
alkyl)2,-NH(CH2CH2OCH3), or -N(CH2CH2OCH3)2; and R is selected from a 4-7
membered carbocycle and a heterocycle bound to 



the rest of the compound through a carbon ring atom, wherein R is
optionally substituted with one to two substitutents independently selected
from halo, -CN, Ci-C 3 alkyl, C3-C7 cycloalkyl, Ci-C 2 fluoro- substituted
alkyl, -O-R4, -S-R4, -(Ci-C 2 alkyl)-N(R 4)(R4), -N(R4)(R4), -NH-CH
2-CH(OH)-CH 2OH, -0-CH 2-CH(OH)-CH 2OH, -0-(Ci-C 2 alkyl)-N(R 4)(R4),
-(Ci-C 2 alkyl)-O-(Ci-C 2 alkyl)-N(R 4)(R4), -C(O)-N(R 4)(R4), -(Ci-C 2
alkyl)-C(O)-N(R 4)(R4), -O-phenyl, phenyl, and a second heterocycle, and
when R is phenyl, R is also optionally substituted with 3,4-methylenedioxy,
fluoro-substituted 3,4-methylenedioxy, 3,4-ethylenedioxy, or
fluoro-substituted 3,4-ethylenedioxy, wherein any phenyl or second
heterocycle substituent of R2 is optionally substituted with halo; -CN;
Ci-C 3 alkyl, Ci-C 2 fluoro-substituted alkyl , -0-(Ci-C 2)
fluoro-substituted alkyl, -0-(Ci-C 3) alkyl,-S-(Ci-C 3) alkyl, -S-(Ci-C 2)
fluoro-substituted alkyl, -NH-(Ci-C 3) alkyl and -N-(Ci-C 3)2 alkyl; with
the provisos that: when X is -NH-S(O) 2-f , each of Z1, Z2 and Z3 are CR;
and one W is O, then R1 is not optionally substituted phenyl; when X is
-C(O)-NH-f , each of Z1, Z2 and Z3 are CR; and one W is O, then R1 is not
optionally substituted piperidin-4-yl; when X is -NH-C(O)-f , Z1 and Z3 are
CH, Z2 is C(Cl), W1 is O, W2 is N, and R2 is phenyl then R1 is not phenyl;
when X is -NH-C(O)-O-f , Z1 is C(CH3), Z2 and Z3 are CH, W1 is S, W2 is N,
and R2 is phenyl then R1 is not phenyl; when X is -C(O)-NH-f , Z1 and Z2
are CH, Z3 is C(OCH3), W1 is N,W2 is O and R1 is 3,5-dichloropyridin-4-yl
then R2 is not 2-methyl-l,3-dioxolan-2-yl; when X is -NH-CH 2-f , Z1 is N,
Z2 is CH, Z3 is C(CN), W1 is S, W2 is N, and R1 is 4-methoxyphenyl then R2
is not phenyl;when X is -NH-CH 2-1, Z1, Z2 and Z3 are CH, W1 is N,W2 is O,
and R2 is 3- chlorophenyl then R1 is not pyridin-2-yl; when X is -NH-S(O
2)-1, Z1, Z2 and Z3 are CH, W1 is O,W2 is N, and R2 is pyridin-4-yl then R1
is not 4-methyl-5-acetamidothiazol-2-yl; and when X is -C(O)-NH-1, Z1, Z2
and Z3 are CH, W1 is O,W2 is N, and R2 is phenyl then R1 is not
2-hydroxyphenyl. In certain embodiments of a compound of Structural Formula
(I), X is additionally selected from -NH-C(=O)-CR5R6-f , and
-CR5R6-NH-C(=O)-O-f . 



In certain embodiments of a compound of Structural Formula (I), R is
additionally selected from -(Ci-C2 alkyl)-N(R4)(R4), -0-CH 2CH(OH)CH2OH,
-O- (Ci-C3 alkyl)-N(R4)(R4), and -N(R4)(R4) . In certain embodiments of a
compound of Structural Formula (I), when R1 is phenyl, R1 may additionally
be optionally substituted with O-(saturated heterocycle),
fluoro-substituted -O-(saturated heterocycle), and C1-C4 alky1- substituted
O-(saturated heterocycle) (e.g., O-(saturated heterocycle), where the
heterocycle is substituted with Ci-C alkyl). In certain embodiments of a
compound of Structural Formula (I), when R4 is alkyl, R4 may additionally
be optionally substituted with -0-(Ci-C 4 alkyl). In certain embodiments of
a compound of Structural Formula (I), when two R4 are taken together with
the nitrogen atom to which they are bound to form a 4- to 8-membered
saturated heterocycle, the saturated heterocycle is optionally substituted
at any substitutable nitrogen atom with -Ci-C4 alkyl, fluoro-substituted
Ci-C4 alkyl, or -(CH2)2-O-CH3. In certain embodiments of a compound of
Structural Formula (I), R2 is optionally substituted with additional
substitutents selected from C4 alkyl, -S(O)-R4, -S(O)2-R4, -(C3-C4
alkyl)-N(R4)(R4), -0-(C 3-C4 alkyl)-N(R4)(R4), and -(C3-C4
alkyl)-C(O)-N(R4)(R4), and In certain embodiments of a compound of
Structural Formula (I) where R is phenyl, R2 is optionally substituted with
the additional substituent -O-(saturated heterocycle), wherein the
saturated heterocycle substituent of R is optionally substituted with halo;
-CN; Ci-C4 alkyl, Ci-C2 fluoro-substituted alkyl , -0-(Ci-C
2fluoro-substituted alkyl), -0-(Ci-C 4 alkyl), -S-(Ci-C4 alkyl), -S-(Ci-C 2
fluorosubstituted alkyl), -NH-(Ci-C 4 alkyl) and -N-(Ci-C 4 alkyl)2, In
certain embodiments of a compound of Structural Formula (I) any phenyl or
second heterocycle substituent of R2 is optionally substituted with
additional substituents selected from C4 alkyl, -0-(C 4 alkyl), -S-(C4
alkyl), -NH-(C4 alkyl) and -N-(C4 alkyl)2. Reference to "additional
substituent(s)" means in addition to the substituents set forth for a
compound of Formula I in the first embodiment. In certain embodiments, the
compound of Structural Formula (I) is selected from: and . In certain such
embodiments, the compound of Structural 



Formula (I) is selected from: , and In certain embodiments, R is selected
from hydrogen, -(Ci-C4) alkyl-N(R7)(R7), -(Ci-C4) alkyl-C(O)-N(R 7)(R7),
-(C2-C4) alkyl -O-R7, and -(C2-C4) alkyl-N(R7)-C(O)-R7 In certain
embodiments, R is hydrogen. In certain embodiments, Z1 and Z2 are both CR.
In particular embodiments, each of Z1, Z2 and Z3 are CR. In certain of
these embodiments, R is H, such that in certain embodiments, each of Z1and
Z2 are CH, each of Z*and Z3 are CH, each of Z2 and Z3 are CH, or all of Z1,
Z2 and Z3 are CH. In certain embodiments, W1 is selected from O and S and
W2 is N. In other embodiments, W2 is selected from O or S and W1 is N.
Examples of suchembodiments include those where W1 is O and W2 is N,W1 is N
and W2 is O, W1 is S and W2 is N, and W1 is N and W2 is S. In certain
embodiments R4 is selected from hydrogen, halo, -CN, Ci-C alkyl, and
fluoro- substituted Ci-C alkyl. In certain embodiments, R4 is hydrogen. In
certain embodiments where Z1 and Z2 are both CR, R and R4 are both H. In
certain embodiments, X is selected from -NH-C(=O)-f , -C(=O)-NH-f ,
-NH-C(=S)- 1, -C(=S)-NH- 1, -NH-S(=O)-t, -S(=O)-NH-f , -SC=O)2-NH- 1,
-NH-S(=O) 2-NR5-f , -NR5-S(=O) 2-NH-f , -NH-C(=O)O-f , -OC(=O)NH-f ,
-NH-C(=O)NR 5-f , -NR5-C(=O)NH-f , -NH-NR 5-f , -NR5-NH-f , -O-NH-f ,
-NH-O-f , -CR5R6-NH-f , -NH-C(=NR 5)-f , -C(=NR 5)-NH-f , -CR5R6-NH-C(O)-f
, -NH-C(=S)-CR 5R6-f , -CR5R6-C(=S)-NH-f , -NH-S(O)-CR 5R6-f ,
-CR5R6-S(O)-NHf , -NH-S(O) 2-CR5R6-f , -CR5R6-S(O)2-NH-f , -NH-C(=O)-O-CR
5R6-f , -CR5R6-O-C(=O)-NH-f, -NH-C(=O)-NR 5-CR5R6-f, -CR5R6-O-C(=O)-NR 5-f,
-NH-C(=O)-CR 5R6-f , and -CR5R6-NH-C(=O)-O-f . In certain such embodiments,
X is -C(=O)-NH-f . In other embodiments, X is -C(=O)-NH-CR 5R6-f , where R5
and R6 are optionally independently selected from hydrogen and Ci-C 4
alkyl. In certain such embodiments, R5 and R6 are both hydrogen. In an
exemplary embodiment, X is -C(=O)-NH-f , Z1, Z2 and Z3 are all CR, and R
and R4 are both H. In certain embodiments, R1 is selected from heterocycles
comprising one or more heteroatoms selected from N, O and S. In particular
embodiments, R1 is selected from heterocycles comprising one or two
nitrogens. In particular embodiments, R1 is selected from heterocycles
comprising up to three heteroatoms selected from S and N. In other
embodiments, R1 is selected from heterocycles comprising up to three
heteroatoms selected from O and N. In yet other 



embodiments, R1 is selected from heterocycles comprising up to three
heteroatoms selected from O and S. Alternatively, in certain embodiments,
R1 is an aryl moiety.Certain examples of R1 include:In certain such
embodiments, R1 is selected from: and In the embodiments above, R1 is
optionally substituted by 1 or 2 substituents independently selected from
halo, Ci-C alkyl, -(Ci-C4 alkyl)-N(R4)(R4), -0-CH 2CH(OH)CH2OH and -0-R 4,
particularly halo and (Ci-C4) alkyl. In certain embodiments, R1 is
triazolyl optionally substituted with one or more substituents selected
from halo and (Ci-C4) alkyl. In certain embodiments, R1 is optionally
substituted 2-triazolyl. In certain embodiments, R1 is optionally
substituted triazolyl and X is -C(=O)-NH-f . In certain embodiments, R1 is
selected from:one or more substituents selected from halo, Ci-C4 alkyl,
-(Ci-C4 alkyl)-N(R4)(R4), -0-CH 2CH(OH)CH2OH and -O-R4. In one aspect, R1
is substituted with one or more groups selected from -F, -Cl, -CH ,
sseelleecctteedd ffrr oomm:: S. In certain such embodiments, R1 is selected
from:In certain embodiments, R is selected from aryl and heteroaryl.
Examples of R include:THERMALLY INSULATED DIE PLATE ASSEMBLY FOR UNDERWATER
PELLETIZING AND THE LIKE FIELD OF THE INVENTION The present invention
generally relates to an insulated die plate assembly for use in underwater
pelletizers and other granulation processes that include hot -face or
nonfluidic pelletization. More specifically, the present invention relates
to an insulated die plate assembly that includes a thin continuous air
pocket or chamber formed across the plate assembly such that the upstream
portion of the die plate assembly is thermally insulated from the
downstream portion of the same assembly, thus allowing the respective
portions to co exist at different temperatures. The plurality of extrusion
orifices, individually or in groups, extend through extrusion orifice
extensions that project through the insulation air pocket or chamber so
that the material to be pelletized or granulated can pass
therethrough.BACKGROUND OF THE INVENTION AND PRIOR ART Underwater
pelletization equipment and its use 



following extrusion processing have been implemented for many years by Gala
Industries, Inc. ("Gala"), the assignee of the present invention.
Pelletization dies and die plates, in particular, are demonstrated in prior
art disclosures including, for example, U.S. Patents Nos . 4,123,207,
4,500,271, 4,621,996, 4,728,276, 5,059,103, 5,403,176, 6,824,371,
7,033,152, U.S. Patent Application Publication Nos. 20060165834 and
20070254059, German Patents and Applications including DE 32 43 332, DE 37
02 841, DE 87 01 490, DE 196 51 354, and World Patent Application
Publications WO2006/081140 and WO2006/087179 . These patents and
applications are all owned by Gala and are expressly incorporated herein by
reference as if set forth in their entirety. As well understood by those
skilled in the art, die plates used with rotating cutter hubs and blades,
such as in underwater pelletizing, have the extrusion orifices or through
die holes arranged in a generally circular pattern, or groups of multiple
die holes arranged (as in pods or clusters) in a generally circular array.
As so arranged, the rotating blades can cut the extrudate as it exits the
die holes along a circular cutting face.U.S. Patent No. 4,378,964 and World
Patent Application Publication No. WO1981/001980 disclose a multi-layer die
plate assembly for underwater pelletization of polymeric materials in which
an insulation layer, preferably zirconium oxide, is fixedly positioned
between the body of the die plate and the layers comprising the cutting
face of the die. Adjacent or proximal to the insulation layer is a heating
chamber through which is circulated a heating fluid for maintenance of the
temperature of the die . U.S. Patent No. 4,764,100 discloses a die plate
construction specifically described for underwater pelletization of plastic
extrudate including a closed insulating space formed between the baseplate
and the cutting plate through which 



penetrates the extrusion nozzles, and optional inserts serve to further
strengthen and support the structure. Vacuum heat insulating cavities
between extrusion nozzles are disclosed in U . S . Patent No. 5,714,713 in
a multistep process that includes electron beam welding while the die
components are maintained under high vacuum. This disclosure is extended to
vacuum heat insulation portions in areas peripherally external to the
extrusion nozzles for enhanced insulation performance in U.S. Patent No.
5,989,009. Similarly, closed continuous thermal stabilization cavities
filled with air or gas are disclosed in U.S. Patent No.6,976,834.
Additionally, brazing in a furnace at high temperature, 900C to 1200DC,
under vacuum is disclosed as a manufacturing process with controlled
cooling under argon to prevent oxidation thusly presenting an opportunity
to introduce vacuum into the thermal stabilization cavities. German Patent
Application No. DE 100 02 408 and German Patent Utility Model No. DE 200 05
026 disclose a hollow space or a multiplicity thereof in the inner region
of the nozzle plate and the nosecone extension to enhance temperature
control by virtue of the reduction of mass necessitating temperature
maintenance and thusly introducing thermal insulation. Use of solid,
liquid, or gas as insulating materials is disclosed therein. World Patent
Application Publication No. WO2003/031132 discloses the use of ceramic
plates for insulation of the die face from the heated portion of the die
body. Finally, Austrian patent application AT 503 368 Al discloses a
thermally insulated die plate assembly with a detachable face plate that is
sealed to the discharge end of the extrusion orifice nozzles by an 0-ring
or metal seal. This die plate assembly is very fragile and highly
susceptible to process melt leakage, thus requiring considerable
maintenance. There is, therefore, a need for a thermally insulated 



die plate assembly which is robust in construction, retains theair pocket
in a sealed condition, requires low maintenance and provides high
performance . SUMMARY OF THE INVENTION The thermally insulated die plate
assembly of the present invention is installed in a conventional manner
between the melting and/or mixing devices and the pellet transport
components including mechanical, pneumatic, and/or fluid conveyance. The
upstream side of the insulated die plate assembly receives molten polymer
or other fluidized material from the melting/mixing devices that is
subsequently extruded through the multiplicity of orifices extending from
the upstream side to the downstream side of the die plate assembly to form
extruded strands of material. The extruded strands, with at least marginal
cooling, are cut into pellets by rotating cutter blades engaging a cutting
surface or cutting die face associated with the downstream side of the die
plate in a manner well known in the art of pelletizing. The thermally
insulated die plate assembly of the present invention is retained in
position in a conventional manner by fasteners that connect the melting and
mixing components, the die plate, and the pellet transport components. The
nose cone, optionally a separate component, is retained in position as
required by the normally provided nose cone anchorbolt as is understood by
those skilled in the art. Similarly, thermal regulation fluid as required
enters and exits chambers in the die plate through conventional inlet and
outlet orifices, respectively . The thermally insulated die plate assembly
in accordance with the present invention is essentially formed by machining
a cutout in the downstream side or die face side of a die plate body,
preferably forming a generally circular cavity. The periphery of the cutout
cavity should extend beyond the circular pattern or array of extrusion
orifices or die holes with a raised circular ridge which matches and
encompasses the 



circular pattern or array of extrusion orifices or die holes. The raised
circular ridge thus divides the cutout cavity into, preferably, an annular
outer section and a circular inner section. The raised circular ridge is
preferably trapezoidal in vertical cross- section with the extrusion
orifices extending centrally therethrough. Orifice protrusions project from
the upper surface of the raised ridge at the extrusion orifice locations so
that the extrusion orifices extend through the orifice protrusions.
Finally, a cover plate with holes matching the orifice protrusions is sized
to fit over and into the cutout cavity in the die plate body to complete
the downstream side of the die plate assembly and form a generally planar
die face. Inaddition, the upstream side of the cover plate is machined with
a counterbore which conforms to the configuration of the orifice
protrusions and defines the outside wall of the air cavity around the
orifice protrusions and the raised circular ridge. The cover plate is
attached around its periphery to the die plate body and attached around its
matching holes to the distal end of the orifice protrusions adjacent the
die face. The thickness of the cover plate is less than the depth of the
cutout cavity so that when the cover plate is in place a thin, generally
flat, continuous air pocket or air chamber is formed around the raised
circular ridge and associated orifice protrusions, which air chamber is
generally parallel to the die face. The thickness of the air chamber is on
the order of about 0.05 millimeters (mm) to about 6.0 mm, and preferably
about 0.5 mm to about 1.0 mm. Stated another way, the thickness of the air
chamber is preferably about 5% to about 10% of the thickness of the die
plate assembly. The raised circular ridge and associated orifice
protrusions which encompass and extend the extrusion orifices from the base
of the cutout cavity to the matching holes of the cover plate are together
referred to herein as the "extrusion 



orifice extensions" . The extrusion orifice extensions for each of the
extrusion orifices or die holes extend fully through theair chamber so that
the orifice extensions are surrounded by the thermally insulating air. The
air chamber is preferably vented to the atmosphere outside the die plate
assembly, such as through one or more channels in the die plate body to
provide for atmospheric equilibrium of the air chamber. The air chamber
thus forms a thermally insulating air pocket or chamber between the
typically heated upstream side of the die plate assembly and the downstream
side forming the die face, which contacts the cooling water of the waterbox
in an underwater pelletizer, or other cooling medium associated with a
rotating cutter hub and blade assembly. The cover plate should be made of a
chemical, corrosion, abrasion, and wear -resistant metal. The cover plate
can contain at least one circumferential expansion groove on at least one
face and preferably contains a multiplicity of circumferential expansion
grooves on at least one face. When expansion grooves are formed on both
faces, they are preferably arranged in a staggeringly alternating
configuration. Preferably, the cover plate is welded in position with
nickel steel. More preferably, the cover plate is attached by welding with
nickel steel at peripheral grooves circumferentially surrounding the cover
plate and at weld locations between thedistal end of the orifice
protrusions and the inside of the cover plate holes . The die plate body of
the thermally insulated die plate assembly according to the present
invention can be thermally regulated by any suitable heating system known
to those skilled in the art, such as thermal regulation fluid as required
to enter and exit heating chambers in the die plate body to conventional
inlet and outlet orifices, respectively. Alternatively, the die plate body
can be thermally regulated by at least one of electrical resistance,
induction, steam, and 



thermal transfer fluid. Preferably, the die plate body is heated by
electric heaters in techniques known to those skilled in the art. In a
first embodiment of the present invention, the thermally insulated die
plate assembly is configured with a onepiece die plate body. In a second
embodiment of the present invention, the thermally insulated die plate
assembly is configured with a two-piece die plate body having a removable
center die insert thermally insulated in accordance with the present
invention which is peripherally surrounded by a die plate outer ring
thermally regulated by at least one of electrical resistance, induction,
steam, and thermal transfer fluid.As used herein the term "die plate body"
is intended to include the body of the die plate when the assembly of the
present invention is configured as a one-piece construction and the
removable center die insert in combination with the die plate outer ring
when the assembly is configured in a two-piece construction. In addition to
having the die face of uniform planarity, the annular cutting face
containing the distal ends of the orifice protrusions, and through which
penetrate the multiplicity of extrusion orifices, can be raised a certain
distance above the remaining portion of the die face, as known to those
skilled in the art. The rotating cutting blades thus engage the raised
annular cutting face. The raised annular cutting face should be at least
0.025 millimeters higher than the surrounding die face and preferably is at
least 0.50 millimeters above the surrounding die face. Preferably, at least
the surface of the annular cutting face engaged by the cutting blades is
subjected to an enhancing surface treatment. The enhancing surface
treatment includes at least one of nitriding, carbonitriding,
electroplating, electroless plating, electroless nickel 



dispersion treatments, flame spraying including high velocity applications,
thermal spraying, plasma treatment, electrolytic plasma treatments,
sintering, powder coating, vacuum deposition,chemical vapor deposition,
physical vapor deposition, sputtering techniques and spray coating. These
surface treatments result in metallizing, attachment of metal nitride,
metal carbides, metal carbonitrides, and diamond- like carbon and can be
used singly and in any combination. Different surface treatments can be
applied to different circumferential planes on the cutting face and should
be at least approximately 0.025 millimeters in thickness. Preferably, the
treatments are at least approximately 0.50 millimeters in thickness. The
raised circular ridge and associated orifice protrusions are formed in at
least one annular ring, and each orifice protrusion can contain at least
one to a multiplicity of extrusion orifices arranged in groups, pods, and
clusters. The orifice protrusions can be of any geometry including at least
one of oval, round, square, triangular, rectangular, polygonal, and in many
combinations. Similarly, the orifice protrusions can be arranged
concentrically, alternating, in a staggering configuration, and linearly,
and can be positioned parallel to the arc of rotation of the cutting
blades, perpendicular to the arc and including kidney to comma-like
configurations. In addition, the extrusion orifices can be of any geometry
including but not limited to round, oval, square, rectangular, triangular,
pentagonal, hexagonal, polygonal,slotted, radially slotted and any
combination thereof. A multiplicity of extrusion orifices can be of
different geometry in a particular orifice protrusion or die face. In view
of the foregoing, it is an object of the present invention to provide a die
plate assembly in which the typically heated upstream portion of the
assembly is thermally insulated from the typically cooled downstream
portion adjacent the die face by an internal insulation air pocket or air
chamber extending substantially parallel to the die face. 



A further object of the present invention is to provide a thermally
insulated die plate assembly in accordance with the preceding object in
which the insulation air pocket or air chamber surrounds extrusion orifice
extensions configured as a raised circular ridge and associated orifice
protrusions, through which the extrusion orifices extend to the die face.
Another object of the present invention is to provide a thermally insulated
die plate assembly in accordance with the preceding object in which the
insulation air pocket or air chamber is formed by machining or cutting out
a cavity in the downstream side of a die plate body leaving in place the
raised circular ridge. The cavity is closed by a cover plate having a
counterbore sized to match the extrusion orifice extensions and with holes
to match the distal ends of the orifice protrusions.Still another object of
the present invention is to provide a thermally insulated die plate
assembly in accordance with the two preceding object in which the raised
ridge has a trapezoidal shape in vertical cross -section to aid in
channeling heat to the orifice protrusions and thus maintain the process
melt at a desired temperature in the extrusion orifice at the die face . A
still further object of the present invention is to provide a thermally
insulated die plate assembly in accordance with the preceding three objects
in which the insulation air pocket or air chamber is configured to follow
and surround the raised circular ridge and associated orifice protrusions
so as to retain the heat in the raised ridge and orifice protrusions in
order to maintain the process melt at a desired temperature in the
extrusion orifices at the die face. It is another object of the present
invention to provide a thermally insulated die plate assembly in accordance
with the preceding objects in which the insulation air pocket or air
chamber is vented to the atmosphere outside of the die plate assembly to
maintain the temperature and pressure conditions 



inside the cavity or chamber equilibrated to the atmosphere. It is a
further object of the present invention to provide a thermally insulated
die plate assembly in accordancewith the preceding objects in which the die
plate body is configured in a single-body construction. Yet another object
of the present invention is to provide a thermally insulated die plate
assembly in accordance with the preceding objects in which the die plate
body is configured in a two-piece construction including a removable center
die insert surrounded by a die plate outer ring. Still yet a further object
of the present invention is to provide a thermally insulated die plate
assembly in accordance with the preceding object in which the removable
insert and the die plate outer ring can be individually and/or separately
heated or thermally regulated. A final object to be set forth herein is to
provide a thermally insulated die plate assembly which will conform to
conventional forms of manufacture, will have improved strength and
robustness, will maintain the insulating air pocket tightly sealed to
provide improved thermal insulation in operation, and will be economically
feasible, long- lasting and relatively trouble-free in use. These together
with other objects and advantages which will become subsequently apparent
reside in the details of construction and operation as more fully
hereinafter described and claimed, reference being had to the accompanying
drawingsforming a part hereof, wherein like numerals refer to like parts
throughout . BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic
vertical sectional view of a first embodiment of a thermally insulated die
plate assembly in accordance with the present invention in which the
assembly is of a single body construction. Figure 2 is an enlarged
schematic vertical sectional view illustrating further details of the
components around an 



upper extrusion orifice for the embodiment shown in Figure 1 . Figure 3 is
a partial cut-away perspective view of the die plate assembly shown in
Figure 1 , illustrating the association of the various components. Figure 4
is a schematic vertical sectional view of a second embodiment of a
thermally insulated die plate assembly in accordance with the present
invention in which the assembly is of a two-piece construction, including a
removable center die insert and die plate outer ring. Figure 5 is a
schematic vertical cut-away side perspective view of one-half of the
removable center insert of the die plate assembly shown in Figure 4 .Figure
6 is an enlarged view of the components shown in Figure 5 , illustrating
the detail of the air chamber around the raised circular ridge and the
orifice protrusion. Figure 7 is a schematic top perspective view of onehalf
of the removable center insert of the die assembly shown in Figure 4 ,
showing the design of the raised circular ridge and the orifice protrusions
associated therewith. Figure 8 is a schematic bottom perspective view of a
cover plate which, when turned over, is assembled onto the top of the
removable center insert shown in Figure 7 to form the air pocket or air
chamber of the die plate assembly shown in Figure 4 . Figure 9 is an
enlarged schematic vertical section view showing the cover plate of Figure
8 assembled onto the removable insert shown in Figure 7 with the welds in
place around the periphery of the cover plate and around the extrusion
orifices, together with a hard face on the downstream surface of the cover
plate . Figure 10 is an exploded schematic vertical section view of a
thermally insulated die plate assembly similar to Figure 4 in which the
removable center insert includes a separate center heating coil.Figures
lla-g are a composite perspective view 



illustrating various configurations for the heat conducting protrusions in
accordance with the present invention. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS Although only preferred embodiments of the invention
are explained in detail it is to be understood that the invention is not
limited in its scope to the details of construction and arrangement of
components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being
practiced or carried out in various ways. Also, in describing the preferred
embodiments, specific terminology will be resorted to for the sake of
clarity. It is to be understood that each specific term includes all
technical equivalents which operate in a similar manner to accomplish a
similar purpose. Referring to the drawings, Figures 1 , 2 and 3 illustrate
one embodiment of the present invention associated with components of a
pelletizer, such as an underwater pelletizer. The pelletizer includes an
inlet housing 12 from a melting and/or mixing apparatus (not shown) . The
inlet housing 12 includes a passageway 14 for molten material or other
extrudate (hereinafter collectively referred to as "process melt") that can
include organic materials, oligomers, polymers,waxes, and combinations
thereof without intending to be limited. Nose cone 16 directs the process
melt to the upstream side of the single-body or one-piece die plate
assembly constructed in accordance with the present invention and generally
designated by reference numeral 10. The nose cone 16 can be attachedly
connected to the die plate assembly by a threaded rod (not shown) . The
threaded rod is screw threaded at one end into threaded bore 18 of nose
cone 16 and at its distal end into threaded bore 20 of die plate 10.
Alternately, the nose cone 16 can be rigidly affixed to or unitary with the
die plate 10 and need not be attachedly connected as herein described. The
single-body die plate assembly 10 contains a 



multiplicity of extrusion orifices 22 concentrically arranged singly or in
multiples thereof in at least one annular ring that extends from the
upstream face 24 to the downstream face or die face 26 of the die plate
assembly 10. A plurality of cutter blades 28 mounted on a rotatably driven
cutter hub 30 in a cutting chamber (not shown) cut the extruded and at
least partially solidified process melt extruded through orifices 22 into
pellets at the cutting surface of the die face 26. The pellets thusly
formed are transported mechanically, pneumatically, hydraulically, or in
combinations thereof to downstream processing, such as a dewatering system,
drying equipment and the like.The die plate assembly 10 is made up with two
major components, die plate body 36 and cover plate 38. A thin, continuous
air pocket or air chamber 32, parallel to die face 26, is formed between
the downstream side of the die plate body 36 and the upstream side of the
cover plate 38. In order for the extrusion orifices 22 to pass through the
air chamber 32, the extrusion orifices 22 extend through a raised circular
ridge 34 formed in the downstream face of the die plate body and orifice
protrusions 35 positioned on top of the ridge 34 (see Figure 2 ) , which
together define the extrusion orifice extensions, generally designated by
reference numeral 31. The upstream side of the cover plate 38 is provided
with a generally circular counterbore 76 which conforms to and receives the
circular array of orifice protrusions 35. The counterbore 76 has outlet
holes 39 which match the orifice protrusions 35 and form the distal ends 68
of the extrusion orifices 22. The distal ends 70 of protrusions 35 then fit
into the matching holes 39 in the cover plate 38. The raised circular ridge
34 and associated heat conducting protrusions 35, which encompass and
provide heat to the distal end 68 of the extrusion orifices 22, thus extend
through and are surrounded by the air chamber 32. 



In order to form the air pocket or air chamber 32, the central area of the
downstream face 26 of die plate body 36is machined or cut out to provide a
circular recess or cavity 33 . The cavity 33 extends beyond the extrusion
orifices 22 and is preferably formed with the raised circular ridge 34 in
place, although the ridge could be formed as a separate piece and welded or
otherwise attached to the bottom of the cavity 33. The raised ridge thus
divides the cavity 33 into an annular outer section 72 and an inner
circular section 74 . The orifice protrusions 35 can also be formed during
the machining process and thus be integral with the raised ridge 34.
However, preferably, the protrusions 35 are configured as separate collars
of the same material as the die plate body 36 (and ridge 34) and are
adhered to the top of ridge 34 as by welding or the like. Circular cover
plate 38 with holes 39 matching the distal ends 70 of the orifice
protrusions 35 overlays the recess cavity 33 and is attachedly connected to
die plate body 36 and to orifice protrusions 34 by brazing, welding, or
similar technique known to those skilled in the art. Preferably, the cover
plate 38 is constructed of an abrasion and corrosion resistant metal and,
more preferably, is constructed of nickel steel. Similarly, attachment of
the cover plate 38 to the die plate body 36 and to the distal ends 70 of
orifice protrusions 35 is preferably achieved by welding and, more
preferably, is achieved by nickel steel welding. Weldments 40 and 42
arepreferentially made at circumferential grooves 77 peripherally about the
cover plate 38 and into the cover plate holes 39 which are sized to expose
a portion of the distal end 70 of protrusions 35 for welding or the like.
To assist in rigidifying the cover plate 38 to the die plate body 36, the
peripheral edge 80 is designed to rest on ledge 82 cut into the downstream
face of the die plate body. The peripheral edge 80 and the die plate body
36 have opposing chamfers which form groove 77 for receiving the peripheral
weld 40 and maintain the 



peripheral edge 80 solidly against the ledge 82. The surface of the cover
plate 38 and thus the downstream face 26 is preferably coated with a
chemical, abrasion, corrosion, and wear resistant coating 60 as described
hereinbelow. Once weldment 42 is in place, along with wear resistant
coating 60, if included, the distal end 68 of the extrusion orifices 22 can
be completed by machining from the downstream side of the die plate
assembly, such as with an EDM machine or otherwise as known by those
skilled in the art, thus clearing any weld 42 and coating 60 from the
extrusion orifice distal end 68. The raised circular ridge 34 is preferably
trapezoidal in vertical cross -section to aid in channeling heat to the
orifice protrusions 35, which transfer the heat from the raised ridge to
the die face 26, thus maintaining the process melt at adesired temperature
in the extrusion orifice distal end 68, and to assist in creating a robust
thermally insulated die plate assembly. While a trapezoidal cross -section
for the raised circular ridge is preferred, other shapes for the ridge
crosssection could be designed by those skilled in the art in order to
achieve the foregoing goals, as contemplated by the present invention. The
assemblage as heretofore described encloses the circular recess 33 to form
the thin, continuous thermal air pocket or air chamber 32 which is
preferably connected to the surrounding atmosphere by at least one vent
tube 44 . Variation in temperature and/or pressure within the die plate
body 10 equilibrates by expansion or contraction of air into and through
vent tube 44 thus avoiding vacuum formation and/or pressure build-up which
could potentially lead to undesirable deformation of the downstream face
26. Raised ridge 34 and orifice protrusions 35 through-penetrate the
atmospheric air pocket 32 to provide continuous and more uniform heating
along the length of the through-penetrating extrusion orifices 22, and the 



weldment of their distal ends 70 to the openings 39 in the cover plate 38
serve to strengthen and maintain the planar shape of the cover plate . As
best seen in Figure 2 the air pocket or chamber 32 is generally parallel to
the die face 26, but extends into thecounterbore 76, as at 78, in order to
surround the outer periphery of each orifice protrusion 35. The thickness
of the air chamber 32 can vary at different locations but should be at
least about 0.05 mm to no more than about 6.0 mm deep, and preferably is
about 0.5 mm to about 1.0 mm deep. Stated another way, the thickness of the
air chamber 32 in the dimension parallel to the die face is preferably
about 5% to about 10% of the thickness of the die plate assembly 10. Cover
plate 38 preferably includes at least one circumferential expansion groove
62 on the portion of the cover plate 38 that extends beyond the circular
array of extrusion orifices 22. More preferably, at least one
circumferential expansion groove 62 is on each side of cover plate 38
outside the array of extrusion orifices. Still more preferably, a
multiplicity of circumferential expansion grooves 62 are positioned
staggeringly on opposite sides of the cover plate 38. The circumferential
expansion grooves 62 can be of any geometry in profile including but not
limited to square, angular, rounded, and hemispherical and the multiplicity
of grooves on cover plate 38 can be of similar or differing geometries.
Preferably, the circumferential grooves are rounded in profile as shown in
Figure 2 . As described previously, the raised circular ridge 34 of the
extrusion orifice extensions 31 is preferably unitarywith die plate body 36
and therefore of the same chemical composition. The orifice protrusions 35,
on the other hand, are formed as separate collars and attachedly connected
to the top of the raised ridge as by brazing, welding, and any similar
mechanism known to those skilled in the art. The protrusions 35 can be of
similar or differing composition to the ridge 34 and 



die plate body 36 of which the composition can include but is not limited
to tool steel, hardened tool steel, stainless steel, nickel steel, and the
like. Turning to Figures 4 through 9 there is shown a twopiece die plate
assembly, generally designated by reference numeral 100, in accordance with
a second embodiment of the present invention. The die plate assembly 100
includes a die plate outer ring 105 and removable center die insert 106.
Since many of the components of the die plate assembly 100 are the same as
or very similar to the components of the die plate assembly 10, the same
reference numerals are carried forward from the latter for corresponding
components in the former, but preceded by the "1" digit. Similarly to the
Figure 1 embodiment, the die plate assembly 100 is attachedly connected to
an inlet housing 112 from a melting and/or mixing apparatus (not shown) .
The inlet housing 112 includes a passageway 114 for process melt as
heretofore described. Nose cone 116 directs the process melt tothe upstream
side 124 of the removable insert 106 to which it is attachedly connected by
threaded rod (not shown) . The threaded rod is screw threaded at one end
into threaded bore 118 of nose cone 116 and at its distal end into threaded
bore 120 of removable insert 106. The removable center die insert 106
includes a multiplicity of extrusion orifices 122 concentrically arranged
singly or in multiples thereof in at least one annular ring that extends
from the upstream face 124 to the downstream face 126 of removable insert
106. A plurality of knife blade assemblies 128 mounted on a rotatably
driven cutter hub 130 in a cutting chamber (not shown) cut the extruded and
at least partially solidified process melt into pellets. The pellets thusly
formed are transported mechanically, pneumatically, hydraulically, or in
combinations thereof to downstream processing as before. The central areas
of the downstream face 126 of insert 



106 are machined or cut out to provide a central circular recess or cavity
133 in the same manner as described above for the first embodiment,
including raised circular ridge 134 and orifice protrusions 135, which
together define the extrusion orifice extensions 131 and encase the
extrusion orifices 122 through the cavity 133. A circular cover plate 138
with holes 139 matching the distal ends 170 of the orifice protrusions 135
overlays the recess cavity 133 to form a thin, continuousthermal air pocket
or air chamber 132 across the insert 106 generally parallel to the die face
126. The upstream side of cover plate 138 is also provided with a generally
circular counterbore 176 which includes the outlet holes 139 and conforms
to and receives the circular array of orifice protrusions 135. The
extrusion orifice extensions 131 made up of the raised circular ridge 134
and orifice protrusions 135 serve to channel and provide heat from the
insert body 136 to the distal end 168 of the extrusion orifices 122, while
at the same time the extensions 131 are thermally insulated from cover
plate 138 by the air chamber 132 which surrounds the orifice extensions
131. The cover plate 138 is attachedly connected to the periphery of the
insert body 136 and to orifice protrusion distal ends 170 by brazing,
welding, or similar technique known to those skilled in the art.
Preferably, the cover plate 138 is constructed of an abrasion and corrosion
resistant metal and more preferably is constructed of nickel steel.
Similarly, attachment of the cover plate 138 to the insert body 136 and
orifice protrusion distal ends 170 is preferably achieved by welding and,
more preferably, is achieved by nickel steel welding. Weldments 14 0 and
142 are preferentially made at circumferential grooves 176 peripherally
about the cover plate 138 and onto protrusion distal ends 170 at weldment
locus 142 (see Figure 9 ) . The surface of the cover plate 138 and thus
thedownstream face 126 of die insert 106 is preferably coated with a
chemical, abrasion, corrosion, and wear resistant coating as described
hereinbelow. 



The circular cavity 133 is preferably connected to the surrounding
atmosphere by at least one vent tube 144 which passes through both the
removable die insert 106 and the die plate outer ring 105. Variation in
temperature and/or pressure within the air chamber 132 equilibrates by
expansion or contraction of air into and through vent tube 144, thus
avoiding vacuum formation and/or pressure build-up which could potentially
lead to undesirable deformation of the downstream face 126. Raised ridge
134 and orifice protrusions 135 throughpenetrate the atmospheric air pocket
132 to provide continuous and more uniform heating along the length of the
extrusion orifices encompassed therewithin. The configuration of the raised
circular ridge 134, preferably trapezoidal in vertical cross-section,
serves to channel heat to the orifice protrusions 135 in order to assist in
maintaining the process melt in protrusions 135 at the desired temperature
prior to exit from the distal end 168 of extrusion orifices 122. Weldment
of the periphery of the cover plate 138 to the insert 106 and of the distal
ends 170 of the orifice protrusions 135 in the holes 139 of the cover plate
138 serve to strengthen and rigidify thecover plate in its planar shape, as
further described in the next paragraph . The insert body 136 and cover
plate 138 are designed with a multitude of complementary abutting surfaces
to improve the effectiveness of the weldments 140 and 142. This in turn
increases the rigidity of the assembled cover plate 138 onto the insert
body 136, improves the sealing of the air chamber 132 and provides an
overall robust die plate assembly 110. First, the machined cutout 133
includes peripheral ledge 182 (see Figures 6 and 7 ) which receives a
peripheral edge 184 of the cover plate 138 to define the periphery of the
air chamber 132. The complementary abutting surfaces of the insert body
peripheral ledge 182 and cover plate peripheral edge 184 are then held
together by weldment 140. Second, holes 139 of cover plate 138 



include a countersunk section 186 on their upstream side (see Figure 8 )
which forms a ledge 188 that engages the outer periphery of the distal ends
170 of the orifice protrusions 135 (see Figure 9 ) . These complementary
abutting surfaces 170 and 188 are adhered together by weldments 142 at each
extrusion orifice 168. The circular counterbore 176 in cover plate 138
differs from the circular counterbore 76 in cover plate 38 in that the
former is contoured with tapered side walls 190 to more closely follow the
contour of the tapered sides 192 of theraised ridge 134 . By more closely
following the contour of raised ridge 134, the counterbore 176 and
resultant air chamber 132 provide additional insulation about the ridge 134
and the associated orifice protrusions 135. In contrast, the circular
counterbore 76 is more rectangular in cross -section and is positioned
adjacent the raised ridge 34 without contouring dimensionally with its
tapered sides 92 . It is understood that the contours of the circular
counterbore 176 adjacent raised circular ridge 134 and of the counterbore
76 adjacent raised ridge 34 are only two non-limiting examples and other
designs comparable to and intermediate between these two configurations are
encompassed by the present invention. Use of the rectangular counterbore 76
and tapered counterbore 176 can be applied to the solid-body die plate
assembly 10 as well as to the two-piece die plate assembly 100. If desired,
cover plate 138 can be provided with circumferential grooves, such as
grooves 62 illustrated and described above for cover plate 38. Heating
and/or cooling processes can be provided by electrical resistance,
induction, steam or heat transfer fluid as has been conventionally
disclosed for the single-body die plate 10 as well as the two-piece die
plate assembly 100. As shown in Figures 1 and 4 , the die plate body 36 and
insert body 136 are each respectively heated by radial electric heaters
46and 146 positioned in radial slots 47 such as shown in Figure 3 , 



as well known in the art. In the two-piece die plate assembly 100 shown in
Figure 4 , the removable insert 106 and the die plate outer ring 105 can
each be separately heated by similar or differing mechanisms. For example,
Figure 10 illustrates a partially exploded view of a die plate assembly,
generally designated by reference numeral 200, which includes a
center-heated removable insert 208. Since many of the components of the die
plate assembly 200 are the same as or very similar to the components of the
die plate assembly 100, the same reference numerals are carried forward
from the latter for corresponding components in the former, but preceded by
the "2" digit instead of the "1" digit . The die plate assembly 200 thus
includes a die plate body, generally designated by reference numeral 212,
comprised of die plate outer ring 205 surrounding center-heated removable
insert 208. The electrical resistance coil 250 is contained in an annular
recess or cavity 252 centrally located within the insert 208 adjacent to
the upstream face 224. Nose cone 216 is attachedly connected to removable
insert 208 through use of a threaded rod (not shown) that is screw threaded
at one end into threaded bore 218 of nose cone 116 and at its distal end
into threaded bore 220 of removable insert 208 in a manner similar tothat
shown in Figures 1 and 4 . When attached, nose cone 116 closes off cavity
252 with coil 250 positioned therein. Other methods of fastening are
well-known to those skilled in the art. The removable insert 208 can thus
be heated separately as by electric radial heaters 146 hereinbefore
described in connection with the die plate assembly 100 shown in Figure 4 .
The downstream face 26, 126 of die plate assembly 10, 100, 200 can be in
one plane as shown in Figure 1 but preferably is of two parallel planes as
indicated by the encircled area 66, 166 in Figures 2 and 9 , wherein the
area adjacent to the outlets 68, 168 of extrusion orifices 22, 122 is
raised in a plane 



parallel to that of the downstream face 26, 126. The elevation of the plane
above that of the downstream face 26 should be at least approximately 0.025
mm, and preferably is at least approximately 0.50 mm. Similarly, the recess
cavity 33, 133 is at least approximately 1.05 millimeters in depth,
preferably on the order of 5.0 mm to 7.0 mm. The thickness of the cover
plate 38, 138 should be on the order of 1.0 mm to 8.0 mm, preferably about
6.0 mm in order to provide a thickness of the air chamber 32, 132 on the
order of about 0.05 mm to about 6.0 mm, and preferably about 0 .5 mm to
about 1 .0 mm . The surface of the downstream face 26, 126 is preferably
subjected to a chemical, abrasion, corrosion, and/orwear resistant
treatment, i.e., "surface treatment," in the annular area generally defined
by the array of extrusion orifice outlets 68, 168 and identified by the
numeral 60, 160 in Figures 2 and 9 . This annular area includes the cutting
face 63, 163 where the cutting blades engage the die face . The surface
treatment should be at least approximately 0.025 mm, and preferably is at
least approximately 0.50 mm. The composition of the surface treatment 60,
160 can be different in the planar area surrounding the extrusion orifice
outlets 68, 168 than that on other parts of the downstream face 26.
Preferably, the surface treatment 60, 160 is the same on all faces and can
involve one, two, or a multiplicity of processes inclusive and exemplary of
which are cleaning, degreasing, etching, primer coating, roughening,
grit-blasting, sand-blasting, peening, pickling, acid- wash, base-wash,
nitriding, carbonitriding, electroplating, electroless plating, electroless
nickel dispersion treatments, flame spraying including high velocity
applications, thermal spraying, plasma treatment, electrolytic plasma
treatments, sintering, powder coating, vacuum deposition, chemical vapor
deposition, physical vapor deposition, sputtering techniques, spray
coating, and vacuum brazing of carbides. 



Surface treatment for all surfaces, other than the cutting face, includes
flame spray, thermal spray, plasma treatment, electroless nickel dispersion
treatments, highvelocity air and fuel modified thermal treatments, and
electrolytic plasma treatments, singly and in combinations thereof. These
surface treatments metallize the surface, preferably fixedly attach metal
nitrides to the surface, more preferably fixedly attach metal carbides and
metal carbonitrides to the surface, and even more preferably fixedly attach
diamondlike carbon to the surface, still more preferably attach
diamond-like carbon in an abrasion-resistant metal matrix to the surface,
and most preferably attach diamond- like carbon in a metal carbide matrix
to the surface . Other ceramic materials can be used and are included
herein by way of reference without intending to be limiting. These
preferred surface treatments can be further modified optionally by
application of conventional polymeric coating on the downstream face 26,
126 distal from the extrusion orifice outlet 68, 168. The polymeric
coatings are themselves non-adhesive and of low coefficient of friction.
Preferably the polymeric coatings are silicones, fluoropolymers, and
combinations thereof. More preferably the application of the polymeric
coatings requires minimal to no heating to effect drying and/or cure.
Figure 11 illustrates additional configurations of extrusion orifices and
orifice protrusions projecting from the raised circular ridge. Figure 11a
illustrates concentric rings of orifice protrusions 302 projecting from
ridge 303 instaggered formation, each protrusion having a single extrusion
orifice 304. The extrusion orifices can be oriented in a multiplicity of
groups or pods 306 as illustrated in Figure lib for a grouping of two
extrusion orifices 308, Figure lie for a grouping of three extrusion
orifices 310, Figure H d for a cluster of four extrusion orifices 312,
Figure H e for a pod of sixteen extrusion orifices 314, Figure H f for a
multiplicity of thirty-seven extrusion orifices 316, and Figure H g for a 



multiplicity of sixteen extrusion orifices 318. Groups, clusters, pods, and
a multiplicity thereof can be arranged in any geometric configuration
including but not limited to oval, round, square, triangular, rectangular,
polygonal, and combinations thereof. The geometries of the orifice
protrusions can be further rounded, angled, and chamfered and can contain
any number of a multiplicity of orifices. Orientation of the geometries
containing the multiplicity of orifices can be circumferentially and
parallel to the arc, circumferentially and perpendicular to the arc,
staggered and alternatingly circumscribing the arc and any combination
thereof. Furthermore, the geometric orientation may conform to the arc as
in a kidney shape or comma- shape. A multiplicity of concentric rings, at
least one or more, of extrusion orifices can include extrusion orifices,
singly or a multiplicity thereof, that can be arranged in a linear
array,alternatingly, staggeredly, and any combination thereof relative to
the other concentric rings in accordance with the instant invention.
Further, while the outlet of the extrusion orifices 22, 122, such as outlet
68 in Figure 2 and outlet 168 in Figure 9 , is preferably round, the
outlets can be of any geometry including but not limited to round, oval,
square, rectangular, triangular, pentagonal, hexagonal, polygonal, slotted,
radially slotted and any combination thereof. A multiplicity of extrusion
orifice outlets 68 can be of different geometry in a particular protrusion
35. Further, the extrusion orifice extensions may include more than one
raised circular ridge 34, 134, depending upon the arrangement of the
extrusion orifices and the width of the cutting blade. In addition,
although at least one raised circular ridge 34, 134 is preferred to form
the base of the extrusion orifice extensions 31, 131, it may be possible to
design the extensions 31, 131 without any raised ridge. In such 



circumstances, the orifice protrusions 35, 135 would extend from the base
of cutout 33, 133 to the respective opening 68, 168 of the cover plate 38,
138 . The foregoing is considered as illustrative only of the principles of
the invention. Numerous modifications and changes will readily occur to
those skilled in the art.Therefore, it is not desired to limit the
invention to the exact construction and operation shown and described, and,
accordingly, all suitable modifications and equivalents may be resorted to,
falling within the scope of the invention.What is claimed is: 1 . A
thermally insulated extrusion die plate assembly for a pelletizer including
a plurality of extrusion orifices through which process melt is extruded to
exit at a cutting face as a strand to be cut into pellets by a moving
cutting assembly which comprises : (a) a die plate body having a cutout
formed centrally in a downstream side of said body; (b) at least one ring
of extrusion orifice extensions in said cutout through which said extrusion
orifices extend; (c) a cover plate sized to fit over said cutout and having
openings which mate with said extrusion orifices therethrough to form said
cutting face, said cover plate attached to said die plate body over said
cutout to form a thermally insulating air chamber in said assembly adjacent
said cutting face and surrounding said orifice extensions, said air chamber
equilibratingly vented to atmosphere outside of said die plate assembly;
and (d) at least one chemical, corrosion, abrasion or wear-resistant
surface treatment applied to an outside surface of said cover plate
including said cutting face. 2 . The assembly as claimed in claim 1 ,
wherein the die plate body is a single-body construction that is
thermallyregulated by at least one of electrical resistance, induction,
steam, and thermal transfer fluid. 3 . The assembly as claimed in claim 1 ,
wherein the die 



plate body is a two-piece construction including a removable insert and a
die plate outer ring that are thermally regulated by at least one of
electrical resistance, induction, steam, or thermal transfer fluid. 4 . The
assembly as claimed in claim 3 , wherein said removable insert and said die
plate outer ring are independently thermally regulated by at least one of
electrical resistance, induction, steam, or thermal transfer fluid. 5 . The
assembly as claimed in claim 1 , wherein the cutting face is a raised
annular plane through which penetrate the multiplicity of extrusion
orifices and a lower peripherally plane about each side of said raised
annular plane, said raised annular plane being at least about 0.025
millimeters higher than the peripherally plane. 6 . A pelletizer having a
die plate assembly as claimed in claim 1 .7 . The pelletizer as claimed in
claim 6 , wherein the pelletizer is an underwater pelletizer. 8 . The
assembly as claimed in claim I7 wherein the surface treatment includes at
least one of nitriding, carbonitriding, electroplating, electroless
plating, electroless nickel dispersion treatments, flame spraying including
high velocity applications, thermal spraying, plasma treatment,
electrolytic plasma treatments, sintering, powder coating, vacuum
deposition, chemical vapor deposition, physical vapor deposition,
sputtering techniques, and spray coating. 9 . The assembly as claimed in
claim I7 wherein said cover plate has a counter-bore which conforms to a
shape of said extrusion orifice extensions to further define said thermally
insulating air pocket. 10. The assembly as claimed in claim 9 , wherein
said extrusion orifice extensions are configured as a raised circular ridge
continuous and unitary with said die plate body and individual orifice
protrusions extending from said raised ridge 



to said cover plate.11. The assembly as claimed in claim 10, wherein said
raised circular ridge is configured to channel heat to said orifice
protrusions. 12. The assembly as claimed in claim 10, wherein said raised
circular ridge has a cross-section of trapezoidal shape. 13. The assembly
as claimed in claim 10, wherein said cover plate counter-bore is sized so
that the thermally insulating air chamber follows the contour of the raised
circular ridge. 14. The assembly as claimed in claim 1 , wherein the cover
plate contains at least one circumferential expansion groove on at least
one face. 15. The assembly as claimed in claim 14, wherein the cover plate
contains a multiplicity of circumferential expansion grooves on both faces
in a staggered and alternating configuration . IG. The assembly as claimed
in claim 1 , wherein the cover plate is made of a nickel steel and is
weldingly attached by nickel steel .17. The assembly as claimed in claim 1
, wherein the cover plate is weldingly attached to said die plate body at a
peripheral groove circumferentially about said cover plate and to distal
ends of said orifice protrusions at the openings in said cover plate. 18.
The assembly as claimed in claim 1 , wherein the atmospherically
equilibrated air chamber is at least 0.05 millimeters in depth. 19. The
assembly as claimed in claim 10, wherein the orifice protrusions are
through-penetrated by a multiplicity of extrusion orifices arranged in at
least one of groups, pods, and clusters . 20. The assembly as claimed in
claim 10, wherein the orifice protrusions can be at least one geometry
including oval, round, square, triangular, rectangular, polygonal, or 



combinations thereof, can be arranged concentrically alternating,
staggeredly, linearly, or combinations thereof, can be parallel to the arc
of the cutting face or perpendicular to the arc, and can be of a kidney- to
comma- shaped configuration.21. The assembly as claimed in claim 10,
wherein the orifice protrusions are separate elements attachedly connected
to the raised circular ridge on the die plate body. 22. The assembly as
claimed in claim 1 , wherein the extrusion orifice outlets can be of any
geometry including round, oval, square, rectangular, triangular,
pentagonal, hexagonal, polygonal, slotted, radially slotted and any
combination thereof . 23 . A thermally insulated extrusion die plate
assembly for a pelletizer including a plurality of extrusion orifices
through which process melt is extruded to exit at a cutting face as a
strand to be cut into pellets by moving cutting assembly which comprises :
(a) a die plate body having a cutout formed in a downstream side of said
body; (b) a cover plate welded around its periphery to said die plate body
to fit over said cutout and form a thermally insulating chamber in said
assembly adjacent said cutting face; and (c) at least one ring of extrusion
orifice extensions encasing said extrusion orifices through which the
process melt is carried from said die plate body to openings in said
coverplate to form said cutting face, said extrusion orifice extensions
configured as a raised circular ridge continuous and unitary with said die
plate body and individual orifice protrusions extending from said raised
ridge and welded to said cover plate adjacent said cover plate openings.
24. The assembly as claimed in claim 23, wherein said thermally insulating
chamber is equilibriatingly vented to atmosphere outside of said die plate
assembly. 25. The assembly as claimed in claim 23, wherein an 



outside surface of said cover plate including said cutting face has at
least one chemical, corrosion, abrasion or wear-resistant surface treatment
applied thereto. 26. A pelletizer having a die plate assembly as claimed in
claim 23 . 27. The pelletizer as claimed in claim 26, wherein the
pelletizer is an underwater pelletizer. 28. The assembly as claimed in
claim 23, wherein said raised circular ridge is configured to channel heat
to said orifice protrusions.29. The assembly as claimed in claim 28,
wherein said cover plate has a counter-bore which conforms to a shape of
said extrusion orifice extensions and is sized so that the thermally
insulating chamber follows the contour of the raised circular ridge . 30.
The assembly as claimed in claim 23, wherein the thermally insulating
chamber has a depth of at least 0.3 0 millimeters . 31. The assembly as
claimed in claim 23, wherein said die plate body and said cover plate
include complementary abutting surfaces where said cover plate is welded
around its periphery to said die plate body. 32. The assembly as claimed in
claim 31, wherein said cover plate and said orifice protrusions include
complementary abutting surfaces where said orifice protrusions are welded
to said cover plate adjacent said cover plate openings. 




