
ANTIBODIES AGAINST HUMAN IL-22 AND USES THEREFOR CROSS
REFERENCE TO RELATED APPLICATIONS TECHNICAL FIELD
[0001]This invention relates to antibodies, e.g.,
human antibodies, and antigen-binding fragments
thereof that bind interleukin-22 (IL-22), in
particular, human IL-22, and their use in regulating
IL-22-associated activities. The antibodies disclosed
herein are useful in diagnosing, preventing, and/or
treating IL-22 associated disorders, e.g., autoimmune
disorders, including arthritis. BACKGROUND OF THE
INVENTION [0002]Antigens initiate immune responses and
activate the two largest populations of lymphocytes: T
cells and B cells. After encountering antigen, T cells
proliferate and differentiate into effector cells,
while B cells proliferate and differentiate into
antibody-secreting plasma cells. These effector cells
secrete and/or respond to cytokines, which are small
proteins (< about 30 kDa) secreted by lymphocytes and
other cell types. [OOOSllnterleukin^ (IL-22) is a
class Il cytokine that shows sequence homology to
IL-10. Its expression is up-regulated in T cells by
IL-9 or ConA (Dumoutier L. et al. (2000) Proc Natl
Acad Sci USA 97(18):10144-9). Further studies have
shown that expression of IL-22 mRNA is induced in vivo
in response to LPS administration, and that IL-22
modulates parameters indicative of an acute phase
response (Dumoutier L. et al. (2000); Pittman D. et
al. (2001) Genes and Immunity 2:1 72). In addition,
IL-22 enhances the expression of antimicrobial
peptides associated with host defense, including
b-defensin, S100A7, S100A8, and S100A. WoIk et al.,
Immunity, 2 1:241-54 (2004); Boniface et al., J.
Immunol. 174:3695-3702 (2005); Liang et al., J. Exp.
Med., 203(1 0):2271 -79 (2006). Taken together, these
observations indicate that IL-22 plays a role in
inflammation (Kotenko S.V. (2002) Cytokine & Growth
Factor Reviews 13(3):223-40). [0004] IL-22 is believed
to bind to a receptor complex consisting of IL-22R and
IL-10R2, two members of the type Hcytokine receptor
family (CRF2) (Xie M.H. et al. (2000) J Biol Chem
275(40):31 335-9; Kotenko S.V. et al. (2001) J Biol
Chem 276(4):2725-32). Both chains of the IL-22
receptor are expressed constitutively in a number of
organs. Epithelial cell lines derived form these
organs are responsiveto IL-22 in vitro (Kotenko S.V.
(2002) Cytokine & Growth Factor Reviews 13(3):223-40).
IL-22 induces activation of the JAK/STAT3 and ERK
pathways, as well as intermediates of other MAPK
pathways (Dumoutier L. et al. (2000) supra; Xie M.H.
et al. (2000) supra; Dumoutier L. et al. (2000) J
Immunol 164(4) :1 814-9; Kotenko S.V. et al. (2001 ) J
Biol Chem 276(4):2725-32; Lejeu pe, D. et al. (2002) J
Biol Chem 277(37):33676-82). [0005]CRF2 members are
receptors for IFNoc/b, IFNg, coagulation factor Vila,
IL-10 and the IL-10 related proteins IL-19, IL-20,
IL-22, IL-24, IL-26, as well as the recently
identified IFN-like cytokines, IL-28 and IL-29
(Kotenko S.V. (2002) Cytokine & Growth Factor Reviews
13(3):223-40; Kotenko, S.V. et al. (2000) Oncogene
19(21):2557-65; Sheppard, P. et al. (2003) Nature
Immunology 4(1):63- 8; Kotenko, S.V. et al. (2003)
Nature Immunology 4(1 ):69-77). In addition to these
membrane receptors, the CRF2 family also includes a
soluble protein, IL-22 binding protein (IL-22BP),
which is specific for IL-22 and blocks its activity 



(Dumoutier, L. et al. (2001) J /mmt/no/
166(12):7090-5; Kotenko, S.V. et al. (2001) J fmmunol
166(12):7096-103; Xu, W. et al (2001) Proc Natl Acad
Sci USA 98(17):951 1-6; Gruenberg, B.H. et al. (2001 )
Genes & Immunity 2(6):329-34; Wei C-C et al. (2003)
Genes & Immunity 4:204-21 1). While the IL-22 receptor
complex is unique for IL-22, each chain (i.e., IL-22R
and IL-10R2) is shared with other CRF2 members to
define functional receptors for other cytokines,
including IL-20, IL-24 (IL-22R/IL-20R2), IL-28, IL-29
(IFN-lR1/IL-10R2) and IL-10 (IL-10R1/IL-1 0R2)
(Dumoutier, L. et al. (2001) J. Immunol.
167(7):3545-9; Wang, M. et al. (2002) J Biol Chem
277(9):7341 -7; Parrish-Novak, J. et al. (2002) J Biol
Chem 277(49) :475 17-23; Kotenko, S.V. et al. (1997)
EMBO J. 16(19):5894-903; Spencer, S.D. et al. ( 1998)
J Exp Med 187(4):571-8). [0006]Both chains of the
CRF2-composed receptor are necessary for signal
transduction. One chain of the composed receptor has
been historically defined as a ligand binding chain
(e.g., IFNgRI ) based on its high affinity for the
cytokine. The other chain (e.g., IFNgR2) has been
characterized as a helper or accessory chain, and
shows minimal affinity for the cytokine alone
(Kotenko, S.V. et al. (2000) Oncogene 19(21):2557-65).
For IL-22, IL-22R is the high affinity receptor
subunit with IL-10R2 subsequently binding to the
IL-22/IL-22R complex (Li, J. et al. (2004)Int.
Immunopharmacol. 4(5):673-708; Logsdon, N. J. et al.
(2002) J. Interferon Cytokine Res 22(1 1):1 099-1
112). SUMMARY OF THE INVENTION [0007]The present
application provides, at least in part, IL-22 binding
agents such as antibodies and antigen-binding
fragments thereof that bind to interleukin- 22
("IL-22"), in particular, human IL-22, with high
affinity and specificity. The antibodies and
antigen-binding fragments thereof of the present
invention are also referred to herein as "anti-IL-22
antibodies" and "fragments thereof," respectively. In
one embodiment, the antibody or fragment thereof
reduces, inhibits, or antagonizes IL-22 activity. Such
antibodies can be used to regulate immune responses or
IL-22-associated disorders by antagonizing IL-22
activity. In other embodiments, the anti-IL-22
antibody can be used diagnostically, or as a targeting
antibody to deliver a therapeutic or a cytotoxic agent
to an IL-22-expressing cell. Thus, the anti-IL-22
antibodies of the invention are useful in diagnosing,
treating, and/or preventing IL-22-associated
disorders, e.g., autoimmune disorders, e.g., arthritis
(including rheumatoid arthritis, juvenile rheumatoid
arthritis, osteoarthritis, psoriatic arthritis,
lupus-associated arthritis or ankylosing spondylitis),
scleroderma, systemic lupus erythematosis, HIV,
Sjogren's syndrome, vasculitis, multiple sclerosis,
autoimmune thyroiditis, dermatitis (including atopic
dermatitis and eczematous dermatitis), myasthenia
gravis, inflammatory bowel disease (IBD), Crohn's
disease, colitis, diabetes mellitus (type I);
inflammatory conditions of, e.g., the skin (e.g.,
psoriasis), cardiovascular system (e.g.,
atherosclerosis), nervous system (e.g., Alzheimer's
disease), liver (e.g., hepatitis), kidney (e.g.,
nephritis) and pancreas (e.g., pancreatitis);
cardiovascular disorders, e.g., cholesterol metabolic
disorders, oxygen free radical injury, ischemia;
disorders associated with wound healing; respiratory
disorders, e.g., asthma and COPD (e.g., cystic
fibrosis); acute inflammatory conditions (e.g.,
endotoxemia, sepsis and septicaemia, toxic shock
syndrome and infectious disease); transplant rejection
and allergy. In one 



embodiment, the IL-22-associated disorder is, an
arthritic disorder, e.g., a disorder chosen from one
or more of rheumatoid arthritis, juvenile rheumatoid
arthritis, osteoarthritis, psoriatic arthritis, or
ankylosing spondylitis; a respiratory disorder (e.g.,
asthma, chronic obstructive pulmonary disease (COPD);
or an inflammatory condition of, e.g., the skin (e.g.,
psoriasis), cardiovascular system
(e.g.,atherosclerosis), nervous system (e.g.,
Alzheimer's disease), liver (e.g., hepatitis), kidney
(e.g., nephritis), pancreas (e.g., pancreatitis), and
gastrointestinal organs, e.g., colitis, Crohn's
disease and IBD. [0008]Accordingly, in one aspect, the
invention features an isolated antibody that binds to
IL-22, in particular, human IL-22. In certain
embodiments, the anti-IL- 22 antibody may have at
least one of the following characteristics: (1) it is
a monoclonal or single specificity antibody; (2) it is
a human antibody; (3) it is an in vitro generated
antibody; (4) it is an in vivo generated antibody
(e.g., transgenic mouse system); (5) it binds to IL-22
with an association constant of at least 1012 M 1; (6)
it binds to IL-22 with an association constant of at
least 101 1 M 1; (7) it binds to IL-22 with an
association constant of at least 1010 M' 1; (8) it
binds to IL-22 with an association constant of at
least 109 M' 1; (9) it binds to IL-22 with an
association constant of at least 106 M 1; (10) it
binds to IL-22 with a dissociation constant of 500 nM
or less; (1 1) it binds to IL-22 with a dissociation
constant of 10 nM or less; ( 12) it binds to IL-22
with a dissociation constant of 150 pM or less; (13)
it binds to IL-22 with a dissociation constant of 60
pM or less; (14) it inhibits binding of IL-22 to IL-
22R or a receptor complex of IL-22R and IL-10R2 with
an IC5Oof 10 nM or less; (15) it blocks IL-22 mediated
proliferation of IL-22 receptor engineered BaF3 cells
with an IC50 of 1 nM or less in one embodiment, with
an IC50 of 150 pM or less in another embodiment, with
an IC50 of 100 pM or less in another embodiment, and
with an IC50 of 10 pM or less in another embodiment;
and ( 16) it blocks IL-22 mediated GROa secretion from
HT29 cells with an IC50 of 1 nM or less in one
embodiment, with an IC50 of 150 pM or less in another
embodiment, and with an IC50 of 10 pM or less in
another embodiment. IL-22 mediated BaF3 cell
proliferation and IL-22 mediated GROa secretion from
HT29 cells can be measured as described in the
examples. [0009]Nonlimiting illustrative embodiments
of the antibodies of the invention are referred to
herein as "GIL01 ," "GIL16," "GIL45," "GIL60,"
"GIL68," "GIL92," "097D09," "062A09," "062G05,"
"087B03," "367D04," "368D04," "166B06," "166G05,"
"375G06," "376B10," "354A08," "355B06," "355E04," and
"356A1 1." These antibodies can be germlined or
non-germlined. In another embodiment, the antibody is
chosen from 356A1 1, 354A08, 087B03, and 368D04. The
antibodies of the invention may specifically bind to
the same IL-22 epitope or a similar epitope(e.g., an
overiapping epitope) that GIL01 , GIL16, GIL45, GIL60,
GIL68, GIL92, 097D09, 062A09, 062G05, 087B03, 367D04,
368D04, 166B06, 166G05, 375G06, 376B1 0, 354A08,
355B06, 355E04, or 356A1 1 binds to. In other
embodiments, the antibodies specifically bind to a
fragment of an IL-22, e.g., a fragment of at least 10,
20, 50, 75, 100, 150, or 200 amino acids contiguous to
the amino acid sequence set forth in SEQ ID NO:1 , or
a sequence that is at least 85%, 90%, 95%, 96%, 97%,
98%, 99% or more identical thereto. In other
embodiments, the antibody competitively inhibits the
binding of at least one of GIL01 , GIL1 6, GIL45,
GIL60, GIL68, GIL92, 097D09, 062A09, 062G05, 087B03,
367D04, 368D04, 



166B06, 166G05, 375G06, 376B10, 354A08, 355B06,
355E04, or 356A1 1 to its target epitope. [001O]In one
embodiment, the antibody of the present invention
includes a VH domain, V L domain, or combination
thereof, of the Fv fragment of GIL01 , GIL16, GIL45,
GIL60, GIL68, GIL92, 097D09, 062A09, 062G05, 087B03,
367D04, 368D04, 166B06, 166G05, 375G06, 376B10,
354A08, 355B06, 355E04, or 356A1 1. For example, the
antibody includes a V and/or a VL domain having amino
acid sequence as set forth in Tables 1 and 7 (SEQ ID
NO:5, 23, 4 1, 59, 77, 95, 113 , 131 , 149, 167, 185,
203, 221 , 239, 257, 275, 293, 3 11, 329, 347, 365,
383, 401 , 4 19, 437, 455, 473, 491 , 509, 527, 545,
563, 581 , 599, or 6 17 for VH and SEQ ID NO:6, 24,
42, 6O 78, 96, 114, 132, 150, 168, 186, 204, 222, 240,
258, 276, 294, 312, 330, 348, 366, 384, 402, 420, 438,
456, 474, 492, 510, 528, 546, 564, 582, 600, or 618
for VL) , or a sequence substantially identical
thereto (e.g., a sequence at least about 85%, 90%,
95%, 96%, 97%, 98%, 99% or more identical thereto, or
which differs by no more than 1, 2, 5, 10 or 15 amino
acid residues from SEQ ID NO:5, 6, 23, 24, 4 1, 42,
59, 60, 77, 78, 95, 96, 113, 114, 131 , 132, 149, 150,
167, 168, 185, 186, 203, 204, 221 , 222, 239, 240,
257, 258, 275, 276, 293, 294, 3 11, 312, 329, 330,
347, 348, 365, 366, 383, 384, 401 , 402, 419, 420,
437, 438, 455, 456, 473, 474, 491 , 492, 509, 510,
527, 528, 545, 546, 563, 564, 581 , 582, 599, 600,
617, or 618). [001 1] In another embodiment, the
antibody of the present invention includes a VH
domain, VL domain, or combination thereof, of the Fv
fragment of an antibody chosen from 356A1 1, 354A08,
087B03, and 368D04. In this embodiment, the antibody,
or antigen-binding fragment thereof, comprises:[0012]
a VH domain comprising the amino acid sequence set out
in SEQ ID NO:167 or 491 and/or a VL domain comprising
the amino acid sequence set out in SEQ ID NO:168 or
492 (087B03); [001 3]a V H domain comprising the amino
acid sequence set out in SEQ ID NO:293 or 545 and/or a
VL domain having the amino acid sequence set out in
SEQ ID NO:294 or 546 (354A08); [0014]a VH domain
comprising the amino acid sequence set out in SEQ ID
NO:203 or 617 and/or a VL domain comprising the amino
acid sequence set out in SEQ ID NO:204 or 618
(368D04); or [0015]a VH domain comprising the amino
acid sequence set out in SEQ ID NO:347 or 599 and/or a
VL domain comprising the amino acid sequence set out
in SEQ ID NO:348 or 600 (356A1 1) . [001 6] In another
embodiment, the antibody includes a VH and/or VL
domain encoded by a nucleic acid having a nucleotide
sequence as set forth in Tables 1 and 7 (SEQ ID NO:14,
32, 50, 68, 86, 104, 122, 140, 158, 176, 194, 212,
230, 248, 266, 284, 302, 320, 338, 356, 374, 392, 410,
428, 446, 464, 482, 500, 518, 536, 554, 572, 590, 608,
or 626 for VH and SEQ ID NO: 15, 33, 5 1, 69, 87, 105,
123, 141 , 159, 177, 195, 213, 231 , 249, 267, 285,
303, 321 , 339, 357, 375, 393, 4 11, 429, 447, 465,
483, 501 , 519, 537, 555, 573, 591, 609, or 627 for
VL) , or a sequence substantially identical thereto
(e.g., a sequence at least about 85%, 90%, 95%, 96%,
97%, 98%, 99% or more identical thereto, or which
differs by no more than 1, 2, 3, 6, 15, 30 or 45
nucleotides from SEQ ID NQ: 14, 15, 32, 33, 50, 51, 



68, 69, 86, 87, 104, 105, 122, 123, 140, 141 , 158,
159, 176, 177, 194, 195, 212, 2 13, 230, 231 , 248,
249, 266, 267, 284, 285, 302, 303, 320, 321 , 338,
339, 356, 357, 374, 375, 392, 393, 410, 4 11, 428,
429, 446, 447, 464, 465, 482, 483, 500, 501 , 518,
519, 536, 537, 554, 555, 572, 573, 590, 591 , 608,
609, 626, or 627). [001 7] In other embodiments, the
antibody includes an Fv domain having an amino acid
sequence as set forth in Tables 1 and 7 (SEQ ID NO:7,
25, 43, 6 1, 79, 97, 115, 133, 151 , 169, 187, 205,
223, 241 , 259, 277, 295, 313, 331 , 349, 367, 385,
403, 421 , 439, 457, 475, 493, 5 11, 529, 547, 565,
583, 601 , or 6 19), or a sequence substantially
identical thereto (e.g., a sequence at least about
85%, 90%, 95%, 96%, 97%, 98%, 99% or more identical
thereto, or which differs by no more than 1, 2, 5, 10,
15, 20, 30 or 35 amino acid residues from SEQ ID NO:7,
25, 43,6 1, 79, 97, 115, 133, 15 1, 169, 187, 205,
223, 241 , 259, 277, 295, 313, 331 , 349, 367, 385,
403, 421 , 439, 457, 475, 493, 5 11, 529, 547, 565,
583, 601 , or 619). In another embodiment, the
antibody of the present invention includes an Fv
domain of an antibody chosen from 356A1 1 (SEQ ID
NO:349 or 601), 354A08 (SEQ ID NO:295 or 547), 087B03
(SEQ ID NO:169 or 493), and 368D04 (SEQ ID NO:205 or
619). In another embodiment, the antibody includes an
Fv domain encoded by a nucleic acid having a
nucleotide sequence as set forth in Tables 1 and 7
(SEQ ID NO: 16, 34, 52, 70, 88, 106, 124, 142, 160,
178, 196, 214, 232, 250, 268, 286, 304, 322, 340, 358,
376, 394, 412, 430, 448, 466, 484, 502, 520, 538, 556,
574, 592, 610, or 628), or a sequence substantially
identical thereto (e.g., a sequence at least about
85%, 90%, 95%, 96%, 97%, 98%, 99% or more identical
thereto, or which differs by no more than 1, 2, 3, 6,
15, 30, 45, 60, 90 or 105 nucleotides from SEQ ID NO:
16, 34, 52, 70, 88, 106, 124, 142, 160, 178, 196, 214,
232, 250, 268, 286, 304, 322, 340, 358, 376, 394, 412,
430, 448, 466, 484, 502, 520, 538, 556, 574, 592, 610,
or 628). In yet other embodiments, the antibody
comprises at least one complementarity determining
region (CDR) of these VH and VL domains. For example,
the antibody can include one, two, or three CDR's of
the VH domain having an amino acid sequence as set
forth in or included within the sequences in Tables 1
and 7 (SEQ ID NO:5, 7, 8, 9, 10, 23, 25, 26, 27, 28, 4
1, 43, 44, 45, 46, 59, 6 1, 62, 63, 64, 77, 79, 80, 8
1, 82, 95, 97, 98, 99, 100, 113, 115, 116, 117, 118,
131 , 133, 134, 135, 136, 149, 151 , 152, 153, 154,
167, 169, 170, 171 , 172, 185, 187, 188, 189, 190,
203, 205, 206, 207, 208, 221 , 223, 224, 225, 226,
239, 241 , 242, 243, 244, 257, 259, 260, 261 , 262,
275, 277, 278, 279, 280, 293, 295, 296, 297, 298, 3
11, 313, 314, 315, 316, 329, 331 , 332, 333, 334, 347,
349, 350, 351 , 352, 365, 367, 368, 369, 370, 383,
385, 386, 387, 388, 401 , 403, 404, 405, 406, 4 19,
421 , 422, 423, 424, 437, 439, 440, 441 , 442, 455,
457, 458, 459, 460, 473, 475, 476, 477, 478, 491 ,
493, 494, 495, 496, 509, 5 11, 512, 513, 514, 527,
529, 530, 531 , 532, 545, 547, 548, 549, 550, 563,
565, 566, 567, 568, 581 , 583, 584, 585, 586, 599,
601, 602, 603, 604, 617, 619, 620, 621 , or 622), or a
sequence substantially homologous thereto (e.g., a
sequence at least about 85%, 90%, 95%, 96%, 97%, 98%,
99% or more identical thereto). In another embodiment,
the antibody of the present invention includes one,
two, or three CDR's of the VH domain of an antibody
chosen from 356A1 1, 354A08, 087B03, and 368D04. In
thisembodiment, the antibody, or antigen-binding
fragment thereof, comprises a heavy chain variable
region comprising: [0018]a) SEQ ID NO:170 or 494; b)
SEQ ID NO: 17 1 or 495; and/or e) SEQ 



ID NO: 172 or 496 (087B03); [0019ja) SEQ ID NO:296 or
548; b) SEQ ID NO:297 or 549; and/or c) SEQ ID NO:298
or 550 (354A08); [0020]a) SEQ ID NO:206 or 620; b) SEQ
ID NO:207 or 621 ; and/or c) SEQ ID NO:208 or 622
(368D04); or [0021 ]a) SEQ ID NO:350 or 602; b) SEQ ID
NO.351 or 603; and/or c) SEQ ID NO:352 or 604 (356A1
1). [0022] In another embodiment, the antibody can
include one, two, or three CDR's of the VL domain
having an amino acid sequence as set forth in or
included within the sequences in Tables 1 and 7 (SEQ
ID NO:6, 7, 11, 12, 13, 24, 25, 29, 30, 3 1, 42, 43,
47, 48, 49, 60, 6 1, 65, 66, 67, 78, 79, 83, 84, 85,
96, 97, 101 , 102, 103, 114, 115, 119, 120, 121 , 132,
133, 137, 138, 139, 150, 151 , 155, 156, 157, 168,
169, 173, 174, 175, 186, 187, 191, 192, 193, 204, 205,
209, 210, 2 11, 222, 223, 227, 228, 229, 240, 241 ,
245, 246, 247, 258, 259, 263, 264, 265, 276, 277, 281
, 282, 283, 294, 295, 299, 300, 301 , 312, 313, 317,
318, 319, 330, 331 , 335, 336, 337, 348, 349, 353,
354, 355, 366, 367, 371 , 372, 373, 384, 385, 389,
390, 391 , 402, 403, 407, 408, 409, 420, 421 , 425,
426, 427, 438, 439, 443, 444, 445, 456, 457, 461 ,
462, 463, 474, 475, 479, 480, 481 , 492, 493, 497,
498, 499, 510, 5 11, 515, 516, 517, 528, 529, 533,
534, 535, 546, 547, 551 , 552, 553, 564, 565, 569,
570, 571 , 582, 583, 587, 588, 589, 600, 601 , 605,
606, 607, 618, 619, 623, 624, or 625), or a sequence
substantially identical thereto (e.g., a sequence at
least about 85%, 90%, 95%, 96%, 97%, 98%, 99% or more
identical thereto). In another embodiment, the
antibody of the present invention includes one, two,
or three CDR's of the Vu domain of an antibody chosen
from 356A1 1, 354A08, 087B03, and 368D04. In this
embodiment, the antibody, or antigen-binding fragment
thereof, comprises a light chain variable region
comprising: [0023]a) SEQ ID NO: 173 or 497; b) SEQ ID
NO: 174 or 498; and/or c) SEQ ID NO:1 75 or 499
(087B03); [0024] a) SEQ ID NO:299 or 551 ; b) SEQ ID
NO:300 or 552; and/or c) SEQ ID NO:301 or 553
(354A08);[0025]a) SEQ ID NO:209 or 623; b) SEQ ID
NO:210 or 624; and/or c) SEQ ID NO:21 1 or 625
(368D04); or [0026]a) SEQ ID NO:353 or 605; b) SEQ ID
NO:354 or 606; and/or c) SEQ ID NO:355 or 607 (356A1
1). [0027] In a still further embodiment, the antibody
comprises an H3 fragment of the VH domain of GIL01 ,
GIL16, GIL45, GIL60, GIL68, GIL92, 097D09, 062A09,
062G05, 087B03, 367D04, 368D04, 166B06, 166G05,
375G06, 376B10, 354A08, 355B06, 355E04, or 356A1 1,
e.g., an H3 fragment having the amino acid sequence as
set forth in Tables 1 and 7 (SEQ ID NO:10, 28, 46, 64,
82, 100, 118, 136, 154, 172, 190, 208, 226, 244, 262,
280, 298, 316, 334, 352, 370, 388, 406, 424, 442, 460,
478, 496, 514, 532, 550, 568, 586, 604, or 622), or a
sequence substantially identical thereto (e.g., a
sequence at least about 85%, 90%, 95%, 96%, 97%, 98%,
99% or more identical thereto). [0028]The antibody of
the invention can be full-length (e.g., include at
least one complete heavy chain and at least one
complete light chain) or can include only an
antigen-binding fragment (e.g., a Fab, F(ab')2, Fv, a
single chain Fv 



fragment, a Fd fragment, or a dAb fragment). The
antibody can include a constant region, or a portion
thereof, chosen from any of: the kappa, lambda, alpha,
gamma, delta, epsilon and mu constant region genes.
For example, heavy chain constant regions of the
various isotypes can be used, including: IgGi, IgG2,
IgG3, IgG4, IgM, IgAi, IgA2, IgD, and IgE. The light
chain constant region can be chosen from kappa or
lambda. The antibody may be an IgG, or it may also be
IgGi or IgGi g. [0029] The anti-IL-22 antibody
described herein can be derivatized or linked to
another functional molecule (such as another peptide
or protein (e.g., a Fab fragment)). For example, an
antibody of the invention can be functionally linked
(e.g., by chemical coupling, genetic fusion,
non-covalent association or otherwise) to at least one
other molecular entity, such as another antibody
(e.g., a bispecific or a multispecific antibody),
toxin, radioisotope, cytotoxic or cytostatic agent,
among others. [003O]In another aspect, the invention
features a pharmaceutical composition containing at
least one anti-IL-22 antibody and a pharmaceutically
acceptable carrier. The pharmaceutical composition can
further include acombination of at least one
anti-IL-22 antibody and at least one therapeutic agent
(e.g., cytokine and growth factor inhibitors,
immunosuppressants, anti-inflammatory agents,
metabolic inhibitors, enzyme inhibitors, cytotoxic
agents, cytostatic agents, or combinations thereof, as
described in more detail herein). Combinations of the
anti-IL-22 antibody and a therapeutic agent are also
within the scope of the invention. The compositions
and combinations of the invention can be used to
regulate IL-22-associated inflammatory conditions,
e.g., by modulating IL-22 signaling through its
receptors located on epithelial cells of a variety of
tissues, including, but not limited to, those of the
pancreas, skin, lung, gut, liver, kidney, salivary
gland, and vascular endothelia, in addition to
potentially activated and tissue localized immune
cells. [0031 ]ln another aspect, the invention
features a method of treating a subject with an
IL-22-associated disorder. The method includes
administering to the subject an anti-IL-22 antibody in
an amount sufficient to inhibit at least one IL- 22
activity of immune cells, thereby treating the
IL-22-associated disorder. [0032]The anti-IL-22
antibody can be administered to the subject, alone or
in combination, with other therapeutic agents as
described herein. The subject may be a mammal, e.g.
human. For example, the method can be used to treat a
subject with an IL-22-associated disorder such as
autoimmune disorders, e.g., arthritis (including
rheumatoid arthritis, juvenile rheumatoid arthritis,
osteoarthritis, psoriatic arthritis, lupus-associated
arthritis or ankylosing spondylitis), scleroderma,
systemic lupus erythematosis, HIV, Sjogren's syndrome,
vasculitis, multiple sclerosis, autoimmune
thyroiditis, dermatitis (including atopic dermatitis
and eczematous dermatitis), myasthenia gravis,
inflammatory bowel disease (IBD), Crohn's disease,
colitis, diabetes mellitus (type I); inflammatory
conditions of, e.g., the skin (e.g., psoriasis),
cardiovascular system (e.g., atherosclerosis), nervous
system (e.g., Alzheimer's disease), liver (e.g.,
hepatitis), kidney (e.g., nephritis) and pancreas
(e.g., pancreatitis); cardiovascular disorders, e.g.,
cholesterol metabolic disorders, oxygen free radical
injury, ischemia; disorders associated with wound 



healing; respiratory disorders, e.g., asthma and COPD
(e.g., cystic fibrosis); acute inflammatory conditions
(e.g., endotoxemia, sepsis and septicaemia, toxic
shock syndrome and infectious disease); transplant
rejection and allergy. In one embodiment, the
IL-22-associated disorder is, an arthritic disorder,
e.g., a disorderchosen from one or more of rheumatoid
arthritis, juvenile rheumatoid arthritis,
osteoarthritis, psoriatic arthritis, or ankylosing
spondylitis; a respiratory disorder (e.g., asthma,
chronic obstructive pulmonary disease (COPD); or an
inflammatory condition of, e.g., the skin (e.g.,
psoriasis), cardiovascular system (e.g.,
atherosclerosis), nervous system (e.g., Alzheimer's
disease), liver (e.g., hepatitis), kidney (e.g.,
nephritis), pancreas (e.g., pancreatitis), and
gastrointestinal organs, e.g., colitis, Crohn's
disease and IBD. [0033] In another aspect, the
invention features a method of decreasing, inhibiting
or reducing an acute phase response in a subject. The
method includes administering to the subject an IL-22
binding agent, e.g., an IL-22 antagonist, (e.g., an
anti-IL-22 antibody or fragment thereof as described
herein), in an amount sufficient to decrease, inhibit
or reduce the acute phase response in the subject. In
one embodiment, the subject is a mammal, e.g., a human
suffering from an IL-22- associated disorder,
including, e.g., respiratory disorders, inflammatory
disorders and autoimmune disorders. In one embodiment,
the IL-22 binding agent is administered locally, e.g.,
topically, subcutaneously, or other administrations
that are not in the general circulation. [0034] In
another aspect, an IL-22 binding agent can be used to
alter the type of immune respone and/or increase the
efficacy of a vaccine formulation used to immunize a
subject. For example, an anti-IL-22 antibody of the
present invention can be administered before, during
and/or after an immunization to increase vaccine
efficacy. In one embodiment, the vaccine formulation
contains one or more IL-22 antagonists and an antigen,
i.e., an immunogen, including, for example, viral,
bacterial, or tumor antigens. In another embodiment,
the IL-22 antagonist and the immunogen are
administered separately, e.g., within one hour, three
hours, one day or two days of each other. [0035] In
another aspect, the invention provides a method for
detecting the presence of IL-22 in a sample in vitro.
Samples may include biological samples such as serum,
plasma, tissue and biopsy. The subject method can be
used to diagnose a disorder, such as an
IL-22-associated disorder as described herein. The
method includes: ( 1) contacting the sample or a
control sample with an anti-IL- 22 antibody, and (2)
detecting formation of a complex between the
anti-IL-22 antibody and the sample or the control
sample, wherein a statistically significantchange in
the formation of the complex in the sample relative to
a control sample, is indicative of the presence of the
IL-22 in the sample. [0036] In another aspect, the
invention provides a method for detecting the presence
of IL-22 in vivo (e.g., in vivo imaging in a subject).
The method can be used to diagnose a disorder, e.g.,
an IL-22-associated disorder as described herein. The
method includes: (1) administering an anti-IL-22
antibody to a subject or a control subject under
conditions that allow binding of the antibody to
IL-22, and (2) detecting formation of a complex
between the antibody and IL-22, wherein a
statistically significant change in the formation of
the complex in the subject relative to a control,
e.g., a control subject, is indicative of the presence
of IL-22. 



[0037]The antibody may be directly or indirectly
labeled with a detectable substance to facilitate
detection of the bound or unbound antibody. Suitable
detectable substances include various enzymes,
prosthetic groups, fluorescent materials, luminescent
materials and radioactive materials. [0038] In another
aspect, the invention provides a method for delivering
or targeting an agent, e.g., a therapeutic or a
cytotoxic agent, to an IL-22-expressing cell in vivo.
The method includes administering an anti-IL-22
antibody to a subject under conditions that allow
binding of the antibody to IL-22. The antibody may be
coupled to a second therapeutic moiety, such as a
toxin. [0039]The disclosure provides nucleic acid
sequences from the VHand VL domains of GIL01 , GIL16,
GIL45, GIL60, GIL68, GIL92, 097D09, 062A09, 062G05,
O87B03, 367D04, 368D04, 166B06, 166G05, 375G06,
376B10, 354A08, 355B06, 355E04, and 356A1 1. Also
provided are nucleic acid sequences that comprise at
least one CDR from GIL01 , GIL16, GIL45, GIL60, GIL68,
GIL92, 097D09, 062A09, 062G05, 087B03, 367D04, 368D04,
166B06, 166G05, 375G06, 376B1 0, 354A08, 355B06,
355E04, and 356A1 1. The disclosure also provides
vectors and host cells comprising such nucleic acids.
[0040]The disclosure further provides methods of
producing new VH and VL domains and functional
antibodies comprising all or a portion of such domains
derived from the VH or VL domains of GIL01 , GIL16,
GIL45, GIL60, GIL68, GIL92, 097D09, 062A09, 062G05,
087B03, 367D04, 368D04, 166B06, 166G05, 375G06,
376B10, 354A08, 355B06, 355E04, or 356A1 1.[0041]
Additional aspects of the disclosure will be set forth
in part in the description, and in part will be
obvious from the description, or may be learned by
practicing the invention. The invention is set forth
and particularly pointed out in the claims, and the
disclosure should not be construed as limiting the
scope of the claims. The following detailed
description includes exemplary representations of
various embodiments of the invention, which are not
restrictive of the invention as claimed. The
accompanying figures constitute a part of this
specification and, together with the description,
serve only to illustrate embodiments and not limit the
invention. BRIEF DESCRIPTION OF THE FIGURES [0042]
Figure 1. Potency of parent anti-IL-22 scFv clones in
the IL-22 receptor complex assay: bio.lL-22 binding
IL-22 receptor complex DELFlA competition assay.
[0043]Figure 2. Profiling of lead scFv clones in IL-22
receptor complex assay: bio. IL-22 binding IL-22
receptor complex DELFIA competition assay. (A) GIL 1
derived. (B) GIL 16 derived. (C) GIL 16, GIL 60, and
GIL 68 derived. (D) GIL 60 derived. (E) GIL 68
derived. (F) GIL 68 derived. (G) GIL 92 derived.
[0044] Figure 3. IgG potency in GROa cell based
assays. Optimized GILIgGs in hulL-22 GROa assay. (A)
Germlined IgG. (B) Non-germlined IgG. [0045] Figure 4.
Cross species reactivity of IL-22 antibodies by ELISA.
Optimized GIL-IgGs specifically bind to IL-22. (A)
Germlined IgG. (B) Nongermlined IgG. [0046] Figure 5.
Amino acid and nucleotide sequences of human IL-22.
The nucleotide sequence of human IL-22 is SEQ ID NO:2
and includes a poly (A) tail. 



The disclosed nucleotide sequence includes an open
reading frame and the amino acid sequence of
full-length IL-22 protein corresponding to the
foregoing nucleotide sequence is reported in SEQ ID
NO:1 . The amino acid sequence of mature IL-22
corresponds to about amino acids 34-179 of SEQ ID NO:1
. [0047] Figure 6. Amino acid and nucleotide sequences
of mouse IL-22. [0048] Figure 7. Amino acid and
nucleotide sequences of non-germlined GIL01 , GIL16,
GIL45, GIL60, GIL68, GIL92, 097D09, 062A09, 062G05,
087B03, 367D04, 368D04, 166B06, 166G05, 375G06,
376B10, 354A08, 355B06, 355E04,and 356A1 1, including
VH and VL domains, and CDRs (H1 , H2, H3, L 1 , L2,
and L3). [0049] Figure 8. Amino acid and nucleotide
sequences of germlined GIL01 , GIL16, GIL45, GIL60,
GIL68, GIL92, 062A09, 087B03, 166B06, 166G05, 354A08,
355B06, 355E04, 356A1 1, and 368D04, including VH and
VL domains, and CDRs (H1 , H2, H3, L 1, L2, and L3).
[0050] Figure 9. Amino acid and nucleotide sequences
of scFv's for nongermlined GIL01 , GIL16, GIL45,
GIL60, GIL68, GIL92, 097D09, 062A09, 062G05, 087B03,
367D04, 368D04, 166B06, 166G05, 375G06, 376B10,
354A08, 355B06, 355E04, and 356A1 1, with CDRs
underlined (H1, H2, H3, L 1, L2, and L3). [0051]
Figure 10. Amino acid and nucleotide sequences of
scFv's for germlined GIL01 , GIL16, GIL45, GIL60,
GIL68, GIL92, 062A09, 087B03, 166B06, 166G05, 354A08,
355B06, 355E04, 356A1 1, and 368D04 with CDRs
underlined (H1 , H2, H3, L 1, L2, and L3). DETAILED
DESCRIPTION I. Definitions [0052] In order that the
present invention may be more readily understood,
certain terms are first defined. Additional
definitions are set forth throughout the detailed
description. [0053]The term "antibody" refers to an
immunoglobulin or fragment thereof, and encompasses
any polypeptide comprising an antigen-binding fragment
or an antigen-binding domain. The term includes but is
not limited to polyclonal, monoclonal, monospecific,
polyspecific, non-specific, humanized, human,
single-chain, chimeric, synthetic, recombinant,
hybrid, mutated, grafted, and in vitro generated
antibodies. Unless preceded by the word "intact", the
term "antibody" includes antibody fragments such as
Fab, F(ab')2, Fv, scFv, Fd, dAb, and other antibody
fragments that retain antigen-binding function.
Typically, such fragments would comprise an
antigen-binding domain. [0054]The terms
"antigen-binding domain" and "antigen-binding
fragment" refer to a part of an antibody molecule that
comprises amino acids responsible for the specific
binding between antibody and antigen. The part of the
antigen that is specifically recognized and bound by
the antibody is referred to as the "epitope." An
antigen-binding domain may comprise an antibody light
chainvariable region (VL) and an antibody heavy chain
variable region (VH); however, it does not have to
comprise both. Fd fragments, for example, have two
VHregions and often retain some antigen-binding
function of the intact antigen-binding domain.
Examples of antigen-binding fragments of an antibody
include (1) a Fab fragment, a monovalent fragment
having the VL, VH, CL and CH1 domains; (2) a F(ab')2
fragment, a bivalent fragment having two Fab fragments
linked by a 



disulfide bridge at the hinge region; (3) a Fd
fragment having the two VH and CH1 domains; (4) a Fv
fragment having the VL and VH domains of a single arm
of an antibody, (5) a dAb fragment (Ward et al., (
1989) Nature 341 :544-546), which has a VH domain; (6)
an isolated complementarity determining region (CDR),
and (7) a single chain Fv (scFv). Although the two
domains of the Fv fragment, VL and VH > are coded for
by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in
which the V L and VH regions pair to form monovalent
molecules (known as single chain Fv (scFv); see e.g.,
Bird et al. (1988) Science 242:423-426; and Huston et
al. ( 1988) Proc. Natl. Acad. ScL USA 85:5879-5883).
These antibody fragments are obtained using
conventional techniques known to those with skill in
the art, and the fragments are evaluated for function
in the same manner as are intact antibodies. [0055]The
term "effective amount" refers to a dosage or amount
that is sufficient to regulate IL-22 activity to
ameliorate clinical symptoms or achieve a desired
biological outcome, e.g., decreased T cell and/or B
cell activity, suppression of autoimmunity,
suppression of transplant rejection, etc. [0056]The
term "human antibody" includes antibodies having
variable and constant regions corresponding
substantially to human germline immunoglobulin
sequences known in the art, including, for example,
those described by Kabat et al. (See Kabat, et al.
(1991) Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91- 3242). The
human antibodies of the invention may include amino
acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced
by random or site-specific mutagenesis in vitro or by
somatic mutation in vivo), for example in the CDRs,
and in particular, CDR3. The human antibody can have
at least one, two, three, four, five, or more
positions replaced with anamino acid residue that is
not encoded by the human germline immunoglobulin
sequence. [0057]The phrase "inhibit" or "antagonize"
IL-22 activity and its cognates refer to a reduction,
inhibition, or otherwise diminution of at least one
activity of IL-22 due to binding an anti-IL-22
antibody, wherein the reduction is relative to the
activity of IL-22 in the absence of the same antibody.
The activity can be measured using any technique known
in the art, including, for example, as described in
Examples 7 and 9. Inhibition or antagonism does not
necessarily indicate a total elimination of the IL-22
polypeptide biological activity. A reduction in
activity may be about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or more. [0058]The term
"interleukin-22" or "IL-22" refers to a class Il
cytokine (which may be mammalian) capable of binding
to IL-22R and/or a receptor complex of IL-22R and
IL-10R2, and has at least one of the following
features: (1) an amino acid sequence of a naturally
occurring mammalian IL-22 polypeptide (full length or
mature form) or a fragment thereof, e.g., an amino
acid sequence shown as SEQ ID NO:1 (human) or SEQ ID
NO:3 (murine) or a fragment thereof; (2) an amino acid
sequence substantially identical to, e.g., at least
85%, 90%, 95%, 96%, 97%, 98%, 99% identical to, an
amino acid sequence shown as SEQ ID NO:1 or amino
acids 34-179 thereof (human) or SEQ ID NO:3 (murine)
or a fragment 



thereof; (3) an amino acid sequence which is encoded
by a naturally occurring mammalian IL-22 nucleotide
sequence or a fragment thereof (e.g., SEQ ID NO:2 or
nucleotides 7 1 to 610 (human) or SEQ ID NO:4 (murine)
or a fragment thereof); (4) an amino acid sequence
encoded by a nucleotide sequence which is
substantially identical to, e.g., at least 85%, 90%,
95%, 96%, 97%, 98%, 99% identical to, a nucleotide
sequence shown as SEQ ID NO:2 or nucleotides 7 1 to
610 thereof (human) or SEQ ID NO:4 (murine) or a
fragment thereof; (5) an amino acid sequence encoded
by a nucleotide sequence degenerate to a naturally
occurring IL-22 nucleotide sequence or a fragment
thereof, e.g., SEQ ID NO:2 (human) or SEQ ID NO:4
(murine) or a fragment thereof; or (6) a nucleotide
sequence that hybridizes to one of the foregoing
nucleotide sequences under stringent conditions, e.g.,
highly stringent conditions. The IL-22 may bind to
IL-22R and/or a receptor complex of 1L-22R and IL-10R2
of mammalian origin, e.g., human or mouse.[0059]The
nucleotide sequence and the predicted amino acid
sequence of human IL-22 are shown in SEQ ID NO:2 and
SEQ ID NO:1 , respectively. The amino acid sequence of
mature human IL-22 corresponds to amino acids 34-179
of SEQ ID NO:1 . Analysis of recombinant human IL-22
reveals many structural domains. (Nagem et al. (2002)
Structure, 10:1051-62; U.S. Patent Application No. US
2002/0187512 A1). [0060]The term "IL-22 activity"
refers to at least one cellular process initiated or
interrupted as a result of IL-22 binding to a receptor
complex consisting of IL-22R and IL-10R2 on the cell.
IL-22 activities include at least one of, but are not
limited to: (1) binding IL-22R or a receptor complex
of IL-22R and IL-10R2 (e.g., human IL-22R with or
without human IL-1 0R2); (2) associating with signal
transduction molecules (e.g., JAK-1); (3) stimulating
phosphorylation of STAT proteins (e.g., STAT5, STAT3,
or combination thereof); (4) activating STAT proteins;
and (5) modulating (e.g., increasing or decreasing)
proliferation, differentiation, effector cell
function, cytolytic activity, cytokine secretion,
survival, or combinations thereof, of epithelial
cells, fibroblasts, or immune cells. Epithelial cells
include, but are not limited to, cells of the skin,
gut, liver, and kidney, as well as endothelial cells.
Fibroblasts include, but are not limited to, synovial
fibroblasts. Immune cells may include CD8+ and CD4+ T
cells, NK cells, B cells, macrophages, and
megakaryocytes. IL-22 activity can be determined in
vitro, for example, using the IL-22 receptor
inhibition assay as described in Examples 2 and 6, the
GROa secretion assay in Example 9, or the BAF3
proliferation assay of Example 7. IL-22 activity can
also be determined in vivo, for example, by scoring
progression of an immune response or disorder as
described in Example 13. [0061] As used herein, "in
vitro generated antibody" refers to an antibody where
all or part of the variable region (e.g., at least one
CDR) is generated in a non-immune cell selection
(e.g., an in vitro phage display, protein chip or any
other method in which candidate sequences can be
tested for their ability to bind to an antigen). This
term excludes sequences generated by genomic
rearrangement in an immune cell. [0062]The term
"isolated" refers to a molecule that is substantially
free of its natural environment. For instance, an
isolated protein is substantially free of cellular
material or other proteins from the cell or tissue
source from which it wasderived. The term also refers
to preparations where the isolated protein is 



sufficiently pure for pharmaceutical compositions; or
at least 70-80% (w/w) pure; or at least 80-90% (w/w)
pure; or at least 90-95% pure; or at least 95%, 96%,
97%, 98%, 99%, or 100% (w/w) pure. [0063]The phrase
"percent identical" or "percent identity" refers to
the similarity between at least two different
sequences. This percent identity can be determined by
standard alignment algorithms, for example, the Basic
Local Alignment Tool (BLAST) described by Altshul et
al. ((1990) J. MoI. Biol., 215: 403-410); the
algorithm of Needleman et al. ((1970) J. MoI. Biol.,
48: 444-453); or the algorithm of Meyers et al.
((1988) Comput. Appl. Biosci., 4: 11-17). A set of
parameters may be the Blosum 62 scoring matrix with a
gap penalty of 12, a gap extend penalty of 4, and a
frameshift gap penalty of 5. The percent identity
between two amino acid or nucleotide sequences can
also be determined using the algorithm of E. Meyers
and W. Miller ((1989) CABIOS, 4:1 1-17) which has been
incorporated into the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length
penalty of 12 and a gap penalty of 4. The percent
identity is usually calculated by comparing sequences
of similar length. [0064]The term "repertoire" refers
to at least one nucleotide sequence derived wholly or
partially from at least one sequence encoding at least
one immunoglobulin. The sequence(s) may be generated
by rearrangement in vivo of the V, D, and J segments
of heavy chains, and the V and J segments of light
chains. Alternatively, the sequence(s) can be
generated from a cell in response to which
rearrangement occurs, e.g., in vitro stimulation.
Alternatively, part or all of the sequence(s) may be
obtained by DNA splicing, nucleotide synthesis,
mutagenesis, and other methods, see, e.g., U.S. Patent
5,565,332. A repertoire may include only one sequence
or may include a plurality of sequences, including
ones in a genetically diverse collection. [0065] The
terms "specific binding" or "specifically binds"
refers to two molecules forming a complex that is
relatively stable under physiologic conditions.
Specific binding is characterized by a high affinity
and a low to moderate capacity as distinguished from
nonspecific binding which usually has a low affinity
with a moderate to high capacity. Typically, binding
is considered specific when the association constant
KA is higher than 106M 1. If necessary, nonspecific
bindingcan bq reduced without substantially affecting
specific binding by varying the binding conditions.
The appropriate binding conditions, such as
concentration of antibodies, ionic strength of the
solution, temperature, time allowed for binding,
concentration of a blocking agent (e.g., serum
albumin, milk casein), etc., may be optimized by a
skilled artisan using routine techniques. Illustrative
conditions are set forth in Example 3, but other
conditions known to the person of ordinary skill in
the art fall within the scope of this invention.
[0066]As used herein, the term "stringent" describes
conditions for hybridization and washing. Stringent
conditions are known to those skilled in the art and
can be found in Current Protocols in Molecular
Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.
Aqueous and nonaqueous methods are described in that
reference and either can be used. One example of
stringent hybridization conditions is hybridization in
6X sodium chloride/sodium citrate (SSC) at about 45C,
followed by at least one wash in 0.2X SSC, 0.1% SDS at
500C. A second 



example of stringent hybridization conditions is
hybridization in 6X SSC at about 45C, followed by at
least one wash in 0.2X SSC, 0.1% SDS at 55DC. Another
example of stringent hybridization conditions is
hybridization in 6X SSC at about 45C, followed by at
least one wash in 0.2X SSC, 0.1% SDS at 60C. A further
example of stringent hybridization conditions is
hybridization in 6X SSC at about 45C, followed by at
least one wash in 0.2X SSC, 0.1% SDS at 65C. High
stringent conditions include hybridization in 0.5M
sodium phosphate, 7% SDS at 65C, followed by at least
one wash at 0.2X SSC, 1% SDS at 65C. [0067]The phrase
"substantially as set out," "substantially identical"
or "substantially homologous" means that the relevant
amino acid or nucleotide sequence (e.g., CDR(s), VH,
or VL domain) will be identical to or have
insubstantial differences (through conserved amino
acid substitutions) in comparison to the sequences
which are set out. Insubstantial differences include
minor amino acid changes, such as 1 or 2 substitutions
in a 5 amino acid sequence of a specified region. In
the case of antibodies, the second antibody has the
same specificity and has at least 50% of the affinity
of the first antibody. [0068]Sequences substantially
identical or homologous (e.g., at least about 85%
sequence identity) to the sequences disclosed herein
are also part of this application. In some embodiment,
the sequence identity can be about 85%, 90%,95%, 96%,
97%, 98%, 99% or higher. Alternatively, substantial
identity or homology exists when the nucleic acid
segments will hybridize under selective hybridization
conditions (e.g., highly stringent hybridization
conditions), to the complement of the strand. The
nucleic acids may be present in whole cells, in a cell
lysate, or in a partially purified or substantially
pure form. [0069]The term "therapeutic agent" is a
substance that treats or assists in treating a medical
disorder. Therapeutic agents may include, but are not
limited to, substances that modulate immune cells or
immune responses in a manner that complements the
IL-22 activity of anti-IL-22 antibodies. Non-limiting
examples and uses of therapeutic agents are described
herein. [007O]As used herein, a "therapeutically
effective amount" of an anti- IL-22 antibody refers to
an amount of an antibody which is effective, upon
single or multiple dose administration to a subject
(such as a human patient) at treating, preventing,
curing, delaying, reducing the severity of, and/or
ameliorating at least one symptom of a disorder or
recurring disorder, or prolonging the survival of the
subject beyond that expected in the absence of such
treatment. [0071 ]The term "treatment" refers to a
therapeutic or preventative measure. The treatment may
be administered to a subject having a medical disorder
or who ultimately may acquire the disorder, in order
to prevent, cure, delay, reduce the severity of,
and/or ameliorate one or more symptoms of a disorder
or recurring disorder, or in order to prolong the
survival of a subject beyond that expected in the
absence of such treatment. II. Anti-IL-22 Antibodies
[0072]The disclosure provides novel anti-IL-22
antibodies that comprise novel antigen-binding
fragments. [0073] Numerous methods known to those
skilled in the art are available for obtaining
antibodies or antigen-binding fragments thereof. For
example, antibodies 



can be produced using recombinant DNA methods (U.S.
Patent 4,816,567). Monoclonal antibodies may also be
produced by generation of hybridomas (see e.g., Kohler
and Milstein (1975) Nature, 256: 495-499) in
accordance with known methods. Hybridomas formed in
this manner are then screened using standard methods,
such as enzyme-linked immunosorbent assay (ELISA) and
surface plasmon resonance (BIACORE(tm)) analysis, to
identify one or more hybridomasthat produce an
antibody that specifically binds with a specified
antigen. Any form of the specified antigen may be used
as the immunogen, e.g., recombinant antigen, naturally
occurring forms, any variants or fragments thereof, as
well as antigenic peptide thereof. [0074]One exemplary
method of making antibodies includes screening protein
expression libraries, e.g., phage or ribosome display
libraries. Phage display is described, for example, in
Ladner et al., U.S. Patent No. 5,223,409; Smith (1985)
Science 228:1315-1317; Clackson et al. (1991) Nature,
352: 624-628; Marks et al. (1991) J. MoI. Bio!., 222:
581-597WO 92/18619; WO 91/17271 ; WO 92/20791 ;WO
92/15679; WO 93/01288; WO 92/01047; WO 92/09690; and
WO 90/02809. [0075] In addition to the use of display
libraries, the specified antigen can be used to
immunize a non-human animal, e.g., a rodent, e.g., a
mouse, hamster, or rat. In one embodiment, the
non-human animal includes at least a part of a human
immunoglobulin gene. For example, it is possible to
engineer mouse strains deficient in mouse antibody
production with large fragments of the human Ig loci.
Using the hybridoma technology, antigen-specific
monoclonal antibodies derived from the genes with the
desired specificity may be produced and selected. See,
e.g., XENOMOUSE(tm), Green et al. (1994) Nature
Genetics 7:13-21 , US 2003- 0070185, WO 96/34096,
published Oct. 3 1, 1996, and PCT Application No.
PCT/US96/05928, filed Apr. 29, 1996. [0076]ln another
embodiment, a monoclonal antibody is obtained from the
non-human animal, and then modified, e.g., humanized,
deimmunized, chimeric, may be produced using
recombinant DNA techniques known in the art. A variety
of approaches for making chimeric antibodies have been
described. See e.g., Morrison er a/., Proc. Natl.
Acad. ScL U.S.A. 8 1:6851 , 1985; Takeda etal., Nature
314:452, 1985, Cabilly et al., U.S. Patent No.
4,816,567; Boss etal., U.S. Patent No. 4,816,397;
Tanaguchi et al., European Patent Publication
EP171496; European Patent Publication 0173494, United
Kingdom Patent GB 2177096B. Humanized antibodies may
also be produced, for example, using transgenic mice
that express human heavy and light chain genes, but
are incapable of expressing the endogenous mouse
immunoglobulin heavy and light chain genes. Winter
describes an exemplary CDR-g rafting method that may
be used to prepare thehumanized antibodies described
herein (U.S. Patent No. 5,225,539). All of the CDRs of
a particular human antibody may be replaced with at
least a portion of a non-human CDR, or only some of
the CDRs may be replaced with non-human CDRs. It is
only necessary to replace the number of CDRs required
for binding of the humanized antibody to a
predetermined antigen. [0077] Humanized antibodies or
fragments thereof can be generated by replacing
sequences of the Fv variable domain that are not
directly involved in antigen binding with equivalent
sequences from human Fv variable domains. 



Exemplary methods for generating humanized antibodies
or fragments thereof are provided by Morrison ( 1985)
Science 229:1202-1207; by Oi et al. (1986)
BioTechniques 4:214; and by US 5,585,089; US 5,693,761
; US 5,693,762; US 5,859,205; and US 6,407,213. Those
methods include isolating, manipulating, and
expressing the nucleic acid sequences that encode all
or part of immunoglobulin Fv variable domains from at
least one of a heavy or light chain. Such nucleic
acids may be obtained from a hybridoma producing an
antibody against a predetermined target, as described
above, as well as from other sources. The recombinant
DNA encoding the humanized antibody molecule can then
be cloned into an appropriate expression vector.
[0078] In certain embodiments, a humanized antibody is
optimized by the introduction of conservative
substitutions, consensus sequence substitutions,
germline substitutions and/or backmutations. Such
altered immunoglobulin molecules can be made by any of
several techniques known in the art, {e.g., Teng et
al., Proc. Natl. Acad. Sci. U.S.A., 80: 7308-7312,
1983; Kozbor et al, Immunology Today, 4: 7279, 1983;
Olsson et al., Meth. Enzymol., 92: 3-16, 1982), and
may be made according to the teachings of PCT
Publication WO92/061 93 or EP 0239400). [0079]An
antibody or fragment thereof may also be modified by
specific deletion of human T cell epitopes or
"deimmunization" by the methods disclosed in WO
98/52976 and WO 00/34317. Briefly, the heavy and light
chain variable domains of an antibody can be analyzed
for peptides that bind to MHC Class II; these peptides
represent potential T-cell epitopes (as defined in WO
98/52976 and WO 00/34317). For detection of potential
T-cell epitopes, a computer modeling approach termed
"peptide threading" can be applied, and in addition a
database ofhuman MHC class Il binding peptides can be
searched for motifs present in the V H and VL
sequences, as described in WO 98/52976 and WO
00/34317. These motifs bind to any of the 18 major MHC
class Il DR allotypes, and thus constitute potential T
cell epitopes. Potential T-cell epitopes detected can
be eliminated by substituting small numbers of amino
acid residues in the variable domains, or preferably,
by single amino acid substitutions. Typically,
conservative substitutions are made. Often, but not
exclusively, an amino acid common to a position in
human germline antibody sequences may be used. Human
germline sequences, e.g., are disclosed in Tomlinson,
et at. (1992) J. MoI. Biol. 227:776-798; Cook, G. P.
et ai. (1995) Immunol. Today Vol. 16 (5): 237-242;
Chothia, D. r a/. ( 1992) J . MoI. Biol. 227:799-817;
and Tomlinson et al. (1995) EMBO J. 14:4628-4638. The
V BASE directory provides a comprehensive directory of
human immunoglobulin variable region sequences
(compiled by Tomlinson, LA. et al. MRC Centre for
Protein Engineering, Cambridge, UK). These sequences
can be used as a source of human sequence, e.g., for
framework regions and CDRs. Consensus human framework
regions can also be used, e.g., as described in U.S.
Patent No. 6,300,064. [0080] tn certain embodiments,
an antibody can contain an altered immunoglobulin
constant or Fc region. For example, an antibody
produced in accordance with the teachings herein may
bind more strongly or with more specificity to
effector molecules such as complement and/or Fc
receptors, which 



can control several immune functions of the antibody
such as effector cell activity, lysis,
complement-mediated activity, antibody clearance, and
antibody half-life. Typical Fc receptors that bind to
an Fc region of an antibody (e.g., an IgG antibody)
include, but are not limited to, receptors of the
FcgRI, FcgRII, and FcgRlll and FcRn subclasses,
including allelic variants and alternatively spliced
forms of these receptors. Fc receptors are reviewed in
Ravetch and Kinet, Annu. Rev. Immunol 9:457-92, 1991 ;
Capel et al., lmmunomethods 4:25-34, 1994; and de Haas
et a/., J. Lab. CHn. Med. 126:330-41 , 1995).
[0081]For additional antibody production techniques,
see Antibodies: A Laboratory Manual, eds. Harlow et
al., Cold Spring Harbor Laboratory, 1988. The present
invention is not necessarily limited to any particular
source, method of production, or other special
characteristics of an antibody.[0082]Antibodies, also
known as immunoglobulins, are typically tetrameric
glycosylated proteins composed of two light (L) chains
of approximately 25 kDa each and two heavy (H) chains
of approximately 50 kDa each. Two types of light
chain, termed lambda and kappa, may be found in
antibodies. Depending on the amino acid sequence of
the constant domain of heavy chains, immunoglobulins
can be assigned to five major classes: A, D, E, G, and
M, and several of these may be further divided into
subclasses (isotypes), e.g., IgGi, lgG2, IgG , IgG-i,
IgAi, and IgA2. Each light chain includes an
N-terminal variable (V) domain (VL) and a constant (C)
domain (CL). Each heavy chain includes an N-terminal V
domain (VH), three or four C domains (CHs), and a
hinge region. The CH domain most proximal to VH is
designated as CH1 . The VH and VL domains consist of
four regions of relatively conserved sequences called
framework regions (FR1 , FR2, FR3, and FR4), which
form a scaffold for three regions of hypervariable
sequences (complementarity determining regions, CDRs).
The CDRs contain most of the residues responsible for
specific interactions of the antibody with the
antigen. CDRs are referred to as CDR 1, CDR2, and
CDR3. Accordingly, CDR constituents on the heavy chain
are referred to as H 1, H2, and H3, while CDR
constituents on the light chain are referred to as L
1, L2, and L3. [0083]CDR3 is typically the greatest
source of molecular diversity within the
antibody-binding site. H3, for example, can be as
short as two amino acid residues or greater than 26
amino acids. The subunit structures and
three-dimensional configurations of different classes
of immunoglobulins are well known in the art. For a
review of the antibody structure, see Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, eds.
Harlow et al., 1988. One of skill in the art will
recognize that each subunit structure, e.g., a CH, VH,
CL, VL, CDR, FR structure, comprises active fragments,
e.g., the portion of the VH, VL, or CDR subunit the
binds to the antigen, i.e., the antigen-binding
fragment, or, e.g., the portion of the CH subunit that
binds to and/or activates, e.g., an Fc receptor and/or
complement. The CDRs typically refer to the Kabat
CDRs, as described in Sequences of Proteins of
immunological Interest, US Department of Health and
Human Services (1991), eds. Kabat etal. Another
standard for characterizing the antigen binding site
is to refer to the hypervariable loops as described by
Chothia. See, e.g., Chothia, D. ef al. (1992; J. MoI.
Biol. 227:799-817; and Tomlinson et al. ( 1995)EMBO J.
14:4628-4638. Still another standard is the AbM
definition used by Oxford Molecular's AbM antibody
modelling software. See, generally, e.g., Protein 



Sequence and Structure Analysis of Antibody Variable
Domains. In: Antibody Engineering Lab Manual (Ed.:
Duebel, S. and Kontermann, R., Springer-Verlag,
Heidelberg). Embodiments described with respect to
Kabat CDRs can alternatively be implemented using
similar described relationships with respect to
Chothia hypervariable loops or to the AbM-defined
loops. [0084]The Fab fragment (Fragment
antigen-binding) consists of VH-CRI and VL-CL domains
covalently linked by a disulfide bond between the
constant regions. The Fv fragment is smaller and
consists of VH and VL domains non-covalently linked.
To overcome the tendency of non-covalently linked
domains to dissociate, a single chain Fv fragment
(scFv) can be constructed. The scFv contains a
flexible polypeptide that links (1) the C-terminus of
VH to the N-terminus of VL, or (2) the C-terminus of
VL to the N-terminus of VH. A 15-mer (Gly4Ser)3
peptide may be used as a linker, but other linkers are
known in the art. [0085]The sequence of antibody genes
after assembly and somatic mutation is highly varied,
and these varied genes are estimated to encode 1010
different antibody molecules (Immunoglobulin Genes,
2nd ed., eds. Jonio et al., Academic Press, San Diego,
CA, 1995). [0086]A "bispecific" or "bifunctional
antibody" is an artificial hybrid antibody having two
different heavy/light chain pairs and two different
binding sites. Bispecific antibodies can be produced
by a variety of methods including fusion of hybridomas
or linking of Fab' fragments. See, e.g., Songsivilai &
Lachmann, CHn. Exp. Immunol. 79:315-321 (1990);
Kostelny et al., J. Immunol. 148, 1547-1 553 (1992).
In one embodiment, the bispecific antibody comprises a
first binding domain polypeptide, such as a Fab'
fragment, linked via an immunoglobulin constant region
to a second binding domain polypeptide. [0087]Small
Modular lmmunoharmaceuticals (SMIP(tm)) provide an
example of a variant molecule comprising a binding
domain polypeptide. SMIPs and their uses and
applications are disclosed in, e.g., U.S. Published
Patent Application. Nos. 2003/01 18592, 2003/0133939,
2004/0058445, 2005/0136049, 2005/0175614,
2005/0180970, 2005/0186216, 2005/0202012,
2005/0202023, 2005/0202028, 2005/0202534, and
2005/0238646, and related patent familymembers
thereof, all of which are hereby incorporated by
reference herein in their entireties. [0088]A SMIP(tm)
typically refers to a binding domain-immunoglobulin
fusion protein that includes a binding domain
polypeptide that is fused or otherwise connected to an
immunoglobulin hinge or hinge-acting region
polypeptide, which in turn is fused or otherwise
connected to a region comprising one or more native or
engineered constant regions from an immunoglobulin
heavy chain, other than CH1, for example, the CH2 and
CH3 regions of IgG and IgA1or the CH3 and CH4 regions
of IgE (see e.g., U.S. 2005/0136049 by Ledbetter, J.
et al., which is incorporated by reference, for a more
complete description). The binding
domainimmunoglobulin fusion protein can further
include a region that includes a native or engineered
immunoglobulin heavy chain CH2 constant region
polypeptide (or CH3 in the case of a construct derived
in whole or in part from IgE) that is fused or
otherwise connected to the hinge region polypeptide
and a native or engineered immunoglobulin heavy chain
CH3 constant region polypeptide (or CH4 in the case 



of a construct derived in whole or in part from IgE)
that is fused or otherwise connected to the CH2
constant region polypeptide (or CH3 in the case of a
construct derived in whole or in part from IgE).
Typically, such binding domainimmunoglobulin fusion
proteins are capable of at least one immunological
activity selected from the group consisting of
antibody dependent cell-mediated cytotoxicity,
complement fixation, and/or binding to a target, for
example, a target antigen, such as human IL-22.
[0089]Therapeutic proteins, i.e., a protein or peptide
that has a biological effect on a region in the body
on which it acts or on a region of the body on which
it remotely acts via intermediates, are also useful
for practicing the invention. A therapeutic protein
can include peptide mimetics. Mimetics are
peptide-containing molecules that mimic elements of
protein secondary structure. See, for example, Johnson
et al., "Peptide Turn Mimetics" in BIOTECHNOLOGY AND
PHARMACY, Pezzuto et al., Eds., Chapman and Hall, New
York (1993), incorporated herein by reference. The
underlying rationale behind the use of peptide
mimetics is that the peptide backbone of proteins
exists chiefly to orient amino acid side chains in
such a way as to facilitate molecular interactions,
such as those of antibody and antigen. A peptide
mimetic is expected to permit molecular interactions
similar to the naturalmolecule. These principles may
be used to engineer second generation molecules having
many of the natural properties of the targeting
peptides disclosed herein, but with altered and
potentially improved characteristics. [0090]Other
embodiments of therapeutic proteins include fusion
proteins. These molecules generally have all or a
substantial portion of a targeting peptide, for
example, IL-22 or an anti IL-22 antibody, linked at
the N- or C-terminus, to all or a portion of a second
polypeptide or protein. For example, fusions may
employ leader sequences from other species to permit
the recombinant expression of a protein in a
heterologous host. Another useful fusion includes the
addition of an immunologically active domain, such as
an antibody epitope, to facilitate purification of the
fusion protein. Inclusion of a cleavage site at or
near the fusion junction will facilitate removal of
the extraneous polypeptide after purification. Other
useful fusions include linking of functional domains,
such as active sites from enzymes, glycosylation
domains, cellular targeting signals or transmembrane
regions. Examples of proteins or peptides that may be
incorporated into a fusion protein include cytostatic
proteins, cytocidal proteins, pro-apoptosis agents,
antiangiogenic agents, hormones, cytokines, growth
factors, peptide drugs, antibodies, Fab fragments of
antibodies, antigens, receptor proteins, enzymes,
lectins, MHC proteins, cell adhesion proteins and
binding proteins. Methods of generating fusion
proteins are well known to those of skill in the art.
Such proteins can be produced, for example, by
chemical attachment using bifunctional cross-linking
reagents, by de novo synthesis of the complete fusion
protein, or by attachment of a DNA sequence encoding
the targeting peptide to a DNA sequence encoding the
second peptide or protein, followed by expression of
the intact fusion protein. [0091 ]ln one embodiment,
the targeting peptide, for example, IL-22 or an anti
IL-22 antibody, is fused with an immunoglobulin heavy
chain constant region, such as an Fc fragment, which
contains two constant region domains and a hinge
region but lacks the variable region (See, U.S. Pat.
Nos. 6,018,026 and 5,750,375, 



incorporated herein by reference). The Fc region may
be a naturally occurring Fc region, or may be altered
to improve certain qualities, such as therapeutic
qualities, circulation time, reduced aggregation, etc.
Peptides and proteins fused to an Fc region typically
exhibit a greater half-life in vivo than the unfused
counterpart. Also,a fusion to an Fc region permits
dimerization/multimerization of the fusion
polypeptide. [0092] VHH molecules (or nanobodies), as
known to the skilled artisan, are heavy chain variable
domains derived from immunoglobulins naturally devoid
of light chains, such as those derived from Camelidae
as described in WO9404678, incorporated herein by
reference. Such a VHH molecule can be derived from
antibodies raised in Camelidae species, for example in
camel, llama, dromedary, alpaca and guanaco and is
sometomes called a camelid or camelized variable
domain. See e.g., Muyldermans., J. Biotechnology (2001
) 74(4):277-302, incorporated herein by reference.
Other species besides Camelidae may produce heavy
chain antibodies naturally devoid of light chain. VHH
molecules are about 10 times smaller than IgG
molecules. They are single polypeptides and very
stable, resisting extreme pH and temperature
conditions. Moreover, they are resistant to the action
of proteases which is not the case for conventional
antibodies. Furthermore, in vitro expression of VHHs
produces high yield, properly folded functional VHHs.
In addition, antibodies generated in Camelids will
recognize epitopes other than those recognized by
antibodies generated in vitro through the use of
antibody libraries or via immunization of mammals
other than Camelids (see WO 9749805, which is
incorporated herein by reference). [0093]One aspect of
the present invention comprises antibodies and antigen
binding fragments that bind IL-22. The disclosure
provides novel CDRs derived from human immunoglobulin
gene libraries. The structure for carrying a CDR is
generally an antibody heavy or light chain or portion
thereof, where the CDR is located to a naturally
occurring CDR region. The structures and locations of
variable domains may be determined as described in
Kabat et al., Sequences of Proteins of Immunological
Interest, No. 91-3242, National Institutes of Health
Publications, Bethesda, MD (1991). [0094]DNA and amino
acid (AA) sequences of illustrative embodiments of the
anti-IL-22 antibodies of this invention, including
their scFv fragments, VH and VL domains, and CDRs are
set forth in Figures 7-1 0 and enumerated in Tables 1
and 7. Twenty specific embodiments of the
non-germlined antibodies are identified as GIL01 ,
GIL16, GIL45, GIL60, GIL68, GIL92, 097D09, 062A09,
062G05, 087B03, 367D04, 368D04, 166B06, 166G05,
375G06, 376B10, 354A08, 355B06, 355E04,and 356A1 1.
The CDR positions in the VH and VL domains of the
non-germlined antibodies are listed in Table 2.
Fifteen specific embodiments of the germlined
antibodies are identified as GIL01 , GIL16, GIL45,
GIL60, GIL68, GIL92, 062A09, 087B03, 166B06, 166G05,
354A08, 355B06, 355E04, 356A1 1, and 368D04.Table 1A:
Amino acid and Nucleotide Sequences of VH and VL
Domains, Fv1and CDRs of Non-germlined Antibodies
OTable 1B: Amino acid and Nucleotide Sequences of VH
and VL Domains, Fv, and CDRs of Nongermlined
AntibodiesNANOTUBE POLYMER COMPOSITE COMPOSITIONS AND
METHODS OF MAKING CROSS REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of to
U.S. Provisional Patent Application No. 



60/775,569, filed on February 22, 2006 which is
incorporated herein by reference in its entirety.
BACKGROUND Nanocomposites are compositions in which a
continuous phase has dispersed or distributed in it at
least one additional constituent such as particles,
rods, or tubes where the additional constituent has
one or more dimensions, such as length, width or
thickness, in the nanometer or molecular size range.
In order to effectively improve the physical or
mechanical properties of the composite it is important
to disperse these additional constituents throughout
the polymer in order to promote more interfaces and
enhance the affinity between the additional
constituents and polymer. If the added constituent is
uniformly dispersed throughout the polymer, less
material may be added to the nanocomposite composition
without adversely affecting the physical properties of
the nanocomposite. Nanotubes are an example of
nanometer or molecular size materials that may be used
as an additional constituent in a nanocomposite. These
nanotubes may be may be doped with conductive atoms;
in some cases the dopants may be inside the tube.
Examples of nanotubes are single-walled carbon
nanotubes (SWNTs), multiwalled carbon nanotubes
(MWNTs), and tungsten disulfide nanotubes. Individual
SWNT and ropes of single-wall carbon nanotubes exhibit
high strength, metallic conductivity, and high thermal
conductivity. Nanotubes and ropes of nanotubes may be
useful in applications where an electrical conductor
is needed, for example as an additive in electrically
conductive polymeric materials, paints or in coatings.
Because of van der Waals attraction between nanotubes,
SWNTs tend to exist as aggregates or ropes rather than
tubes. During processing to form composites with other
materials, SWNTs also tend to form aggregates which
can inhibit the formation of electrically conductive
nanotube networks or rheological networks in the
composite. In polymers, single-wall carbon nanotubes
have substantial potential for enhancing the polymers'
strength, toughness, electrical conductivity, and
thermal conductivity.However, achieving the full
potential of the properties of single-wall carbon
nanotubes in polymers has been hampered by the
difficulty of dispersing the nanotubes. Approaches to
promote more affinity between nanotubes and the
polymer at the interface and provide a uniform
dispersion of the nanotubes within the polymer include
the use of dispersing agents or modifying the surface
chemistry of the nanotubes. Dispersing agents such as
surfactants, or nanotube surfaces modified with
carboxylic, amide groups, or surface bound polymers
have been used to facilitate nanotube incorporation
into a polymer. These treatments add impurities and
additional steps to the process which increase the
costs of the nanocomposite. Other approaches include
dispersing the nanotubes in a solvent and mixing this
dispersion with a polymer that is also dissolved in a
solvent. The solution can be cast into films following
removal of the solvent. The additional dispersal,
casting, and solvent removal steps to enhance the
affinity between the nanotubes and the polymer at the
interface add time, generate waste, and increase the
cost of such nanocomposite. Barraza et al, NANO
Letters, vol. 2, pp. 797-802 state that the literature
discloses that solution casting methods have limited
applicability for producing highly conductive films
because SWNT composites tend to saturate at 1-2%
nanotube content as the excess nanotubes aggregate.
This limits the compositions that can be formed by
this method. Haggenmuller observed progressive
improvement in nanotube dispersion, with mixing
cycles, 20 or more, (see pp 221, Chemical Physic
letters vol. 330 (2000), pp 219- 225). Haggenmuller
formed a solution of the polymer in a solvent and
dispersed SWNTs into it with sonication, the mixtures
were cast and the solvent evaporated. In a second
method, cast films were broken and hot pressed- this
melt mixing repeated up to 25 times. It was reported
that the dispersion increased with each additional
melt mixing cycle. Elkovitch et al, U.S. Patent 



Application Publication No.: 20050029498 discloses
that highly pure SWNT cannot be separated from the
ropes as easily as less pure SWNT and that the shear
forces developed during the extrusion process are not
as effective at breaking up the aggregates of SWNTs
formed by highly pure SWNTs. SWNT polymer compositions
disclosed by Elkovitch include levels of iron for
example that can vary from a few tenths of a percent
to greater than 10%. Further, Elkovitch et al (U.S.
Pat. Publication No.: 20050029498) disclose that
production related impurities facilitate the
dispersion of ropes of carbon nanotubes within a
matrix of an organic polymer and that compositions
prepared with carbon nanotubes have a surface
resistivity that varies with the amount of energy
imparted over time to a composition of polymer and
nanotubes during mixing. Elkovitch observed a decrease
in resistivity for some impurity containing SWNT
polymer samples during mixing and a decrease and then
an increase in other impurity containing SWNT
polymersamples during mixing. Smalley, U.S. Pat. No.:
6,936,233 discloses a method for the purification of
as produced single wall carbon nanotubes to remove
production related impurities. Du et al
(Macromolecules 2004, 37, pp 9048) describe the
dispersion of SWNTs in a polymer formed by
coagulation. In the coagulation method a polymer is
dissolved in a solvent (Du et. al J. Polym. Sci., Part
B: Polym. Phys. (2003), vol. 41, pp 3333-3338.)
purified nanotubes are added to a solvent and
sonicated for 24 hours to disperse the SWNTs in the
solvent. A polymer was dissolved in the SWNT solvent
mixture or solution or suspension. This suspension was
dripped into a non-solvent in a blender, the
precipitating polymer chains entrapped the SWNTs and
prevented them from bundling again. The precipitate
was filtered and dried in vacuum. Coagulation is a
method that can be sensitive to the purification
method used to treat the nanotubes and creates waste
solvent. Fibers of the precipitate were subsequently
melt spun. Andrews dissolved pitch in a solvent, added
and dispersed purified nanotubes to the hot pitch
solution and sonicated the mixture. Vacuum
distillation was used to remove solvent and prepare
suspensions of SWNTs. This pitch suspension could be
cooled to a solid and subsequently compression molded
or extruded to form a thread. The compression molded
article or thread was then oxidatively stabilized by
heating and then subsequently carbonized at 1100 C.
Petroleum pitch is a residue from heat treatment and
distillation of petroleum fractions. It is a solid at
room temperature, consists of a complex mixture of
numerous predominantly aromatic and alkyl-substituted
aromatic hydrocarbons, and exhibits a broad softening
point range instead of a defined melting point. Pitch
is soluble in some organic solvents which need to be
removed and disposed of to form suspensions of the
nanotubes. Pitch is an unacceptable material for many
high purity applications and those requiring high wear
resistance. Andrews et al report (Macromol. Mater.
Eng. Vol. 287, pp. 395-403, (2002)) on the effect of
shear mixing on MWNT lengths and reported that tube
length decreases from about 20 micron to about 5
microns with increasing energy input into the mixing
system. Potschke et al (Polymer, vol. 43, pp.
3247-3255, (2002) prepared multiwalled nanotube
composites compression molded in polycarbonate. At a
concentration between 1 and 2% MWNTs, a reduction in
resistivity from about 10 13 ohm/sq to about 103
ohm/sq was observed. At a frequency of about 0.1 rad/s
the polycarbonate had a G' of about 2 (extrapolated)
while 1% wt MWNT had a G' of about 20 (extrapolated)
and a 5 wt % MWNT had a G' of about 20,000. Sennett et
al (Mat. Res. Soc. Symp. Proc. Vol. 706, pp. 97-102,
(2002) prepared MWNT and SWNT composites in
polycarbonate by conical twin screw extrusion. The
authors reported that MWNTs were degraded at
processing times used to partially disperse SWNTs
(ropes still present).They also reported that SWNTs
appeared to be more difficult to disperse than MWNTs
and that complete dispersion of SWNTs was not achieved
at the processing times studied. Kawagashi et al.
(Macromol. Rapid Commun. (2002), 23, 761-765) prepared
melt blended 



MWNTs in polypropylene by first forming a
polypropylene melt and then adding MWNTs. These
composite materials were evaluated for their fire
retardency. Smalley et al. U.S. Patent Application
Publication No. 2002/0046872 discloses polymercoated
and polymer wrapped single-wall nanotubes (SWNTs),
small ropes of polymer-coated and polymer-wrapped
SWNTs, and materials comprising them. According to the
disclosure nanotubes are solubilized or suspended,
optionally with a surfactant, in a liquid by
associating them robustly with linear polymers
compatible with the liquid used, for example,
polyvinyl pyrrolidone and polystyrene sulfonate. The
wrapped nanotubes are removed from solution, the
polymer wrapping remains, and the tubes form an
aggregate in which the individual tubes are
substantially electrically-isolated from one another.
The polymeric wrappings around the tubes may be
crosslinked by introduction of a linking agent,
forming a different material in which individual,
electrically-isolated SWNT are permanently suspended
in a solid cross-linked polymeric matrix. Smalley et
al (U.S. Pat. No.: 7,008,563) disclose polymer wrapped
single wall carbon nanotubes, however these wrapped
nanotubes are used to make dielectric materials
because the polymer wrapping prevents nanotube to
nanotube contact. A composition with nanotubes
dispersed or distributed in a continuous matrix would
provide composite materials with improved electrical
and thermal conductivity and or flame retardancy. A
continuous process for making such materials would
provide cost reduction and an increase in
manufacturing throughput for such materials. SUMMARY
Embodiments of the invention include compositions
comprising a polymer melt and an amount of nanotubes
extrusion compounded together, the amount of the
nanotubes dispersed in the polymer melt form a
composition that has a storage modulus G' that is
substantially invariant with further extrusion
compounding of the composition. In some embodiments
the composition is substantially invariant to an
increase in storage modulus and or to a decrease in
resistivity after one or more extrusion cycles.
Compositions in embodiments of the present invention
can be made in a single melt extrusion step without
additional melt extrusion cycle steps. In some
embodiments of the invention the compositions consists
or consists essentially of a polymer melt and an
amount of nanotubes extrusion compounded together, the
amount of the nanotubesdispersed in the polymer melt
form a composition that has a storage modulus G' that
can be substantially invariant with further extrusion
compounding of the composition; in some embodiments
the storage modulus does not increase with further
extrusion compounding. Compositions in embodiments of
the present invention can be made in a single melt
extrusion step without additional melt extrusion cycle
steps. The compositions in versions of the present
invention do not involve coagulation or casting and
can be made free of solvent or process steps such as
solvent removal, filtration, and drying. The
dispersion or distribution of the nanotubes in the
polymer provides a composition whose structure and
properties can be modified with the molding shear flow
rate of the composition. For example, in some
embodiments of the composition, the higher the shear
flow rate of the molding process, the higher the
electrical resistivity of an article molded article
from the composition. In some embodiments of the
invention, molding the composition comprising the
nanotubes dispersed in the polymer provides an article
that is electrically dissipative. The conductivity,
surface resistivity, or volume resistivity of the
article can be modified by extensional flow. In other
embodiments of the invention, molding the composition
comprising the nanotubes dispersed in the polymer
provides an article that is flame retardant and or can
maintain its shape and prevent 



dripping of polymer. In still other embodiments of the
invention, molding the composition comprising the
nanotubes dispersed in the polymer provides an article
that is electrically dissipative and flame retardant.
In some embodiments the polymer melt with dispersed
nanotubes comprises high temperature, high strength
thermoplastic polymers. In some embodiments these
polymers can be poly ether ether ketone (PEEK),
polyimides (PI), or polyetherimide (PEI); in other
embodiments the polymer comprises PEEK or PEI; in
still other embodiments the polymer comprises PEEK; in
some embodiments the polymer can be a blend of any of
these polymers. Embodiments of the invention can
comprise a molded article of the composition that is
electrically dissipative. Some embodiments of the
invention can comprise a molded article of the
composition that is electrically insulating and
wherein the molded article can become electrically
dissipative with heating or thermal conditioning of
the sample. In some embodiments the nanotubes are
single walled carbon nanotubes, ropes of these, or a
combination of these where the amount of single walled
carbon nanotubes in the polymer can be less than about
10% by weight, in some embodiments about 7% or less by
weight, in some embodiments about 5% or less by
weight, in some embodiments less than about 2% by
weight, in- Ssome embodiments less than about 1% by
weight, and in still other embodiments less than about
0.5% by weight. In some embodiments of the invention
the amount of single walled carbon nanotubes in the
polymer can range from 0.5% to 7% by weight. The
single walled carbon nanotubes are at least partially
deagglomerated or dispersed in a network compared to
their initial state such as before extrusion
compounding. Some embodiments of the invention include
compositions or articles with an electrical
resistivity of less than about 109 ohm/sq; some
compositions or articles have a resistivity of less
than about 107 ohm/sq; and other embodiments of
compositions or articles have an electrical
resistivity of less than about 104 ohm/sq. Another
embodiment of the invention is a first composition
comprising a polymer melt as a continuous phase and an
amount of nanotubes extrusion compounded together,
such that the composition has a storage modulus G'
that is substantially invariant, or does not increase,
with further extrusion compounding of the composition.
The composition has an axial force measured in a
squeeze flow test of the composition that is greater
than an axial force measured on a second extrusion
compounded polymer composition comprising the same
type of nanotubes dispersed into an extruded melt of
the polymer. In the second extrusion compounded
polymer, the . nanotubes are added into an extruded
melt of the polymer at a location equal to or greater
than half the length of an extruder used to make the
first composition. The high value of the storage
modulus indicates that the nanotubes are dispersed,
the essentially constant value of the storage modulus
indicates that the polymer matrix is not degraded by
the initial dispersion and or distribution of the
nanotubes into the polymer matrix. One embodiment of
the invention is a composition comprising a polymer
melt and an amount of single walled carbon nanotubes
extrusion compounded together in the composition, the
amount of the nanotubes dispersed in the polymer melt
forms an electrically dissipative solid in a low shear
flow molding process, the electrical resistivity of an
article molded from the composition increases with
increasing molding shear flow rate. In some
embodiments of the invention the composite comprising
a polymer melt and an amount of nanotubes, preferably
single walled carbon nanotubes, extrusion compounded
together has a storage modulus at low frequency of the
composition that is at least about 90 times the 



storage modulus at low frequency of the polymer in a
liquid, non-solid, or melted state of the composition
when the amount of nanotubes dispersed in the
composition is 0.5% wt. One embodiment of the
invention is method comprising extrusion compounding
an amount of nanotubes, preferably single walled
carbon nanotubes, with a polymer to form a
composition.The extrusion compounding disperses the
nanotubes in the polymer forming a composition that
has a storage modulus G' that is substantially
invariant, or does not increase, with further
extrusion compounding of the composition. Nanotubes
and in particular SWNTs are difficult to disperse due
to the high van der Waal interaction between the
tubes. Efforts have been made to overcome these forces
by dispersion of the nanotubes in a solvent and
casting with a soluble polymer, co-polymerization of
solvated nanotube with monomer, coagulation
dispersion, surface functionalization, polymer
wrapping and other methods. Surprisingly, the
inventors have discovered a process, and in some
versions a continuous process, for dispersing
nanotubes in various polymer matrices to prepare
compositions with a high dispersion or distribution of
nanotubes in the continuous polymer matrix. These
compositions include a network or dispersion of the
nanotubes in the continuous polymer matrix such that
the compositions have an increased storage modulus
over the starting polymer and where the storage
modulus of the composition depends on the amount of
nanotubes dispersed in the matrix. Further it has been
found that the storage modulus is essentially
invariant, or does not increase, with continued
extrusion cycles of the material. The compositions in
embodiments of the invention can be molded to form
articles and the properties of the articles can be
varied with the shear flow conditions of the molding
process. For example, in some embodiments with .
electrically conductive singled walled carbon
nanotubes dispersed in a continuous polymer matrix,
the electrical resistance of the molded article
increases with increasing shear flow of the
composition. One embodiment of the invention is a
dispersion of SWNTs in a melt processable polymer
without dispersion additives that can be used to form
electrically dissipative articles when melt processed
(extrusion, injection molding, compression mold,
coining) under low shear flow conditions. The low
shear conditions maintain a network or dispersion of
SWNTs in the polymer such that the conductance is
above the electrical percolation threshold
(resistivity less than about 10 12 ohm/sq). In some
embodiments, the dispersion of SWNTs in the polymer
forms articles above the electrical percolation
threshold at a weight percent of SWNTs in the polymer
of 7% or less, in some versions less than 5 % by
weight, in some embodiments less than 2 % by weight,
in some embodiments less that 1% by weight, and in
still other embodiments less than 0.5% by weight. In
some embodiments the surface resistivity for a low
flow shear processed composition or article of the
dispersed SWNT in the polymer is less than of equal to
about 109 ohm/sq, in some versions less than about 106
ohm/sq, in some versions less than about 105 ohm/sq,
and in some embodiments less or equal to about 104
ohm/sq for samples comprising SWNTs in the polymer of7
% by weight or less, in some embodiments less than 5 %
by weight, in some embodiments less that 1% by weight,
and in still other embodiments less than 0.5% by
weight. In some embodiments, the dispersion of SWNTs
is in PEEK, PEI, PI, combinations or blends of these,
or co-polymers including any of these. The dispersion
can be processed to form articles above the electrical
percolation threshold at a weight percent of SWNTs in
the polymer of less than 10 % by weight, in some
embodiments less than 2 %by weight, in some
embodiments less that 1% by weight, and in still other
embodiments less than 0.5% by weight. The dispersion
of the SWNTs in the melted polymer forms a first
composition that has a storage modulus G' that is
substantially invariant, or one that does not
increase, with further extrusion compounding of the
composition. The first composition is electrically
dissipative when molded in a low shear molding 



process, and where the composition has an axial force
measured in a squeeze flow test above the glass
transition or melting point of the composition that is
greater than an axial force measured on a second
extrusion compounded polymer composition comprising
the same type of SWNTs dispersed into an extruded melt
of the polymer. In the second extrusion compounded
polymer, the nanotubes are added into an extruded melt
of the polymer at a location equal to or greater than
half the length of an extruder used to make the first
composition. The dispersion of the SNWTs in the melted
polymer can be formed into various articles with
different degrees of interconnecting networks of the
SWNTs based on the shear flow conditions used to
process the dry mixed melted mixture of SWNTs and
polymer. Articles with different electrical
dissipative characteristics can be made based on the
shear flow conditions used to process the melted
dispersion. Embodiments of the present invention
provide composite materials having substantially
uniform surface resistivity across a sample or article
made from the composite materials. In some embodiments
the substantial uniform surface resistivity of any
point on the surface of a sample of the composite of
single walled nanotube and polymer is within a factor
of 100 and in some embodiments within a factor of 10
from any other test point on the sample. This is
advantageous in electrostatic discharge applications
of the composites in articles such as chip trays,
reticle and wafer carriers, wafer shippers, test
sockets and the like. Advantageously embodiments of
the present compositions and methods for making them
eliminates the cost, waste, and time used to remove
solvent from cast dispersions of nanotube in dissolved
polymers. These embodiments of the compositions can be
formed free or essentially free of additives,
solvents, without sidewall or end functionalization of
the nanotubes or ropes, or any combination of these.
These compositions can be formed free of nanotubes or
ropes chemically bonded through a linker, either
through their side or an end to the polymer.
Thedispersions can be made free of cross linking
agent. Further, by eliminating excess solvent,
compositions of the present invention will have a low
solvent outgassing, which may be determined by Gas
Chromatorgarphy Mass Spectroscopy (GCMS), Inductively
Coupled Plasma Mass Spectroscopy (ICPMS), ICMS thermal
gravimetric analysis and or TG-MS. This can be an
important property for such materials where low levels
of contamination, for example microgram per gram or
less, part per million or less, part per billion or
less, or part per trillion or less of outgassing
vapors can adsorb onto and be detrimental to materials
such as bare and coated wafers, reticles, lens, or
other substrates as well as processes used in
semiconductor and pharmaceutical applications. Lower
levels of outgassing or gas permeability in
compositions of the present invention are advantageous
in reducing defects caused by for example but not
limited to reticle haze, adsorption of gases such as
hydrocarbons on substrates, or adsorption of
contaminants which can alter the refractive index of
optical components. Polymer compositions comprising
dispersed or distributed SWNTs in embodiments of the
present invention have a storage modulus and
electrical resistivity that do not appreciably change
with additional melt extrusion melting cycles. This is
advantageous over other processes where repeated melt
processing resulted in a change in the properties of a
SWNT polymer composite. Embodiments of the present
invention can provide polymer composites with
consistent electrical and mechanical properties that
enable tighter process control over articles such but
not limited to chip carriers, reticle domes, wafer
carriers or other housing or fluid contacting
articles. Electrically dissipative polymer articles
can be made from embodiments of the present invention
without stretch aligning films of SWNTs in a polymer.
Advantageously, compositions in embodiments of the
invention can utilize the shear flow rate or thermal
treatment to prepare articles with a range of
resistivities in a continuous process. For example,
processing 



compositions of SWNT comprising material dispersed in
an extrusion melted polymer under high shear flow in
an injection molding process can be used to form
intricate moldings which are an initially insulating
article that can then be subsequently heat relaxation
treated to form electrically dissipative articles. The
time and temperature of the relaxation treatment may
be used to control the electrical resistivity of the
relaxation treated sample. Advantageously, embodiments
of the present invention can be formed into stock
pieces and articles having a thickness much greater
than cast films while providing the network structure
of the nanotubes in the polymer as characterized by
the storage modulus value and slope of the storage
modulus with frequency as described
herein.Compositions and articles made from them in
embodiments of the present invention may be used in a
variety of engineering and structural plastics. These
plastics may be used to make electrically dissipative
materials for example but not limited to substrate
carriers such as but not limited to wafer carriers,
reticle pods, shippers, chip trays, test sockets, head
trays (read and or write); fluid tubing, chemical
containers. Compositions of the present invention may
be used to make fire retardant plastics and structural
materials for use in applications that benefit from
increase thermal conductance (heat exchangers,
sensors, light weight automotive parts). The nanotubes
can be part of composite materials to elicit specific
physical, chemical or mechanical properties in those
materials such as but not limited to electrical and/or
thermal conductivity, chemical inertness, mechanical
toughness, and combinations of these. The carbon
nanotubes themselves and materials and structures
comprising carbon nanotubes such as SWNTs may also be
useful as supports for catalysts used in industrial
and chemical devices and processes such as fuel cells,
hydrogenation, reforming and cracking. Advantageously
SWNT are stronger than carbon particles, for
applications where reduction or elimination of
particle shedding is important, the use of SWNT would
provide less particles. SWNTs are cleaner than carbon
powders. Because lower nanotube loading can be
utilized to achieve the flame retardant or
electrically dissipative properties and a continuous
process can used to prepare the polymer/SWNT
dispersion in embodiments of the invention, composites
and articles made from them in embodiments of the
present invention can be less expensive per pound
compared to multiwall nanotube polymer composites.
BRIEF DESCRIPTION OF THE DRAWINGS The file of this
patent contains at least one figure executed in color.
Copies of this patent with color figures will be
provided by the Office upon request and payment of the
necessary fee. FIG. IA and FIG. IB are SEMs of
electrically dissipative molded samples of single
walled nanotubes and ropes of SWNTs dispersed in a
continuous polymer phase of PEEK in embodiments of the
invention. SWNTs or ropes of them up to several
hundred nanometers are visible. In the scanning
electron micrograph (SEM) of FIG. IA, SWNTs 100 are
shown dispersed in the PEEK polymer matrix, the SEM is
of a dispersion of SWNTs in PEEK from an electrically
dissipative sample of an injection molded composite;
SWNTs of from about 0.1 to about 1 micron are visible.
FIG. IB is an SEM of an electrically dissipative
sample 104 to 10 10 ohm/sq illustrating SWNTs 110
dispersed in the polymer to form an embodiment of the
invention.FIG. 2 is a Table illustrating the thermal
properties of as extruded and pelletized resin.
Samples in embodiments of the invention include
varying amounts of SWNT nanotubes dispersed in the
polymer. FIG. 3 illustrates how processing conditions
can be used to affect the resistivity of a solid form
of the extrusion dispersed SWNTs in the thermoplastic.
The thicker extruded end portions 320 of the sample in
the photograph are formed under low shear flow and are
electrically dissipative, the center portion 310 (hand
drawn) which is thinner was formed under higher shear 



flow conditions and is less electrically conductive.
The hand drawn portion 310 illustrates how the uptake
rate can be used to modify the electrical properties
of extruded composites. FIG. 4 Schematically
illustrates an embodiment of the invention where an
insulating article 410 (can be solid, tape, tube, or
other form of a composite material in an embodiment of
the invention) formed by high shear flow processing of
the dispersion of conductive nanotubes, for example
SWNTs, in the polymer can subsequently be thermally
treated in a step 420 to form an electrically
dissipative or conductive article 430. The thermal or
heat treatment can be a low shear flow method such as
but not limited to a hot press treatment, compression
molding, or other similar method. FIG. 5 is a graph
showing the storage modulus of nanocomposites at
various SWNT tube loadings performed on a melt
or.non-solid form of the composition, for example at
380 0C. Compared with the unfilled polymer PEEK, the
nanotubes dispersed in the PEEK polymer in the melt
show an increase in the storage modulus G' at low
frequency 0.1 (rad/s) of about 9Ox or more for SWNTs
of 0.5% by weight; of about 200Ox or more for SWNTs of
1% by weight; of about 900Ox or more for SWNTs of 2%
by weight; of about 90,00Ox or more for SWNTs of 5% by
weight. Results show an about 80-10Ox or more increase
in G' with nanotube loading of SWNTs of 0.5% by weight
to SWNTs of 2% by weight. FIG. 5 illustrates that the
storage modulus at low frequency of the composition
when the amount of single walled nanotubes dispersed
in the composition is 0.5% wt is at least about 90
times a storage modulus at low frequency of the
polymer. As shown in FIG. 5, at a loading of 0.5%
SWNTs the storage modulus is about 20 [Pa] or more at
a frequency of 0.1 rad/sec; at a loading of 1% SWNTs
the storage modulus is about 80 [Pa] or more at a
frequency of 0.1 rad/sec; at a loading of 2% SWNTs the
storage modulus is about 2000 [Pa] or more at a
frequency of 0.1 rad/sec; at a loading of 5% SWNTs the
storage modulus is about 20,000 [Pa] or more at a
frequency of 0.1 rad/sec; as shown in FIG. 17b, at a
loading of 7% SWNTs the storage modulus is about
30,000 [Pa] or more at a frequency of 0.1 rad/sec; at
a frequency of 0.1 rad/sec the storage modulus for
PEEK is about 0.2 [Pa].FIG. 6 is a graph of the
squeeze flow (normal force) properties of nanotubes
(SWNTs 5 wt %) and polymer (PEEK) that were
contemporaneously combined in a twin screw extruder
(NT4). The graph compares the squeeze flow or normal
force with a second extrusion compounded polymer
composition (NTl) where the (SWNTs 5 wt %) and polymer
were not contemporaneously combined. The NTl
composition comprises nanotubes dispersed into an
extruded melt of the polymer, however the nanotubes
were added into to the extruded melt of the polymer at
a location equal to or greater than half the length of
the extruder used to make the composition NT4; for
example see FIG. 1IB. FIG. 7 illustrates the frequency
response of the storage modulus for extrusion
compounded compositions comprising 2 wt % SWNTs in
PEEK that were formed into articles by injection
molding; curve (A) with a higher G' illustrates the
storage modulus of an injection molded sample with
thermal relaxation treatment; curve (B) with a lower
G' illustrates the storage modulus of an injection
molded sample without thermal relaxation treatment.
Relaxation treatment can modify the storage modulus by
a factor of three or more. FIG. 8 is an SEM of a
solidified sample of SWNTs dispersed in a polymer, the
nanotubes were added into to the extruded melt of the
polymer by extrusion compounding at a location equal
to or greater than half the length of an extruder as
schematically shown in the apparatus of FIG. i i(B).
FIG. 9 is an SEM of a solidified sample of SWNTs
dispersed in a polymer, the nanotubes and the polymer
extrusion compounded in an essentially contemporaneous
manner as for example 



but not limited to the process schematically
illustrated by the apparatus in FIGs. 10(A-B); the
finer morphology and absence of individual SWNT
nanotube or ropes indicates the improved dispersion of
the nanotubes in this polymer sample compared to the
sample of FIG 8. FIG. 10(A) schematically illustrates
a non-limiting apparatus for a processes for
dispersion mixing polymer IOIOA and nanotubes 1030A;
the extrusion can occur in an essentially
contemporaneous manner which can be flood feeding of
dry nanotubes 1030A through hopper 1026A and polymer
101 OA through hopper 1014A; twin screw extruders
1018A and 1022A extrusion combine the materials to
form a material 1034A in the extruder 1050A. The
extruded composition 1038A can be removed from die
1060A. The extruder 1050A can be heated above the
melting point of the polymer using one or more heating
zones or heating gradient (not shown). FIG. 10(B)
schematically illustrate non-limiting apparatus for a
processes for dispersion mixing polymer IOIOB and
nanotubes 1030B; the extrusion compounding can
optionally use a pre-blended mix of nanotubes and
polymer with a single hopper 1014B feed to twin
screwextruders 1018B and 1022B to extrusion combine
the materials to form material 1034B in the extruder
1050B. The extruded composition 1O38B can be removed
from die 1060B. The extruder 1050B can be heated above
the melting point of the polymer using one or more
heating zones or heating gradient (not shown). FIG. 11
(A) illustrates cycled extrusion compounding ( 1110A)
of an extrusion dispersed mixture of nanotubes and
polymer (not shown), the material 1134A formed in the
extruder 1150A can be removed ( 1138A) from die 1160A
and analyzed for storage modulus or resistivity and
then fed back into the extruder as 111OA; FIG. 11 (B)
illustrates forming a melt of the polymer 111OB from
hopper 1114B and extrusion screws 1118B and 1122B,
nanotubes 1130B can be added into to the extruded melt
of the polymer 1134B for extrusion compounding at a
location of hopper 1126B equal to or greater than half
the length (D/2) of an extruder 1150B of length (D) to
form material 1138B which can be removed at die 1160B
as material 1142B. FIG. 12 illustrates articles
prepared from a shear flow sensitive composition of
nanotubes dispersed in a polymer by extrusion
compounding in embodiments of the invention. The
articles are prepared under different shear flow
conditions (compression molded), extruded and hand
drawn. Dissipative extruded portions 1210 can have a
surface resistivity of 105 ohms/sq; nondissipative
portions can include hand drawn portion 1220 with
surface resistivity 1013 ohms/sq; compression molded
sample 1230 that is electrically dissipative with
surface resistivity of about 104 ohms/sq; or
compression molded sample 1240 that is electrically
dissipative with surface resistivity of about 10s
ohms/sq. FIG. 13 illustrates articles prepared from a
shear flow sensitive composition of nanotubes
dispersed in a polymer by extrusion compounding, the
articles are prepared under different shear flow
conditions (compression molded, extruded, and
injection molded). The compression molded sample 1310
can have electrically dissipative behavior (ESD
behavior) with a surface resistivity of about 10
ohms/sq; an extruded sample 1320 with a surface
resistivity of about 10 13 ohms/sq; an injection
molded sample 1330 with a surface resistivity of about
1013 ohms/sq. FIG. 14 illustrates that composite
materials of the present invention have a storage
modulus proportional to frequency according to G'=K wz
where K is a proportionality constant, w is the
frequency between 0.01 and 1 rad/sec, where z is less
than or equal to 1.7; for the polymer alone z is
greater than 1.7. Curve fits were made between 0.1
rad/sec and 10 rad/sec on data taken from FIG. 5 for
PEEK, 0.5 wt % SWNTs in PEEK, and 2 wt% SWNTs in PEEK.
For PEEK between 0.1 and 10 rad/sec a curve fit of the
data to the function G'= Kwz gives K = 11.8 and z =
1.79 with R2 = 0.99; for 0.5 wt% SWNTs dispersed in
PEEK, a curve fit of the data between 0.1and 1 rad/sec
to the function G'=K wz gives K =66.7 and z = 0.46
with R2 = 0.97; for 2 wt% 



SWNTs in PEEK a curve fit between 0.1 and 1 rad/sec of
the data to the function G'=K wz gives K =28630 and z
= 0.16 with R2 = 0.99. FIG. 15a details rheological
measurements, the shear dependent viscosity and
storage modulus, as a function of frequency [rad/s]
for polyether imide (PEI)/SWNT composites dispersed
with 0.5 wt %, 1wt%, and 2 wt% SWNTs in embodiments of
the invention. The storage modulus curves for the
(PEI)/SWNT composites for the 0.5 wt%, 1 wt%, and 2
wt% SWNTs are given by the curves 1510, 1520, and 1530
respectively; the viscosity curves for the (PEI)/SWNT
composites for the 0.5 wt %, 1 wt% and 2 wt% SWNTs are
given by the curves 1540, 1550, and 1560 respectively.
Between 0.1 and 1 [rad/s] a curve fit of the data for
1510 to the function G'=K wz gives K =1219.6 and z =
0.29; a curve fit of the data for 1520 to the function
G'=K wz gives K =1666.1 and z = 0.25; a curve fit of
the data for 1530 to the function G'=Kwz gives K =
16396 and z = 0.19. FIG. 15b is a plot of force gap
tests for (PEI)/SWNT composites for 0.5 wt % (1580),
1wt% (1582), 2 wt% (1584), and 5 wt% (1586) SWNTs. The
results show that for 0.5wt% ( 1580) and 1 wt% ( 1582)
that the normal force is greater than 20-30 g for a
gap of 1.2 mm or less, for 2 wt% (1584) the normal
force is greater than about 100 g for a gap of 1.2mm
or less, and for 5 wt% SWNTs (1586) the normal force
is greater than about 1000 g for a gap of 1.2 mm or
less. The gap for each of the samples forms the
superimposed points in the trace 1572-1578. FIG. 16a
shows the normal force [g] as a function of time in a
force gap or squeeze flow measurement on a non-solid
sample of 2.5wt% SWNT in a polymer blend of 20 wt% PEI
and 77.5 wt% PEEK; the normal force 1610 and gap 1620
are plotted as a function of time. In this embodiment
the normal force is greater than about 150 g at a gap
of less than 1.2 mm and preferably about 1 mm. FIG.
16b is a plot of storage modulus 1630 and viscosity
1640 as a function of Freq [rad/s] on a non solid
sample of 2.5wt% SWNT in a polymer blend of 20 wt% PEI
and 77.5 wt% PEEK, a curve fit of this data between
0.1 and 1 [rad/s] to a function G'=Kcoz gives K =
22257 and z = 0.26 with R2 = 0.99. The storage modulus
at 0.1 [rad/sec] is greater than 10,000 [dynes/cm2] .
FIG. 17 a-b illustrates gap for test results and
storage modulus for 7% SWNTs in PEEK. In FIG- 17a the
normal force 1710 and gap 1720 are plotted as a
function of time. In this embodiment the normal force
is greater than about 1500 g at a gap of less than 1.2
mm. FIG. 17b is a plot of storage modulus 1730 and
viscosity 1740 as a function of Freq [rad/s] on a
non-solid sample of 7wt% SWNT in PEEK, a curve fit of
this data between 0.1 and 1 [rad/sec] to a
functionG'=K wz gives K =42323 and z = 0.12 with R2 =
0.99; G' at low frequency 0.1 rad/s is about
33,000[Pa]. FIG. 18 shows plots of strain and
permittivity as a function of time for 0.5wt% SWNTs in
PEEK with pre-shear of 1/sec for various compositions.
The graphs illustrate that the permittivity in
embodiments of the invention can be increased with
pre-shear, for example 1810 and 1820 and further
increased at higher temperatures 1820 (380 0C)
compared to 1810 at (360 0C). Scans 1830 (360 0C, no
pre-shear), 1840 (380 0C, no pre-shear), and air 1850
are also shown. FIG. 19a shows a plot of strain and
permittivity as a function of time at 3800C
(non-solid) for 0.5wt% SWNTs in PEEK. Strain steps
1910 were 20, 40, 60, 80, 100, 150, 200%, and 1% and
the measured permittivity 1920 as a function of time
at 3600C and the measured permittivity 1930 as a
function of time at 380 0C are plotted. Embodiments of
the invention show a decrease in permittivity with
increasing strain and increase in permittivity with
increasing .temperature. FIG. 19b shows DES
measurements of the permittivity as a function of time
for single point strain data for 20% (si), 60% (s2),
100% (s3), and 200% (s4). The permittivity for 2%
SWNTs (a-d), 1% SWNTs (e-h), and 0.5% SWNTs G~m ) are
given; air permittivity (i) is also shown. The 



permittivity of the sample decreases when the strain
is increased at the point, for example (s2), and then
recovers when the strain is released (one rotation of
rheometer plates). With sufficient time, the recovery
is substantially the starting permittivity value,
especially for higher amounts of SWNTs such as 2wt% or
greater. FIG. 20a is an overlay plot of storage
modulus G' at 380 0C for SWNT 2wt% in PEEK with
different shear histories, passes or cycles, through
the extruder with 1.8 min residence time in the
extruder. The shear history included 1 cycle (2010), 5
cycles (2020), 10 cycles (2030), 15 cycles (2040), and
20 cycles (2050). FIG. 20b shows the SWNT contribution
to the plateau modulus as a function of the number of
shear histories or residence time from FIG. 20a. The
relative modulus G'r was determined from data at 0.1
rad/s by the equation G'r = [(composition GVPEEK
C)-I]. FIG. 2 1 shows the change in storage modulus
for PEEK with different shear histories, passes or
cycles through the extruder with 1.8 min residence
time in the extruder for 1 cycle (21 10), 5 cycles
(2120), 10 cycles (2130), 15 cycles (2140), and 20
cycles (2150). FIG. 22 (a) illustrates resistance
measurement test points (1-9) on discs 2204 and a
rectangular plaque 2208. FIG. 22(b) illustrates
resistance of disc 2220 (circles) and rectangular
plaques 2210 (triangles) molded from 5 wt% SWNTs in
PEEK. The error bars represent  1 standard deviation
based on 3 measurements. FIG. 22(c) illustrates
resistance test results for 5wt% SWNTs in PEEK 2230.
Small error bars represent +/- 3 standard deviations
of 15 measurements (5 samples x 3 measurements/sample
using PRS-801). Large error bars (wide) represent
measurement reproducibility (+/- 3 standard
deviations) based on replicate measurements on one
sample (9 positions x 10 measurements/position using
PRS-801). The results show that variation in
resistance can be a factor of 100 or less and in some
embodiments the variation in resistance can be a
factor of 10 or less within a sample or for multiple
samples. DESCRIPTION Before the present compositions
and methods are described, it is to be understood that
this invention is not limited to the particular
molecules, compositions, methodologies or protocols
described, as these may vary. It is also to be
understood that the terminology used in the
description is for the purpose of describing the
particular versions or embodiments only, and is not
intended to limit the scope of the present invention
which will be limited only by the appended claims. It
must also be noted that as used herein and in the
appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context
clearly dictates otherwise. Thus, for example,
reference to a "nanotube" is a reference to one or
more nanotubes and equivalents thereof known to those
skilled in the art, and so forth. Unless defined
otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood
by one of ordinary skill in the art. Although any
methods and materials similar or equivalent to those
described herein can be used in the practice or
testing of embodiments of the present invention, the
preferred methods, devices, and materials are now
described. All publications mentioned herein are
incorporated by reference. Nothing herein is to be
construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of
prior invention. "Optional" or "optionally" means that
the subsequently described event or circumstance may
or may not occur, and that the description includes
instances where the event occurs and instances where
it does not. All numeric values are herein assumed to
be modified by the term "about," whether or not
explicitly indicated. The term "about" generally
refers to a range of numbers that one of skill in the
art would consider equivalent to the recited value
(i.e., having the same function or result). In some 



embodiments the term "about" refers to 10% of the
stated value, in other embodiments the term "about"
refers to 2% of the stated value. In other embodiments
of the invention essentially or substantially
invariant resistivity and or storage modulus G'
includes changes of less than 40 % , in some
embodiments less than 25% , in some embodiments less
than 10% , and in still other embodiments less than
5% of G' and or resistivity as measured on a sample of
the composite ofpolymer and SWNTs. In some embodiments
the sample may have been extruded more than once by
the process used to make the composition, and in some
embodiments extruded less than five times by the
process used to make the composition. In some
embodiments compositions of the present invention are
substantially invariant to an increase in the storage
modulus and or to a decrease in resistivity of the
composition with further extrusion cycles. The G' is
substantially invariant to an increase in the storage
modulus and or decrease in resistivity because no
improvement in the dispersion with more extrusion
process cycles or time is observed. Without wishing to
be bound by theory, further extrusion processing of
the composite reduces G' because the dispersion may
deteriorate because for example the SWNT's are
undergoing aggregation. Embodiments of the composite
material of polymer and SWNT have reached the maxima
for the storage modulus and with further induction of
stress, the dispersion declines. As would be known to
one skilled in the art, the shear modulus can also be
referred to as the storage modulus. While compositions
and methods are described in terms of "comprising"
various components or steps (interpreted as meaning
"including, but not limited to"), the compositions and
methods can also "consist essentially of or "consist
of the various components and steps, such terminology
should be interpreted as defining essentially
closed-member groups. Embodiments of the invention
include nanotubes, for example some versions include
SWNTs or nanotubes comprising SWNTs, distributed in a
melt of thermoplastic that forms an electrically
conductive or viscoelastic material from the melt on
solidification. In the case of SWNT, the ropes or
tubes form a network or matrix in the continuous phase
of the polymer; this contrasts with individual polymer
coated SWNTs prepared by a suspending individual SWNTs
in a solvent and associating them with a linear
polymer. One embodiment of the invention is a
composition comprising a thermoplastic polymer, the
polymer is not a foam or an elastomer, and the
thermoplastic polymer includes a network of single
walled carbon nanotubes dispersed in the thermoplastic
polymer. A melt or non-solid heated sample of said
composition has a storage modulus proportional to
frequency according to the relationship G'=K wz where
K is a proportionality constant, w is the frequency
between 0.01 and 1 rad/sec, and z is less than or
equal to 1. The amount of single walled carbon
nanotube in the composition is greater than 0.5 wt%
and the storage modulus at a fixed frequency can be
substantially invariant with further extrusion
compounding of the composition or can be substantially
invariant to a further increase in storage modulus
with further extrusion compounding. In some
embodiments the amount of single walled carbon
nanotubes is between 0.5 and 10 wt%. In some
embodiments the composition does not comprise added
carbon powders.In some embodiments the metal
extractables of the composition is less than 200
microgram/gram of iron as determined by acid digestion
of the composition. In some embodiments the single
walled carbon nanotubes have an aspect ratio of 100 or
more. In some embodiments the LVD can be 1000 or more
with diameters of 1-3.5 nm or 4 nm (roping) and
lengths of 1000 nm or more. The composition is made by
a melt mixing, for example an extrusion process and
advantageously is free of solvents used to disperse
nanotubes or to dissolve the polymer. Under reduce
pressure conditions the composition dutgasses less
than 0.01 micrograms per gram or 100 parts per billion
(v/v) of a solvent vapor where the solvent is one that
can dissolve the polymer or that was used in forming
the nanotube dispersion. In some embodiments the 



composite outgasses less than 0.01 microgram/gram of
sample based on the test method FGTM- 1350. The
outgassing of composites of the present invention and
those made by solvent casting or other similar methods
can also be determined by this method or the methods
disclosed by Zabka et al in U.S. Pat. Application
Publication No.: 20030066780, filed October 4, 2001
and published . April 10, 2003, the contents of which
are incorporated herein by reference in their
entirety. In some embodiments of the compositions of
the invention, aqueous leachable anions from the
sample can be about 510 ng/g or less and aqueous
leachable cations from the sample can be about 59 ng/g
or less and acid leachable metals from the sample can
be about 510 ng/g or less and outgassing organics from
the sample can be less than about 0.010 micrograms/g.
Advantageously the single walled carbon nanotubes in
the composition are not polymer wrapped single walled
carbon nanotubes. This reduces the costs of such
compositions and allows the metallic, semi-metallic,
semi conductive, or any combination of such single
walled carbon nanotubes to form an electrically
percolating network in the composition. In some
embodiments the composition has a surface resistivity
less than 10 13 ohm/sq in other embodiments less than
1010 ohm/sq and in still other embodiments less than
105 ohm/sq. In some embodiments of the composition,
prepared under varying shear flow conditions, the
volume resistivity or surface resistivity can be
decreased with heat treatment. In some embodiments the
network is characterized by a storage modulus that is
at least 800 times greater than the storage modulus of
the polymer at a frequency of 1 rad/sec or less when
the amount of single walled carbon nanotubes is
between 2 and 7 wt %. In other embodiments the network
or nanotube dispersion is characterized by a storage
modulus that is at least 150 times greater, in some
cases 2000 times greater, than the storage modulus of
the polymer at a frequency of 0.1 rad/sec when the
amount of single walled carbon nanotubes is greater
than 1 wt%.The composition can be formed into various
articles for fluid handling, a carrier for various
substrates like wafers, reticle masks, and finished
goods like computer chips and disk drive and other
similar types of read heads, a housing or body or
components for various devices such as membrane
filters, valves, or flow controllers. Embodiments of
the present invention can include materials and
compositions that comprise a dispersion of SWNTs in a
thermoplastic melt as determined by the slope of the
storage modulus of the composition at low frequency
(below about 1 rad/sec). In some embodiments the SWNTs
can be oriented, in other embodiments the SWNTs form a
network in the thermoplastic. In some embodiments the
network of carbon nanotubes can b e described as an
isotropic orientation of the carbon nanotubes or SWNTs
in the polymer matrix. Isotropic embodiments of the
present invention differ from compositions with
relatively more aligned carbon nanotubes because the
isotropic compositions for the same weight percent of
carbon nanotubes in the polymer have a higher shear
modulus G' and generally a smaller value of z in the
expression G'=K wz. On solidification, these materials
become viscoelastic materials and may also be or
become electrically dissipative materials with or
without further treatment like molding under various
shear flow conditions, heat treatment, drawing, or any
combination of these. In some embodiments the
electrical and rheological properties of solid
compositions of SWNTs dispersed in the thermoplastic
polymer can be modified by heating. The SWNTs and
polymer are blended together to yield a composite melt
composition that can be molded into articles or drawn
into films whose electrical resistivity depends on the
molding shear flow conditions or drawing conditions.
Such compositions can be made when the polymer and
nanotubes are compounded together at a distance less
than about D/2 of the extruder screw length where D is
the length of the extruder screw used to make a
dispersion of the SNWTs in the 



melted polymer that has a storage modulus G' that is
substantially invariant, or a storage modulus that
does not increase, with further extrusion compounding
of the composition and where the dispersion of SWNTs
and polymer forms an electrically dissipative article
when molded in a low shear molding process. Such
compositions can also be made when the polymer and
nanotubes are compounded together as illustrated in
FIG. 1OA or FIG. 1OB. For example, the extruder can
have length of about 95-100 cm and an L/D in the range
of about 32-42. Embodiments of compositions in the
present invention can be formed into stock pieces and
articles having a thickness much greater than cast
films while retaining the network structure of the
nanotubes in the polymer as characterized by the
storage modulus value and storage modulus slope with
frequency. While there are no limitations on the
thickness of compositions or portionsof structures of
articles including compositions in embodiments of the
invention, in some embodiments the composition or
article can have a smallest dimension or a thickness
of greater than about 1mm, in some embodiments greater
than about 10 mm, and in other embodiments greater
than 10 cm or more. Thicker compositions and articles
can be used for structural applications such as
partitions, laboratory blast shields, laboratory hood
windows, tubing, filter housing manifolds, valve body
blocks, wafer and reticle carrier supports. These
thick materials are more difficult to form directly by
film casting or which may require additional
processing steps such as hot pressing cast film pieces
together to form thicker pieces. Embodiments of the
present invention are advantageous over carbon powder
or other filler based polymer composites of MWNTs
which can break down with high shear in the polymer.
SWNT composites in compositions of the present
invention minimize this problem which is advantageous
for injection and extrusion molding because the
process can be run at lower temperatures and higher
shear for increased product output, recycling, and
energy savings. SWNT polymer composites in embodiments
of the invention exhibit unique rheological and
electrical properties; their behavior is a function of
SWNT orientation in the continuous - polymer matrix.
The inventors have discovered that when some
embodiments of extrusion compounded composites of
SWNTs and a thermoplastic of the present invention are
formed into articles by precision injection molding,
that these molded articles exhibit insulative behavior
and then upon heating become electrical conductive.
Without wishing to be bound by theory, this behavior
may be a result of a relaxation phenomenon in the SWNT
composite. In the high shear flow molded article, the
well-dispersed SWNT in the polymer matrix tend to
align such that they are not in contact with each
other and are farther than the minimum required
distance, about 5 nm, to achieve electrical
percolation through electron hopping. Upon heating, it
may become possible for the SWNT to touch each other
or locate at a distance less than or equal to about 5
nm from each other to create an electrically
percolating material. The inventors have also
surprisingly discovered for single wall carbon
nanotubes dispersed or distributed in the polymer in
embodiments of the invention, that the orientation of
the SWNTs may be modified by the molding process and
shear flow conditions to change the conductivity of
the resulting molded material. Compression molded
samples show conductivity while injection molded
samples out of the same resin are more resistive or
insulating (resin includes dispersed or distributed
nanotubes in the polymer where the resin is
characterized by a low slope shear modulus at low
frequency, below about 1rad/sec and in some cases
about 0.1 rad/sec, of co z for z less than about 1.7).
The conductivity, surface resistivity, or volume
resistivity of electricallydissipative molded articles
can be turned off or modified by extensional flow
(pulling the resin) as illustrated in FIG. 12 where
the extruded portion of the material has a surface
resistivity of about 105 ohm/sq and the drawn portion
of the material has a surface resistivity of about
1013 ohm/sq. The surface resistivity in this
embodiment was modified by about 108 ohm/sq; in other 



embodiments the surface resistivity can be modified by
a factor of 10", where n can be a rational or
irrational number of about 10 or less. When the sample
is re-heated to its melt temperature, the conductivity
returns. This property can be used in a process like
coining for injection molding to maintain the
conductivity of samples while obtaining high process
throughput. Coining is process where the material is
shot into an open mold and then the mold is closed
onto the material to reduce shear flow (the process
can be used to make lenses) and achieve conductivity
in injection molded parts. The measure of the mixing
of the nanotube or ropes of nanotubes may be
characterized by the degree of distribution,
dispersion, and uniformity in the degree of mixing
throughout the continuous phase material. The amount
of mixing or dispersion of the nanotubes, for example
SWNT ropes and nanotubes can depend upon the level of
shear applied to the polymer and nanotubes. The degree
of dispersion can be determined visually, for example
the SEM of FIG 9 illustrates better nanotube
dispersion than in FIG. 8. The degree of dispersion
can also be determined by the low frequency slope of
G' vs frequency (w) which approaches zero as the
dispersion becomes better. Additionally, a higher the
value of G' at low frequency, especially compared to
the G' of the continuous polymer phase alone,
indicates a better dispersion of nanotubes in the
continuous phase. Dispersed nanotubes in polymers in
embodiments of the invention refers to compositions
where compared with the unfilled polymer, the
nanotubes dispersed in the polymer in the melt or
non-solid form show an increase in the storage modulus
G' at low frequency above the melting point or glass
transition temperature such as 0.1 (rad/s) of about
9Ox or more for SWNTs of 0.5% by weight; of about 400x
or more for SWNTs of 1% by weight; of about 9,00Ox or
more for SWNTs of 2% by weight; of about 90,00Ox or
more for SWNTs of 5% by weight as illustrated in FIG.
5, of up to about 150,000x or more for SWNTs of 7% by
weight as illustrated in FIG. 17b. These compositions
also have a low slope shear modulus at low frequency,
below about 1rad/sec, of wz for z less than about 2,
in some embodiments less than about 1.7, in other
embodiments less than about 1, and in still other
embodiments the low frequency slope is less than about
0.5. The higher G' and the lower the slope indicating
a better dispersion of the nanotubes in the polymer.
In some embodiments the storage modulus curve of the
polymer alone is characteristic of a bimodal
distribution of molecular weights. Compositionsof
SWNTs dispersed in such a polymer utilizing the
methods and materials of the invention can result in
an increase in G' for the composition that is greater
than the polymer alone. In some embodiments with 0.5%
SWNTs or more dispersed into such a polymer, a G'
value at 0.1 rad/sec can be about 50 times greater, or
more, than the G' for the polymer alone. In other
embodiments, a dispersion of 1% SWNTs or more into
such a polymer can result in a G' value at 0.1 rad/sec
that can be about 70 times greater, or more, than G'
for the polymer alone. In still other embodiments, a
dispersion of 2% SWNTs or more into the polymer can
results in a G' value at 0.1 rad/sec that can be about
800 times greater, or more, than G' for the polymer
alone. These composites can be characterized as having
z of about 0.35 or less for the storage modulus fit to
function G'=Kcoz. In some embodiments the polymer can
be a blend of polymers with different molecular weight
distributions. Compared to the storage modulus for
either of the polymers alone at 0.1 rad/s, SWNTs
dispersed in this polymer blend utilizing the method
and materials herein can result in an increase in G'
compared to the polymers alone or their blend. In some
embodiments a composite with 2.5% or more SWNTs
dispersed in a blend of polymers, the G' increase can
range from about 1,000 or more to about 50,000 or more
compared to the G' for the neat polymers alone or the
G' for their blend. . ' In various embodiments the
storage modulus carl be measured on a sample of the
material 



in the rheometer at the processing or the average
processing temperature used to make the composite
material in the extruder. In some embodiments the
temperature results in a melt flow rate that can range
from about 3 to about 60 (g/min) and in still other
embodiments the temperature can result in a melt flow
of from about 16-20 (g/min). Embodiments of the
invention include or comprise SWNTs dispersed and or
distributed in a polymer in an amount and for a time
that reaches the rheological percolation threshold.
This threshold can be characterized by the storage
modulus having a low slope shear modulus at low
frequency, below about 1 rad/sec, of G>z for z less
than about 2. At this amount of dispersed SWNTs, the
motion of the polymer chains are impeded by the
dispersed nanotubes. Materials at this threshold of
SWNTs could be molded into articles useful for fire
retardant materials. While there is no particular
limitation on the time the SWNTs and polymer can be in
the extruder together to form the disperse network of
SWNTs in the thermoplastic in embodiments of the
invention, in some embodiments the residence time in
the extruder can be about 2 minutes, in other
embodiments the residence time of the nanotubes in the
extruder can be less than about 2 minutes, for example
1.8 minutes. In other embodiments the residence time
can range from about 1 to about 3 minutes, in some
embodiments less than about 6 minutes (FIG. IB), and
in still otherembodiments less than about 10 minutes.
Shorter processing times improves throughput and
reduces the chance for damage to the polymer or
nanotubes. Electrical percolation threshold for a
sample is sufficient proximity of conductive fibers,
conductive particles, ropes of two or more conductive
nanotubes, individual conductive nanotubes, or any
combination of these to form an electrically
conductive pathway through the continuous polymer
matrix of the composition. For example, for SWNTs the
percolation threshold may be where a sufficient number
of ropes of nanotubes or nanotubes are within a
distance for charge carriers in the sample to move in
response to an applied electric field. In some
embodiment the distance between some portion of
adjacent tubes or ropes can be about 5 nm or less.
Electrically dissipative or conductive refers to
molded materials from compositions in embodiments of
the present invention with surface resistivities of
less than about 10 14 ohm/sq, in some embodiment less
than 1010 ohm/sq; in some embodiments the resistivity
can be less than about 10 ohm/sq; in some embodiments
the resistivity can be less than about 10 ohm/sq; in
some embodiments the resistivity can be less than
about 105 ohm/sq; in some embodiments the surface
resistivity can be less than about 104 ohm/sq.
Nanotubes are an example of nanometer or molecular
size'materials that may be used as a constituent in
the compositions in embodiments of the present
invention. These nanotubes may be may be doped with
conductive atoms; in some cases the dopants may be
inside the tube or the dopants may be supplied with
functionalized surfaces. Examples of nanotubes are
single-walled carbon nanotubes (SWNTs) multiwalled
carbon nanotubes (MWNTs), or tungsten disulfide
nanotubes. In some embodiments the composition
comprises nanotubes that are SWNTs or ropes of them
dispersed in the polymer which are not functionalized
or oxidized. In some embodiments the composition
consists essentially of nanotubes that are SWNTs or
ropes of them dispersed in the polymer. In some
embodiments the composition consists of nanotubes that
are SWNTs or ropes of them dispersed in the polymer.
In some embodiments the SWNTs may comprise other
nanotubes, for example MWNTs, or other conductive
particles such as carbon. In some compositions, the
nanotubes can be used without further purification. In
other embodiments the nanotubes may be purified to
remove deleterious metals and catalyst that could be
extracted in some applications of molded articles of
the invention. In some embodiments the composition of 



SWNTs and polymer is absent or free of catalyst,
support or any combination of these from the SWNTs
that would lead to extractables by acid digestion of
the sample of greater than about 2000 mg (metal/gram
of sample) of metals listed in Table 2; in some
embodiments less than 200 mg Fe/gof sample. The amount
of the metals can be determined by acid digestion of
the composite composition having the nanotube
dispersed in the continuous polymer phase as described
in embodiments of the present invention. In some
embodiments the SWNTs are not oxidized and are absent
surface functional groups. Nanotubes in embodiments of
the present invention can refer to both individual
tubes, aggregates of tubes also referred to as ropes,
or a combination of these. The extrusion compounding
of the nanotubes can disperse aggregates of nanotubes
into smaller aggregates, into individual tubes, or it
can form a mixture of individual tubes and ropes. The
aggreagated nanotubes and individual tubes can be
distributed or dispersed in the continuous phase of
the polymer matrix. A dispersion or distribution of
nanotubes, ropes, or aggregates of these in a polymer
matrix in embodiments of the present invention form a
composition whose structure can be characterized by
the storage modulus of the composition. A dispersion
of the nanotubes in the polymer gives an approximate
power law relationship of the storage modulus G' with
frequency of the approximate form wz where z is less
than about 2, preferably less than about 1.7, and more
preferably less than 0.5. A dispersion or distribution
of nanotubes or aggregates of nanotubes gives a value
of G' that is greater than the value of G' for the
neat continuous phase; a higher value of G indicating
a better dispersion of the nanotubes where other
characteristics of the composition such as but not
limited to aspect ratio, nanotube length, and polymer
molecular weight are about the same. A dispersion or
distribution of nanotubes in a polymer matrix in
embodiments of the invention forms a composition that
has a storage modulus G' that is substantially
invariant with further extrusion compounding of the
composition, in some embodiments the storage modulus
G' does not increase, rather it decreases, with
further extrusion compounding. A greater dispersion
provides a denser network of the nanotubes in the
continuous phase which imparts improved flame
retardancy to the composition or molded article, the
article exhibits less dripping of polymer and has a
greater normal load when exposed to a flame, and also
provides reduced electrical resistivity at lower
nanotube loading which reduces costs. In some
embodiments the nanotubes are neat without added
chemical functionalizaton on the ends and or sides of
the tubes. In other embodiments, the nanotubes may be
chemically functionalized to aid in their extrusion
compounding, dispersion, or distribution in the
polymer matrix. The nanotubes may in some embodiments
comprise a mixture of functionalized and
unfunctionalized nanotubes. In some embodiments the
nanotubes do not include or are free from functional
groups, groups formed by nanotube oxidation, and in
particular organic functionalgroups, linked or bonded
to carbon atoms of the nanotubes. This reduces the
costs of the nanotubes and compositions made from them
in embodiments of the invention. Nanotubes, as ropes,
tubes, or a combination of these can be used in the
compositions in various embodiments of the invention.
The term nanotube can refer to any of these, ropes,
tubes, or their combination unless a specific form is
mentioned. For example, SWNTs refer to ropes, tubes,
or a combination of these while "SWNT tubes" refers
only to separated nanotubes. Nanotubes as ropes or
individual tube can be characterized by their aspect
ratio (length/diameter). As shown in FIG IA and B the
SWNTs or ropes of them can have lengths of several
tens of nanometers to several hundred nanometers.
Nanotubes with length of several microns may be used.
The diameters can be about 1 nanometer for SWNT tubes
and larger for ropes of tubes. High aspect ratio
materials can be used; in some embodiments the aspect
greater than about 25, in 



other embodiments greater than about 100, and in still
other embodiments greater than about 250. A higher
aspect ratio is advantageous because less nanotube
material need's to be used. Carbon nanotube or
nanotubes according to the present invention can
separately be single-wall carbon nanotubes (SWNTs),
multi-wall carbon nanotubes (MWNTs), double-wall
carbon.nanotubes, buckytubes, carbon fibrils, and
combinations thereof. Such carbon nanotubes can be
made by any known technique, and they can be
optionally purified, preferably without oxidation:
Such carbon nanotubes can be metallic, semiconducting,
semimetallic, and combinations thereof. In some
embodiments the amount of nanotubes extrusion
dispersed in the polymer can be an amount that forms a
network of the nanotubes in the continuous phase. The
network can be a rheological network, for example as
evidenced by a SWNT polymer composite material having
a low frequency weakly dependent G' with a slope with
z less than 1, a SWNT polymer composite material that
has an improved axial force as illustrated in FIG. 6,
an electrically dissipative material, or any
combination of these. Because of their small size,
carbon nanotubes will tend to agglomerate when
dispersed in a polymeric resin. To achieve good
rheological and or electrical properties in a
composite, uniform dispersion of the nanotubes or
ropes of them within the polymer matrix is beneficial.
The better the uniformity of the dispersion of
nanotubes in the continuous phase, the lower the slope
of the storage modulus. Further, the better the
uniformity, the lower the mass or weight percent of
nanotubes that can be used to achieve a given storage
modulus or electrical conductivity. Lower loadings can
be used to reduce material costs. Agglomeration can
occur in single walled carbon nanotubes because
entanglement of the tubes can occur during nanotube
growth. Embodiments of compositions and methods for
makingthem are able to overcome such aggregation with
these and other forms of nanotubes or single walled
carbon nanotubes and achieve compositions above the
rheological and or electrical percolation threshold at
low nanotube loadings, about 7 wt% or less. Optionally
deagglomeration of the nanotubes can be performed by
sonication, coating, chemical treatment, or other
known methods prior to extrusion compounding the
components. Some embodiments of the invention use
nanotubes that consist, consist essentially of, or
comprise SWNTs. SWNTs and methods for making them for
various embodiment of the present invention include
those disclosed in U.S. Patent Application Publication
U.S. 2002/0046872 and U.S. Pat. No. 6,936,233, the
teachings of each of these being incorporated herein
by reference in their entirety. Suitable raw material
nanotubes are known. The term "nanotube" has its
conventional meaning as described; see R. Saito, G.
Dresselhaus, M. S. Dresselhaus, "Physical Properties
of Carbon Nanotubes," Imperial College Press, London
U.K. 1998, or A. Zettl "Non- Carbon Nanotubes"
Advanced Materials, 8, p. 443 (1996) the teachings of
these incorporated herein by reference in their
entirety. Nanotubes useful in this invention can
include, e.g., straight and bent multi-wall nanotubes,
straight and bent single wall nanotubes, and various
compositions of these nanotube forms and common
by-products contained in nanotube preparations.
Nanotubes of different aspect ratios, i.e.
length-to-diameter ratios, will also be useful in this
invention, as well as nanotubes of various chemical
compositions, including but not limited to dopants.
Commercially available SWNTs can be obtained from CNI
Houston, TX; embodiments of the invention can disperse
various grades of nanotubes such as Bucky ESD34 or XD.
Carbon nanotubes are also commercially available from
CarboLex, Inc. (Lexington, Ky.) in various forms and
purities, Hyperion Cambridge, MA, and from Dynamic
Enterprises Limited (Berkshire, England) in various
forms and purities. Nanotubes in some embodiments may
comprise tungsten disulfide, boron nitride, SiC, and 



other materials capable of forming nanotubes. Methods
of making nanotubes of different compositions are
known. (See "Large Scale Purification of Single Wall
Carbon Nanotubes: Process, Product and
Characterization," A. G. Rinzler, et. al., Applied
Physics A, 67, p. 29 (1998); "Surface Diffusion Growth
and Stability Mechanism of BN Nanotubes produced by
Laser Beam Heating Under Superhigh Pressures," O. A.
Louchev, Applied Physics Letters, 71, p. 3522 (1997);
"Boron Nitride Nanotube Growth Defects and Their
Annealing-Out Under Electron Irradiation," D.
Goldberg, et. al, Chemical Physics Letters, 279, p.
191, (1997); Preparation of beta-SiC Nanorods with and
Without Amorphous Siq 2 Wrapping Layers, G-W. Meng et.
al., Journal ofMaterials Research, 13, p. 2533 (1998);
U.S. Pat. Nos. 5,560,898, 5,695,734, 5,753,088,
5,773,834. An improved method of producing single-wall
nanotubes is described in U.S. Pat. No. 6,183,714,
entitled "Method of Making Ropes of Single-Wall Carbon
Nanotubes," incorporated herein by reference in its
entirety. This method uses, inter alia, laser
vaporization of a graphite substrate doped with
transition metal atoms, preferably nickel, cobalt, or
a mixture thereof, to produce single-wall carbon
nanotubes in yields of at least 50% of the condensed
carbon. The single-wall nanotubes produced by this
method are much more pure than those produced by the
arc-discharge method. Because of the absence of
impurities in the product, the aggregation of the
nanotubes is not inhibited by the presence of
impurities and the nanotubes produced tend to be found
in clusters, termed "ropes," of 10 to 5000 individual
single-wall carbon nanotubes in parallel alignment,
held together by van der Waals forces in a closely
packed triangular lattice. PCT/US/98/04513 entitled
"Carbon Fibers Formed From Single-Wall Carbon
Nanotubes" and which is incorporated by reference, in
its entirety, discloses, inter alia, methods for
cutting and separating nanotube ropes and manipulating
them chemically by derivatization to form devices and
articles of manufacture comprising nanotubes. Other
methods of chemical derivatization of the side-walls
of the carbon nanotubes are disclosed in
PCT/US99/21366 entitled "Chemical Derivatization of
Single Wall Carbon Nanotubes to Facilitate Solvation
Thereof, and Use of Derivatized Nanotubes," the
teachings of which are incorporated herein by
reference their entirety. Optionally the nanotubes can
be purified. For contaminant sensitive fluid or
substrate contacting applications in semiconductor or
pharmaceutical applications, impurities such as but
not limited to extractable metals or particulate can
be removed from the nanotubes prior to extrusion
compounding with a polymer. Examples of contaminants
that can be removed include but are not limited to
nanotube catalyst support, pyrolytic carbon, catalyst
and others. Metals analysis of nanotube polymer
composites in embodiments of the invention can be
determined by acid digestion of the sample, for
example by heating with nitric acid with subsequent
analysis by ICP-MS. One embodiment is a composite with
less than about 2,000 mg/g of total metals as
exemplified by metals Table 2; in other embodiments
the composite includes less than about 1,000 mg/g of
total metals as exemplified by the metals Table 2; in
other embodiments less than about 600 mg/g of total
metals as exemplified by the metals in Table 2.
Nanotubes and SWNTs in particular can be contaminated
with metals and magnetic particles from the catalyst.
Embodiments of the invention can include compositions
of SWNT nanotubes that are extrusion compounded and
dispersed in a polymer where the purity total metals
of the composition is lessthan about 1,500 mg/g of
total metals as exemplified by metals in Table 2.
Graphitic flakes, polyhedral particles amorphous
carbon, or other undesirable particle forming material
can be removed from the nanotubes especially where
shear history becomes measurable. In embodiments of
the invention, the polymer used to form the continuous
phase is a polymer that disperses nanotube with
extrusion compounding. Preferably the polymer
disperses or distributes SWNTs in the polymer with
extrusion compounding. In some embodiments the 



polymer and dispersed nanotubes in the extrusion
compounded composition forms an electrically
dissipative article in a molding process, and
preferably in a low shear flow molding process
(extruding, compression molding, coining, etc).
Polymers that can be used as the continuous phase in
extrusion compounded nanotube compositions of the
present invention can include high temperature, high
strength polymer. These polymers have high resistance
to heat and chemicals. The polymer is preferably
resistant to the chemical solvent N-methyl pyrilidone,
acetone, hexanone, and other aggressive polar solvents
especially at room temperature, in some cases below
about 500C, or in some cases below about 100 C. A high
temperature, high strength polymer is one that has a
glass transition temperature and/or melting point
higher than about 1500C. Further, the high strength,
high temperature polymer preferably has a stiffness of
at least 2 GPa. : Examples of high temperature, high
strength polymers for extrusion compounded
compositions of the present invention are
independently polyphenylene oxide, ionomer resin,
nylon 6 resin, nylon 6,6 resin, aromatic polyamide
resin, polycarbonate, polyacetal, polyphenylene
sulfide (PPS), trimethylpentene resin (TMPR),
polyetheretherketone (PEEK), polyetherketone (PEK),
polysulfone (PSF), tetrafluoroethylene/per-
fluoroalkoxyethylene copolymer (PFA), polyethetsulfone
(PES; also referred to as polyarylsulfone (PASF)),
high-temperature amorphous resin (HTA) polyetherimide
(PEI), liquid crystal polymer (LCP), polyvinylidene
fluoride (PVDF), ethylene/tetrafluoroethylene
copolymer (ETFE),
tetrafluoroethylene/hexafluoropropylene copolymer
(FEP),
tetrafluoroethylene/hexafluoropropylene/perfluoroalkox
yethylene terpolymer (EPE), and the like. Mixtures,
blends, and copolymers that include the polymers
described herein may also be used. In some embodiments
the high strength, high temperature polymers are PEK,
PEEK, PES, PEI, PSF, PASF, PFA, FEP HTA, LCP and the
like. Examples of high temperature, high strength
polymers are also given in, for example, U.S. Pat.
Nos. 5,240,753; 4,757,126; 4,816,556; 5,767,198, and
patent applications EP 1 178 082 and PCT/US99/24295
(WO 00/34381) which are hereby incorporated herein by
reference. In some embodiments the blend may include
about 60 to about 80% of PEEK. In some embodiments the
blend may include PEIand PEEK, and in still further
embodiments a blend of about 10 to about 20% PEI and
about 70 to about 80% PEEK with the nanotubes making
up the balance. In some versions the polymers used to
extrusion disperse the nanotubes are high temperature,
high strength thermoplastic polymers; the polymers are
not thermoset or solution cast polymers. Examples of
high temperature, high strength thermoplastic polymers
that can be used in versions of the invention are
independently polyetheretherketone (PEEK(r)),
Polyetherketoneketone (PEKK), polyetherketone (PEK),
poly ether imide (PEI), polyimide (PI), perfluoro
polymers like Teflon(r) FEP (copolymer of
tetrafluoroethylene with. Hexafluoropropylene), PFA (a
copolymer of tetrafluoroethylene and
perfluoro-propylvinylether), MFA (a copolymer of TFE
and perfiuoro-methylvinylether), Polybutylene
terephthalate (PBT), or co-polymers including these.
In some embodiments the polymer can be a flame or fire
retardant material including but not limited to
polycarbonate, polyesters, polyphosphonates,
polyphenylene sulfide (PPS), polysulfone (PSF),
polyethersulfone (PES), UPE, or blends of these or
copolymers including these. In other versions,
polymers may include rigid rod polymers. Examples of
useful rigid rod polymer can include but are not
limited to-PARMAX and blends of PARMAX with PEEK PI
OrPEI. In some embodiments the polymer forming the
continuous phase comprises PEEK, PI, or PEL In other
embodiments the continuous phase comprises PEEK or PEL
In still other embodiments the polymer comprises PEEK.



In some embodiments the polymer that is extrusion
compounded with the nanotubes is not solution castable
or soluble in a solvent. For example nanotubes are not
suspended in a solvent with dissolved polymer and cast
into a film that is subsequently extruded. In some
embodiments the nanotubes are dispersed in a
thermoplastic, for example a master batch with a high
concentration of nanotubes in the polymer, where the
polymer is characterized by not being solution
castable. As used herein,"foam" refers to an article
or composition that includes a polymer matrix in which
the density of the article is less than the density of
the polymer matrix alone. Embodiments of the invention
include those whose density is about that of the
polymer, the composition being free of a cellular
structure that would reduce its density to that of a
foam. Embodiments of compositions and articles of the
present invention can be characterized in that below
the melting or glass transition temperature, the
compositions and articles resist elongation or
deformation under an externally applied force and that
above a threshold force the elongation or deformation
of the composition remains after the external force is
released orremoved. Embodiments of the invention
include those materials which are not elastically
compressible or elastically extensible. In some
embodiments, the molecular weight of the polymer in
which the SWNTs are dispersed can be greater than
about 50,000 g/mol. In some embodiments, the molecular
weight of the polymer can range from 15,000 g/mol to
60,000 g/mol. In some embodiments the molecular weight
or molecular weight range of the polymer can be chosen
to provide a smaller lowfrequency slope of G' vs w and
a larger G' value at low frequency such as 0.1 to
1rad/sec. This choice of molecular weight or range of
molecular weights can be modified based on the polymer
and aspect ratio of the nanotubes like SWNTs and can
used to constrain the motion of the polymer chains by
the nanotube network in the polymer. The molecular
weight distribution of the polymer in which the SWNTs
are dispersed can vary. In some embodiments the
storage modulus of the polymer can be characterized by
a single distribution of molecular weights, in other
embodiments the storage modulus can be characterized
by a bimodal distribution, and still other embodiments
a multimodal distribution of molecular weights. Blends
of polymers having different compositions and
different distributions of molecular weights can also
be used. In some embodiments, the molecular weight of
the polymer can be chosen such that the radius of
gyration of the polymer chain is less than the
diameter of the nanotubes aggregates extrusion
compounded into the polymer. Such a choice of polymer
can give rise to low Theological percolation at low
loading. For example, and without wishing to be bound
by theory, the radius of gyration of the PEEK polymer
chains in the extrusion compounded SWNT/PEEK
composition in an embodiment of the present invention
is about 18.7 nm. SWNTs aggregates that have a
diameter less than about 18.7nm may impede the
movement of the PEEK molecular chains and provide the
improved properties of these compositions. The
nanotubes, and preferably SWNTs dispersed in the
polymer have a structure, distribution, orientation or
form a network with the polymer. In some embodiments
the SWNTs in the polymer have an isotropic
orientation. The network resists deformation under an
axial force, preferably a substantially constant axial
force as illustrated in a squeeze flow test by the
nonlimiting composition (NT4) of FIG. 6. The networks
of nanotubes, and preferably SWNTs, can solidify from
the melt to an electrically dissipative solid in a low
shear flow molding process. The polymer melt with
dispersed nanotubes in embodiments of the invention is
free of solvent, especially when compared to solvent
casting, coagulation, interfacial polymerization,
monomer-SWNT compolymerization methods. Embodiments of
the present invention do not outgas solvent vapor as
would be expected from polymers dissolved solvents
that have been usedto cast disperse nanotube or SWNTs
into a polymer. Outgassing may be determined by
thermal 



gravimetric analysis, pressure decay, and or TG-MS
under atmospheric pressure, reduced atmospheric
pressure, or other predetermined application
condition. Outgassing can be an important property of
articles comprising or consisting of the polymer and
dispersed nanotubes especially in applications where
low levels of contamination are beneficial. Examples
of articles prepared by molding nanotubes dispersed in
polymers in embodiments of the present invention can
include substrate carriers (reticle or wafer), tubing,
valves, and other fluid contacting structures.
Deleterious outgassing may include water vapor or
organic solvents at levels of micrograms per gram or
less, parts per million or less, parts per billion or
less, or parts per trillion. Other vapors can include
those detrimental to materials and processes used in
semiconductor and pharmaceutical applications. A
method of making compositions and dispersions of
nanotubes in polymers in embodiments of the invention
include the steps or acts of dispersing nanotubes in a
continuous polymer matrix. In some embodiments the
method can comprise the steps or acts of extrusion
compounding an amount of nanotubes with a polymer to
form a composition. The extrusion compounding in
embodiments of the present invention distributes
the.nanotubes in the polymer .- such that the
composition has a storage modulus G' that is
substantially invariant with further extrusion
compounding of the composition. The method forms
compositions with a dispersion of the nanotubes in the
polymer that gives a network structure of the
nanotubes with the polymer characterized by an
approximate power law relationship of the storage
modulus G' with frequency of the approximate form wz
where z is less than about 2, preferably less than
about 1.7, and more preferably less than 0.5. A
dispersion or distribution of nanotubes or aggregates
of nanotubes gives a composite composition whose value
of G' is greater than the value of G' for the neat
continuous polymer phase; the nanotubes dispersed in
the polymer in the composite composition can be
characterized by an increase in the storage modulus
G'at low frequency such as 0.1 (rad/s) of about 9Ox or
more for SWNTs of 0.5% by weight; of about 40Ox or
more for SWNTs of 1% by weight; of about 9,00Ox or
more for SWNTs of 2% by weight; of about 90,00Ox or
more for SWNTs of 5% by weight and about 150,00Ox or
more for SWNTs of 7% by weight or more in the polymer.
The method can further include the acts or steps of
molding the composite composition into an article, and
may optionally further include the acts or steps of
heat treating the molded article to provide a
predetermined or desired surface resistivity or volume
resistivity. In other embodiments the method can
comprise the steps or acts of extrusion compounding an
amount of a composition comprising single walled
carbon nanotubes with a polymer to form a
composition.The extrusion compounding distributes the
single walled carbon nanotubes in the polymer and the
composition has a storage modulus G' that is
substantially invariant, or decreases, with further
extrusion compounding of the composition. Another
embodiment of the invention is a method of producing
an article or stock pieces or pellets of a composite
composition in embodiments of the invention. The
method may comprise transferring the composite
composition of polymer and network of nanotubes in
embodiments of the present invention as a powder,
pellets, or in stock billets to a location for selling
molded articles of the composition. At this location
for selling the composite composition, the composition
may be molded into articles at the location for
selling molded articles of the composition. The method
may further comprise the act of heat treating molded
articles. The method may further include the act or
steps of assembling final products comprising articles
molded from the composite composition of the present
invention with other articles comprising materials
that are not composite compositions of the present
invention. In some embodiments the composite, articles
made from the composite, stock pieces, pellets, or the
like can have a surface 



resistivity uniformity within a factor of 100 and in
some within a factor of 10 for two or more measurement
test points on the sample, an article comprising the
composition, a stock piece or the like. Molded
articles may include but are not limited to portions
or all of reticle carriers as illustrated in U.S. Pat.
Nos. 6,513,654 and 6,216,873; disk shippers as
illustrated in U.S. Pat. Nos. 4,557,382 and 5,253,755;
chip trays as illustrated in U.S. Pat. No. 6,857,524;
wafer carriers as illustrated in U.S. Pat. No.
6,848,578; fluid housings as illustrated in U.S. Pat.
No. 6,533,933, wherein each of these references is
incorporated herein by reference in its entirety into
the present application. Articles comprising the
composite composition in embodiments of the present
invention may be used in processes for making
semiconductor wafers; they may be used in delivering,
transporting, or purifying liquid reagents for
semiconductor or pharmaceutical manufacturing; the
compositions of the present invention and articles
made from them can be used in process tools that
include but are limited to flow meters and flow
controllers, valves, tubing, heat exchange devices,
filter housings, and fluid fittings for connecting to
tubing. The dispersion of nanotubes, preferably SWNTs
in a melted polymer made by extruding dry polymer and
nanotubes together, in some embodiments occurs
essentially simultaneously. For electrically
conductive nanotubes, preferably SWNTs, this process
can result in composite compositions whose electrical
dissipative properties and storage modulus do not
substantially change with repeated melt extrusion of
the nanotube-polymer dispersion through an extruder as
illustrated in FIG. 1IA. These composite compositions
in embodiments of the invention may becharacterized by
an axial force measured in a squeeze flow test of the
composite composition that is greater than an axial
force measured on a second extrusion compounded
polymer composition. The second extrusion compounded
composition comprises the nanotubes distributed into
an extruded melt of the polymer, the nanotubes added
into to the extruded melt of the polymer at a location
equal to or greater than half the length of an
extruder (extruder screws) used to make an
electrically dissipative embodiment of the composite
composition. For electrically conductive nanotubes,
preferably SWNTs, this process can be used to prepare
electrically dissipative materials whose resistivity
can be varied depending upon the molding shear flow
conditions. In particular these composite compositions
can form electrically dissipative material when formed
under low shear conditions (extrusion, compression
molding, coining, gas pressure balanced injection
molding) and can form insulating materials when formed
under high shear conditions (injection molding). In
some embodiments insulating materials formed under
high shear flow can be thermally relaxed to an
electrically dissipative state when heated. When a
polymer is mixed with immiscible nanotubes, the
polymer is the continuous phase and the nanotubes are
the dispersed phase. Where the nanotubes are
considered single molecules, the nanotube may be
referred to as being distributed in the polymer. A
combination of dispersed and distributed nanotubes in
the continuous phase can also exit. The nanotubes can
form a discrete phase in the continuous matrix. In
embodiments of the invention, the nanotubes can exist
as individual tube or the tubes may be agglomerated
together to form ropes of tubes. The extrusion
compounding can distribute, disperse, or any
combination of these, the nanotubes in the continuous
polymer phase. The extrusion compounding can reduce
the size of the agglomerated tubes in ropes of
nanotubes and cause dispersive, distributive, or a
combination of these types of mixing of the nanotubes
in the continuous phase polymer matrix. In some
embodiments of the process, SWNTs or other nanotubes
to be extrusion compounded with the polymer can
optionally be deagglomerated by such acts such as
sonication, ultrasonicating, electrostatic treatment,
ball milling, or electric field manipulation. In some
embodiments of the process, the SWNTs or other
nanotubes can also include optional dispersion 



additives or have surface functionalization. Extrusion
compounding of the polymer and composition comprising
nanotube can occur in an approximately contemporaneous
manner as illustrated in FIG. 1OA and FIG. 1OB. The
polymer and composition comprising the nanotubes,
preferably a composition comprising single walled
carbon nanotubes, are compounded at about the same
time in the with a sufficient amount of . nanotubes
and enough energy (torque applied to the screws),
heat, and time (residence time) toform an extrusion
compounded composition. The composition nanotubes
distributed and or dispersed in the polymer has a
storage modulus G' that is substantially invariant
with further extrusion compounding of the composition.
For compositions with a sufficient amount of
conductive nanotubes dispersed, and that have nearly
independent low frequency storage modulus behavior, an
increase in molding shear flow rate of the composition
increases the electrical resistivity of an article
molded by the composition. The amount of nanotubes by
weight and polymer by weight can be varied to obtain
compositions and molded articles having a desired set
of properties and cost. For example higher amounts of
electrically conductive nanotubes such as SWNTs can be
used to obtain materials with lower electrical
resistivity, lower amounts of nanotubes can be used to
reduce material costs. Higher amounts of nanotubes can
be used to obtain higher storage modulus for a given
polymer or combination of polymers. In some
embodiments of the present invention, the amount of
nanotubes can be chosen to form a composition whose
shear or storage modulus is at or above the
rheological threshold. The rheological threshold or
rheological percolation threshold occurs when the
nanotubes impede the motion of the polymer chains and
may be determined by sudden change in storage modulus
versus nanotube loading in the composite composition.
In other embodiments the amount of nanotubes can be
chosen to form a composition whose electrical,
magnetic, or other measurable property is at or above
its percolation threshold. In some embodiments that
amount of nanotubes in the thermoplastic polymer is
about 10% or less by weight, in some embodiments the
amount of nanotubes is less that 5% by weight, in some
embodiments less than 4% by weight, in some
embodiments less than 3% by weight, in some
embodiments less than 2% by weight, in some
embodiments less than 1% by weight, and in still other
embodiments about 0.5% or less where a percolation
threshold is achieved by the extrusion compounding. In
some embodiments of the invention the amount of single
walled carbon nanotubes in the polymer can range from
0.5% to 7% by weight or any amount in between these.
In some embodiments the amount of single walled carbon
nanotubes by weight in the polymer composite can be
0.5%, 1%, 2%, 3%, 4%, 5%, 6%, or 7% or amounts of
SWNTs between any of these. In embodiments of the
invention, the density of the composite of polymer
with the dispersed nanotubes can range from about 1.2
g/cm3 to about 1.4 g/cm3, in other embodiments the
density of the composites can range from 1.3 g/cm3 to
about 1.36 g/cm3. In some embodiments, adding SWNTs or
other nanotubes and polymer together at the same time
in the extruder, melting together and extruding to
compound the polymer and nanotubes, gives better
dissipative properties through improved dispersion of
the nanotubes. Thiscan be better than adding SWNTs or
other nanotubes to a melted polymer and then
compounding. This is shown for example by side
stuffing as illustrated in FIG. 1IB which can results
in clumps of SWNTs in the polymer rather than a
dispersion. The inventors have discovered that once
the SWNTs have been dispersed in the polymer, repeated
extrusion (see for example FIG. 1IA) does not improve
the dispersion or dissipative properties of the
composition or articles made from them, in some
embodiments repeated extrusion decreases the storage
modulus to a plateau or steady state value as shown in
FIG. 20b. In embodiments of the invention, SWNTs are
mechanically dispersed with a thermoplastic; 



the thermoplastic can be in the form of a powder,
pellet, film, fiber, or other form, to form an
extruded composite. Dispersion can occur using a twin
screw extruder that includes kneading, shearing, and
mixing sections. For example about 220 to about 320
newton-meters of torque can be the energy supplied to
the screws which can have a length of about 95 cm and
an L/D of about 38 to about 42; other values for these
parameters can be used provided they result in the
polymer composites of the present invention with a
storage modulus that does not increase with further
extrusion compounding. The extruder can have one or
more temperature zones. The first temperature zone can
be a temperature that results in melting of the
polymer and dispersion of the nanotubes such as SWNTs
in the polymer. Additional heating zones can be
located downstream from the initial zone.
Alternatively a temperature gradient can be formed
along the extruder. The amount of energy and sections
of the screw can be chosen to provide a dispersion of
nanotubes and form a composition whose storage modulus
does not increase with repeated extrusion of the
material and whose value indicates that the nanotubes
are dispersed. The essentially constant or
non-increasing value of G' with further compounding as
shown in FIG. 2 1 indicates that the polymer matrix is
not degraded by the energy input to disperse and or
distribute the nanotubes into the polymer matrix.
Extrusion compounding of the nanotube with the
continuous phase thermoplastic or polymer matrix in
the melt overcomes attractive force between the ropes,
tubes, or aggregates of nanotubes and disperses or
distributes them in the matrix. The method can further
include the act of molding the extrusion compounded
composition of polymer and nanotubes to form various
articles. The articles can be solid, tape, tube,
membrane, or other shaped form determined by the mold
or die. The molded article can be flame resistant,
electrically dissipative, electrically insulating, or
any combination of these. Molding acts with the
extrusion compounded compositions can include but are
not limited to blow molding, rotational molding,
compression molding, injection molding, extrusion, or
other molding methods.Molding Shear flow (sec 1) can
be used to modify or control the orientation of
nanotubes in molded articles. Orienting flow can occur
in low shear flow molding conditions and can be used
to improve the cooperative interaction of the
nanotubes in the molded article. The cooperative
interaction include electrically dissipating or
insulating properties of the polymer composite but may
also include magnetic or optical properties of the
nanotube. Orienting flows can be used to align
conductive nanotubes during molding of an extrusion
compounded composition to modify or reduce the
electrical percolation threshold in a molded article.
Low shear flow can be used to prepare electrically
dissipative samples (conductive samples) from
extrusion compounded polymer and SWNT resins while
higher shear flow molding conditions for the same
resin can be used to reduce electrical conductivity of
the samples for a given nanotube or SWNT loading. Low
shear flow can be characterized by compression or
transfer molding processes. Compression molding of
extrusion compounded compositions with conductive
nanotubes in embodiments of the present invention
provide conductive articles at low nanotube loadings
(7% wt or less), low flow and low shear. Compression
or transfer molding produces material at shear flow
rates of from about 500 sec 1 to about 3000 (sec 1).
In some embodiments of the present invention low shear
flow can be less than about 1300 sec . Variable shear
flow can be achieved by extrusion molding. The
variable shear flow rate can be further modified by
the take up rate of a real (for tape, fiber, hollow
tube, or other material). The extrusion molding shear
flow rate can be used to modify the cooperative
interaction of dispersed nanotubes in the polymer.
Extrusion molding can be used for making high volume
products and films or tapes. Extrusion shear flow
rates can range from about 500 sec 



' to about 11,000 (sec 1). In some embodiments of the
invention the extrusion shear flow rate can be less
than about 1,000 (sec 1). For extrusion compounded
polymer and SWNTs in embodiments of the invention,
extrusion can be used to prepare an electrically
dissipative material (see FIG. 3, FIG. 12, and Table
1). High shear flow can be characterized by injection
molding. Injection molding can be used for making high
volume products from compositions of the present
invention. Injection molding can be used to create
fine features in an article. . Injection molding shear
flow rates typically range from about 8000 sec 1 to
about 15000 (sec" 1) Injection molding nanotube and
polymer compositions can be used to reduce the
interaction between dispersed nanotubes in the molded
articles compared to a compression molded article from
the same composition. For example, where the nanotubes
are electrically conductive like SWNTs, injection
molding an extrusion compounded polymer and SWNT
composition of thepresent invention results in an
article with higher electrical resistivity compared to
a similar article made by compression molding. The
higher electrical resistivity is the result of the
high flow and high shear rate of injection molding
compared to compression molding. Highly resistive and
or insulating articles made by injection molding of
compositions of the present invention can be
subsequently heated and become more electrically
dissipative or less resistive. In some embodiment of
the molding process, the injection molding may be
modified to reduce shear flow and produce articles
with improved cooperation between dispersed nanotubes
in the molded article. For example the polymer and
nanotube extrusion compounded composition can be
injected into a open mold or a partially open mold to
reduce shear flow and then perform a subsequent
compression molding operation (this process can be
referred to as coining) to form the article. For
extrusion compounded polymer and SWNT composites,
coining can lower electrical resistivity of molded
articles compared to injection molding. In some
embodiment of this coining process, shear flow
conditions can be less than about 3,000 (sec 1).
Alternatively a counter flow or pressure of heated gas
can be introduced into a heated injection mold and can
be used to reduce the shear flow of the polymer
nanotube dispersion. While injection molding at high
nanotube loading levels (5-7%) can produce
electrically dissipative materials, the higher weight
fraction of nanotubes may make these materials more
expensive. In some embodiments, the method can further
include the act of modifying the electrical
resistivity of the article by thermal relaxation
treatment or by heating with extensional flow or
stretching of the material. For example the composite
composition may be stretched by but not limited to IX,
2X or other non-integral values of its original
dimension in the stretching direction. Relaxation
treatment of high shear flow molded articles can
include the acts of heating the article . to a
temperature that permits movement of the nanotubes
dispersed in the polymer of the article. This
temperature can be at or near the glass transition
temperature, at or near the melting temperature, or
any combination of these for polymers with amorphous
and crystalline regions. The temperature and time for
heating is sufficient to induce movement and
relaxation of the chains to form an electrically
dissipative material. Temperatures near the melting
point or glass transition temperature or above can be
used to hasten the relaxation process. Temperatures
below the melting point or glass transition
temperature can be used to preserve molding features
and integrity. For example electrically insulating
samples of extrusion compounded PEEK and SWNTs that
were injection molded could be relaxation treated in a
temperature range of fromabout 340-360 0C for 3-6 min
to form electrically dissipative samples. Extensional
flow with optional heating can be used to increase the
resistivity of electrically dissipative molded
articles. Extrusion compounded polymer and nanotube
composites in embodiments of the present 



invention have a structure that can be characterized
by their rheological properties. The extrusion
compounding distributes the nanotubes in the polymer
and the composition has a storage modulus G' that is
substantially invariant or resists an increase with
further extrusion compounding of the composition. For
example, as illustrated schematically in FIG. 1IA, a
sample of extruded material 1138A was taken after 5th
10th, 15th and 20th cycles (depicted by 111OA as being
fed back into the extruder 1150A) and the resistivity
and shear modulus G' of the sample was measured. There
was essentially no increase in storage modulus on the
extruded sample. In other embodiments of the invention
essentially or substantially invariant resistivity and
or storage modulus G' includes changes of less than 40
%. In other embodiments the storage modulus decreases
to within a factor of 2 after 5 extrusion cycles, or
decreases to a steady state value within a factor of
about 5 or less of the original storage modulus.
Relaxation treatment of highly resistive or insulting
articles molded from a conductive nanotube dispersion
in a polymer under high shear flow process is shown by
the graph of FIG. 1. Sample (A) and sample (B) were
from the same molding process and resin. Sample (B)
storage modulus has a low slope at frequency below
about 1 rad/s when heated above the melting or glass
transition temperature of the sample. Sample (A)
storage modulus was determined at the same temperature
but after a relaxation time of a several minutes. The
sample (A) storage modulus showed an increase in the
value of G' which indicates an improved dispersion of
the nanotube in the sample after the relaxation
treatment. The Table of FIG. 2 illustrates that higher
loading levels of dispersed SWNTs in the polymer in
extrusion compounded compositions of the present
invention results in lowering the crystallinity of the
composites compared to the polymer; lowering the heat
of fusion compared to the polymer, raising the onset
of crystallization temperature, and lowering the heat
of crystallization. As illustrated for nanotubes
dispersed by extrusion compounding, the storage
modulus plot in FIG. 5 illustrates that G' is almost
independent of w (rads/sec) at low frequency as shown
by nanotube loadings of from 0.5% by wt. to about 5%
by wt. This contrasts to the approximate w2 dependence
for the polymer and without wishing to be bound by
theory, may indicate a transition from liquid like
behavior of the polymer to solid like viscoelastic
behavior due to the nanotubes dispersed in the
polymer. Further, this non-terminal behavior may be
the result of a nanotubenetwork in the polymer that
restrains the long-range motion of the polymer chains.
FIG. 14 illustrates this low frequency weakly
dependent behavior, z less than 1.7 or preferably less
than 1, for two compositions with 0.5wt. % and 2 wt. %
SWNTs in PEEK taken from the data of FIG. 5. Curve
fitting using Microsoft Excel of storage modulus and
frequency illustrates that the storage modulus for the
0.5wt. % and 2 wt. % SWNTs in PEEK is proportional to
frequency according to the relationship G'=K wz where
K is a proportionality constant (66.7 and 28630
respectively for the 0.5wt. % and 2 wt. % SWNTs in
PEEK), and w is the frequency for z (0.46 and 0.16
respectively) for frequency between 0.01 and 1
rad/sec. The regression fit R2 is better than 0.95, in
some embodiments better than 0.98, and in still other
embodiments better than 0.99. For PEEK, a curve fit
for the data in FIG. 5 provides K of 11.83, z of 1.79,
and R2 of 0.99 for frequencies between 0.1 and 10
rad/s. Similar curve fits could be made for the other
samples in FIG. 5. FIG. 6 illustrates the axial load
or squeeze flow behavior of compositions comprising
nanotubes extrusion compounded in a polymer where the
nanotubes were added to the polymer at two different
locations in the extruder schematically illustrated by
FIG. 1OA and 1IB. The samples each included 5 wt %
SWNTs as nanotubes combined with PEEK pellets using a
starve feed of dry materials. Sample NT4 was prepared
by simultaneous or contemporaneously dry 



compounding of the SWNT and PEEK as illustrated in
FIG. 1OA. Sample NTl was made with "side stuffing" or
addition of SWNTs at 1130B to premelted polymer (
1134B). The extrusion compounding to prepare the
composition NT4 provided a material with a 4x or
higher normal force (~800 g) in a squeeze flow test
compared to the side stuffed material at the same gap
(~lmm). It is reasonable to expect similar behavior
with other materials made by the methods and materials
disclosed herein. The difference in the force shows a
structural difference in the network of nanotubes
between the NTl and NT4 samples as shown by the
difference in gap force. As shown in FIG. 15b, the gap
force of a PEI/SWNT composition with 5wt% SWNTs is
about 1000 g or more for a gap of about 1.2 mm. As
shown in FIG. 17a, the gap force of a PEEK/SWNT
composition with 7wt% SWNTs is about 1000 g or more
for a gap of about 1.2 mm. Embodiments of the
invention include those compositions of SWNT and
polymer where the gap force is greater than about 500
g at a gap of 1.2 mm or less; in some embodiments the
amount of SWNTs by wt% in such compositions is about
5% or more. The gap force behavior of NT4 in FIG. 6
also illustrates the formation of a denser network of
dispersed nanotubes compared to NTl. Such a network of
nanotube can provide improved Theological properties,
improved electrical conductivity, improved magnetic
susceptibility, or improved fire retardant properties
(less material dripping and greater structural
rigidity) comparedto a material with a weaker network.
By varying the location where the nanotubes are
extrusion combined with the polymer, the density (as
measured by the axial force) of the nanotube network
can be modified. In some embodiments of the invention,
molding the composition comprising the nanotubes
dispersed in the polymer provides an article that is
flame retardant and can maintain its shape and
prevents dripping or sagging of composite or articles
comprising it when exposed to a flame. These composite
materials in embodiments of the invention are useful
for fire and flame retardant structural engineering
plastics because they resist changes in shape and
dripping of the molten plastic and provide an increase
in melt strength (4x or more) as illustrated by the
squeeze flow results of FIG. 6. Further, and without
wishing to be bound by theory, the solid like
behavior, for example the plateau in G' at low
frequency (below about 1 rad/sec), indicates that the
composites would resist dripping of the composite when
exposed to a flame. The increase in melt strength
translates directly in to prevention of the dripping
during the burning process. In comparison, similarly
prepared and tested PEEK or PEEK with carbon fibers
showed the normal force decay to about zero- the
sample squeezed out from test pads, under similar
heating conditions and applied axial force
illustrating loss of strength and no reduction in
dripping. The extrusion compounding of nanotubes such
as but not limited to SWNTs with a flame retardant
polymer can be molded into a variety of articles that
would benefit from improve flame retardancy or show
improved structural properties at high temperature.
Such articles can include wafer carrier, fluid tubing,
wafer shippers, containers for chemicals, heat
exchanger tubing, plastics used for computers and
monitors, automotive applications. The SWNTs in
embodiments of the fre-retardant nanotube-polymer
composite of the invention increases the melt strength
of the polymer composite compared to the polymer
thereby reducing the tendency of the composite, when
heated to close to melting, to drip or sag. The
nanotubes can be added in an amount effective to
increase the melt strength as measured in a squeeze
flow test or reduce drip. The nanotubes can be added
in an amount for example in the range of from about
0.20 weight % or higher; in some embodiments about 0.5
wt% or higher; in some embodiments about 1wt% or
higher; in some embodiments about 3 wt% or higher; in
some embodiments about 5 wt% or higher; in some
embodiments from about 3 wt% to about 10% 



by weight; in some embodiment from about 0.5 to about
7% by weight; and in still other embodiments of from
about 0.2 to about 10% by weight. Lower amounts of the
SWNTs reduce the costs of these materials.Polymers
that can be used to form flame retardant and fire
resistant materials, which can optionally be
electrically dissipative, can include PEEK, Poly imide
(Aurum), PEI (Ultem) and mixture of these with PEEK
since they are miscible with PEEK. In some embodiments
the thermoplastic may comprise a branched
polyphosphonate that is self-extinguishing in that
they immediately stop burning when removed from a
flame. Any drops produced by melting these branched
polyphosphonates in a flame instantly stops burning
and do not propagate fire to any surrounding
materials. Moreover, these branched polyphosphonates
do not evolve any noticeable smoke when a flame is
applied. Accordingly, these branched polyphosphonates
can be used as additives in commodity or engineering
plastics to significantly improve fire resistance
without severely degrading their other properties,
such as toughness or processing characteristics. The
thermoplastic may independently include polycarbonate,
polyphosphonate, and other polyesters useful for flame
retardant materials. These plastics may include but
are not limited to those disclosed in U.S. Patent No.
6,861,499; U.S. Patent No. 5,216,1 13; U.S. Patent No.
4,350,793; and U.S. Patent No. 4,33 1,614. The
limiting oxygen index (LOI) of a material is
indicative of its ability to burn once ignited. The
test for LOI is performed according to a procedure set
forth by the American Society for Test Methods (ASTM).
The test, ASTM D2863, provides quantitative
information about a material's ability to burn or
"ease of burn". If a polymeric material has an LOI of
at least 27, it will, generally, burn only under very
high applied heat. It is expected that embodiments of
the present invention can include molded articles
having extrusion compounded nanotubes in a continuous
phase of a polymer that have an LOI of at least 27 and
an axial force in a squeeze flow test that is greater
than the polymer without the nanotubes. In some
embodiments the nanotubes are SWNTs, preferably from
about 3% to about 10% by weight of the composite.
Optionally conventional additives which include, for
example, thickening agents, pigments, dyes,
stabilizers, impact modifiers, plasticizers, or
antioxidants and the like can be added to the
compositions of the present invention.Table 1.
Resistivity of molded extrusion compounded nanotube
polymer compositions. EXAMPLE 1 Single walled
nanotubes (SWNTs) from supplier CNI were used without
sonication, (separate sonication, inline sonication
were used in other samples but were not necessary).
The SWNTs exist mainly as ropes that were in the range
of about 20 nm in diameter and lengths between about
0.05 and 5 microns. Their density was about 1.7-1 .8
g/cm3. These SWNTs were used as received. Feed rates
of SWNTs were shear mixed with a thermoplastic PEEK,
see Table 3 for amounts that were used, at about 340
0C in a co-rotating, intermeshing twin screw extruder
(length 95 cm, L/D 38 - 42) to obtain concentrations
of 0.5, 1, 2, and 5 wt % of the SWNTs in PEEK.
Compounding was carried out using a three zone heating
with barrel temperatures of 340 0C, 360 0C, and 370
0C. Torque from about 220 to about 320 newton-meters
was applied to the twin screw. The polymer and SWNTs
were mixed by the screw of the extruder. No additives
or dispersing agents were used. Bulk density of
composites were about 1.33 g/cm3. Samples were made
with PEEK, PEI, PI, and mixtures of these which
resulted in well dispersed SWNTs in the polymer as
determined by the nearly independent frequency
dependence of the storage modulus as shown for the
SWNTs in PEEK in FIG. 5. Extruded samples were
prepared using an orifice 3 mm, a feed rate 5 - 7
kg/hr. The electrical dissipative properties of the
extruded samples could be modified by changing the
take-up rate. This was illustrated by hand 



drawing a portion of an extruded sample (see for
example FIG. 3) to simulate higher shear conditions
and form less electrically dissipative samples.
Relaxation treatment of high shear electrically
insulating samples (injection molded) were carried out
at 340-360 0C for 3-6 min to form electrically
dissipative samples. The storagemodulus of samples
with relaxation treatment (A) and without relaxation
treatment (B) are shown in FIG. 7. The resistivity of
the injection molded, compression molded, extruded,
and relaxation treated injection molded samples for
various amounts of nanotubes extrusion compounded the
polymer were determined on solid samples using a
VOYAGER surface resistivity meter. These results are
summarized in Table 1 Dynamic rheological measurements
of injection molded, compression molded, extruded, and
relaxation treated injection molded samples were
determined on cut samples. The measurements were
carried out in an oscillatory shear mode using a
parallel plate geometry 25 mm diameter at 380 0C under
a nitrogen atmosphere. Frequency sweeps between 0.1
and 100 rad/sec were carried out. EXAMPLE 2 Single
walled nanotubes (SWNTs) from supplier CNI (Carbon
Nanotechnologies Inc, Houston TX) were used without
sonication. The resistivity of an extruded sample
prepared as in Example 1 was measured and was 10 to
about 106 ohm/sq. The extruded sample output was fed
back into the extruder for 5, 10, 15, 20 additional
extrusion cycles as illustrated in FIG. 1IA. A sample
of extruded material was taken after 5th 10th, 15th
and 20th cycles and the resistivity and G' of the
sample measured. There was essentially no increase in
the measured storage modulus illustrating that the
dispersion of the SWNTs in the polymer was stable and
essentially invariant and that the properties did not
change over time within the variation of the
processing conditions. This result illustrates that
the extrusion compounded composition is insensitive to
shear history. The properties of a molded article of
this extrusion compounded nanotube and polymer
composition could be modified by the shear flows used
in the molding process and by subsequent thermal
treatment. Thus articles produced by the different
processes had different resistivity (FIG. 12 and Table
1), with low shear flow processes producing molded
article with generally lower resistivity for the same
amount of nanotube. An insulating article could be
made from this composition in a high shear flow
process. The graph of FIG. 7 shows that the SWNT
storage modulus and nanotube dispersion of this
insulating material could be modified by heat
treatment.EXAMPLE 3 Single walled nanotubes (SWNTs)
from supplier CNI (Carbon Nanotechnologies Inc,
Houston TX) were used without sonication and combined
with PEEK thermoplastic as in Example 1by injection
molding. The extractables of the composite were
determined by ICP-MS on acid digested samples as shown
in the Table 2 below. The extractables can be
determined via Microwave Digestion and filtration. For
example, weigh 1.0 gram polymer and SWNT composite
sample pellets and place pellets in 125 - ml PFA
sample digestion vessel. Add 10 ml 16.0 N HNO3, cap
and seal vessel(s). Place vessel(s) in insulated
sleeves and into sample vessel carousel. Place in
microwave digestion oven which can be heated according
to the Oven profile: (Stage 1) Heat at 50% power to 20
p.s.i. and hold 10 minutes. (Stage 2) Heat at 50%
power to 50 p.s.i and hold 10 minutes. (Stage 3) Heat
at 50% power to 90 p.s.i. and hold 10 minutes. (Stage
4) Heat at 50% power to 100 p.s.i. and hold 10
minutes. (Stage 5) Heat at 50% power to 110 p.s.i. and
hold 10 minutes. Remove from microwave digestion oven
and allow vessels to cool to room temperature in
laboratory fume hood. 



The liquid can be analyzed by ICPMS, GFAA or other
suitable method. Where necessary, the liquid from the
acid digestion may be filtered prior to
analysis.EXAMPLE 4 Single walled nanotubes (SWNTs)
from supplier CNI (Carbon Nanotechnologies Inc,
Houston TX) were used without sonication and combined
with PEEK thermoplastic as in Example 1. Squeeze flow
or Gap testing was performed on a melt of the sample
using an Advance Rheometric Expansion System (ARES)
Rheometer at 380 C in a nitrogen atmosphere. FIG. 6
illustrates force gap test results on a melt of the
samples heated to 380 0C. FIG. 6 illustrates the
squeeze flow rheometry for SWNT dispersion on the
properties of the materials prepared. NT4 is prepared
by the dry melt method, NTl is side stuff method. FIG.
6 illustrates the behavior of NTl and NT4 under
constant normal force and an initial gap of about 4mm.
A sample of the material was placed between the plates
and heated above the melting or glass transition
temperature, forexample to 3800C. The initial behavior
(to about 75 sec) may be due to the sample filling the
void between the plates, the void between the plates
is essentially filled by about 150 sec. In order to
maintain a constant normal force of about 100 [g] on
the NTl sample until the target test gap of 1 mm is
reached, the vertical speed decreases exponentially up
to about 500 seconds. To achieve a similar exponential
decay for the NT 4 sample to a target gap of 1 mm, the
constant normal force is about 400 to about 650 [g] .
The nearly 4X increase in the constant normal force is
a measure of the greater SWNT network density in NT4
compared to NTl . The two methods yield different
materials with different nanotube network structure as
evidenced by their squeeze flow and low shear flow
process properties; NT4 forms high melt strength
material, NTl forms lower melt strength material. This
example illustrates that the melt strength of articles
molded from extrusion compounded nanotube polymer
composites can be modified by the position where the
nanotubes and polymer are compounded with the polymer
in the extruder. While the samples have different
axial force, both samples show an essentially constant
normal force with reduction in the gap over time. This
illustrates the formation of a network of the SWNTs
with the polymer; the network of NT4 is more dense
than NTl . By retaining their structure, these
materials are useful for fire and flame retardant
structural engineering plastics that resist changes in
shape and dripping of the molten plastic. In
comparison, similarly prepared and tested PEEK or PEEK
with carbon fibers showed the normal force decay in a
squeeze flow test to about zero [Og] force , i.e., the
sample squeezed out from test pads, under similar
heating conditions illustrating loss of strength and
no reduction in dripping. EXAMPLE 5 This example
illustrates the structure and properties of a melt
dispersion of SWNTs in a polymer can be affected by
high shear flow processing. The frequency response of
the storage modulus (G') for 2 wt % SWNTs in PEEK were
determined in FIG. 7 at 380 0C. An injection molded
sample that was initially insulating was cut into two
pieces. (B) the sample was rotated with heating for 3
minutes and then a frequency sweep of the material was
made. (A) the sample was rotates for 3 minutes with
heating, allowed to relax with continued heating for 5
minutes, and then a frequency sweep of the material
was made. The results have shown that both samples
have low frequency G' nearly independent behavior
which suggests, and without wishing to be bound by
theory, that large scale polymer relaxations are
restrained by the nanotubes which form a network.
Sample (A) has a higher G' atlow frequencies than (B)
after the treatments suggesting that heating and
relaxation results in better nanotube dispersion for
high shear flow molded samples. The resistivity of
sample (B) was initially >1012 ohm/sq, while after
heat treatment and relaxation 



is was about 104 ohm/sq. EXAMPLE 6 This example
illustrates a continuous process for making composite
materials of the present invention with different
continuous phase (poly ether ether ketone), (poly
ether imide), and (poly imide) based on a total 5
kg/hr feed rate of material to the twin screw
extruder. Table 3EXAMPLE 7 This example illustrates
preparation and characterization of various polyether
imide polymer combined with single walled carbon
nanotube in an extruder by the methods and equipment
of Example 1. Single walled carbon nanotubes, CNI,
Houston, TX type (Bucky ESD34) were used, the
molecular weight of the PEI polymer ranged from 15,000
to 60,000 g/mole. FIG. 15a details rheological
measurements, the shear dependent viscosity and
storage modulus, as a function of frequency [rad/s]
for polyether imide (PEI)/SWNT composites dispersed
with 0.5 wt %, 1 wt%, and 2 wt% SWNTs in embodiments
of the invention. The storage modulus curves for the
(PEI)/SWNT composites for the 0.5 wt%, 1 wt%, and 2
wt% SWNTs are given by the curves 1510, 1520, and 1530
respectively; the viscosity curves for the (PEI)/SWNT
composites for the 0.5 wt %, 1 wt%, and 2 wt% SWNTs
are given by the curves 1540, 1550, and 1560
respectively. A curve fit of the data for frequency
between 0.1 rad/sec and 1 rad/sec for 1510 to the
function G'=K wz gives K =1219.6 and z = 0.29 with R2
= 0.99; a curve fit of the data for 1520 to the
function G'=K wz gives K =1666.1 and z = 0.25 with R2
= 0.99; a curve fit of the data for 1530 to the
function G'=Kwz gives K =16396 and z = 0.19 with R2 =
0.96. At low frequency of 0.1 rad/s the storage
modulus for 1510 is about 640 [dynes/cm2]; the storage
modulus for 1520 is about 963 [dynes/cm2]; the storage
modulus for 1530 is about 11,000 [dynes/cm2]. The
storage modulus curve of the PEI polymer alone, not
shown, has a G' at 0.1 rad/sec of about 12; a plot of
G' vs frequency for the polymer 0.1 to 100 rad/sec is
characteristic of a polymer having a bimodal
distribution of molecular weights. The results show
that utilizing the methods and materials of the
invention that for 0.5% SWNTs or more dispersed into a
polymer, the G' value at 0.1 rad/sec is about 50 times
greater, or more, than G' for the polymer alone; for
1% SWNTs or more dispersed into the polymer, the G'
value at 0.1 rad/sec is about 70 times greater, or
more, than G' for the polymer alone; for 2% SWNTs or
more dispersed into the polymer, the G' value at 0.1
rad/sec is about 800 times greater, or more, than G'
for the polymer alone. The composites can be
characterized as having z of about 0.35 or less for
the function G'=Kcoz. The composite samples 1530 and
1520 had a surface resistivities in the range of 10s
to 109 ohm/sq; the sample 1530 had a surface
resistivity greater than aboutlO9 ohm/sq. FIG. 15b is
a plot of force gap tests for (PEI)/SWNT composites
for 0.5 wt % (1580), 1 wt% (1582), 2 wt% (1584), and 5
wt% (1586) SWNTs. The results show that for 0.5wt%
(1580) and 1 wt% ( 1582) that the normal force is
greater than 20-30 g for a gap of 1.2 mm or less, for
2 wt% (1584) the normal force is greater than about
100 g for a gap of 1.2mm or less, and for 5 wt%SWNTs
(1586) the normal force is greater than about 1000 g
for a gap of 1.2 mm or less. The gap for each of the
samples forms the superimposed points in the trace
1572-1578. The high normal force for these materials
is important for flame retardant materials. EXAMPLE 8
This example illustrates preparation and
characterization of various polyether imide and PEEK
blends of polymer with single walled carbon nanotube
composites. Single walled carbon nanotubes, CNI,
Houston, TX type (Bucky ESD34) were used in the method
of Example 1 to prepare samples of composite
materials. 



FIG. 16a shows the normal force [g] as a function of
time in a force gap or squeeze flow measurement on a
non-solid sample of 2.5wt% SWNT in a polymer blend of
20 wt% PEI and 77.5 wt% PEEK; the normal force 1610
and gap 1620 are plotted as a function of time. In
this embodiment the normal force is greater than about
150 g at a gap of less than 1.2 mm and preferably
about 1 mm. FIG. 16b is a plot of storage modulus 1630
and viscosity 1640 as a function of Freq[rad/s] on a
non-solid sample of 2.5wt% SWNT in a polymer blend of
20 wt% PEI and 77.5 wt% PEEK, a curve fit of this data
for frequency between 0.1 rad/s and 1 rad/sec to a
function G'=K wz gives K = 22257 and z = 0.26 with R2
0.99 . At low frequency of 0.1 rad/s the storage
modulus is about 12,000 [dynes/cm2]. Compared to the
storage modulus for PEEK in FIG. 5 or the storage
modulus for PEI in Example 7 at 0.1 rad/s, in this
blend the increase in G' can for the composite with
2.5% or more SWNTs can range from about 1,000 or more
to about 50,000 or more based on the neat polymers
alone. The results show that the composition is a
polymer that is a continuous phase with an amount of
single walled carbon nanotubes dispersed therein. The
polymer is a blend of one or more polymers. The
composition can be characterized as having a storage
modulus proportional to frequency by the relationship
G'=Kwz where the value of z is less than 0.35 and it
has a high storage modulus of greater than 10,000
[dynes/cm2] for a loading of 2.5wt% or more of SWNTs.
Consistent with the PEI/SWNT composition having 2%
SWNTs, the normal force in a gap test for 2.5% SWNTs
in the polymer blend was about 150 g illustrating that
other compositions may be useful for fire retardant
materials.EXAMPLE 9 This example illustrates
preparation and characterization of a composite of
PEEK and 7 wt% single walled carbon nanotube
composites. Single walled carbon nanotubes, CNI,
Houston, TX type (Bucky ESD34) were used in the method
of Example 1 to prepare samples of composite
materials. FIG. 17a illustrate gap for test results
and FIG. 17b show the storage modulus as a function of
frequencey for 7% SWNTs in PEEK. In FIG. 17a the
normal force 1710 and gap 1720 are plotted as a
function of time. In this embodiment the normal force
is greater than about 1500 g at a gap of less than 1.2
mm. FIG. 17b is a plot of storage modulus 1730 and
viscosity 1740 as a function of Freq[rad/s] on a
non-solid sample of 7wt% SWNT in PEEK, a curve fit of
this data to a function G'=Kcoz gives K = 42323 and z
= 0.12 with R2 of 0.99 . The surface resistivity of
this material as measured by the methods described
herein was less than 104 ohm/sq. At low frequency of
0.1 rad/sec, G' is about 33,000 [dynes/cm2]. The
results show that electrically dissipative composite
materials of SWNTs dispersed in a polymer can be made
that have a high normal force, greater than about 500
g, and in this case greater than 1500 g. The
dispersion of the SWNTs can be characterized by the
high G1 of greater than about 10,000 [dynes/cm2] at
0.1 rad/s and a low slope of z less than 0.2. EXAMPLE
10 This example illustrates dielectric spectroscopy
(DES) of composites of the present invention. The
measurements were made on substantially washer shaped
samples having a 2 mm ring width and overall
thickness, RMSV of 100 volts, f of 1 KHz, and 1
rad/sec. Measurements were made on 0.5wt% dispersed
SWNTs in PEEK according to the method of Example 1.
Parallel-plate rheometry and dielectric spectroscopy
can be combined, each of the parallel plates for the
rheometer being used as an electrode in the dielectric
spectroscopic setup. Percent strain and permitivity
[pF/m] from a parallel-plate rheometer may be used to
measure how the permitvity changes with changes in
strain at a given temperature of a non-solid form of
the 



composite material. The material can be placed on the
rheometer parallel plates in a doughnut or washer
shape with an open center and edge portions about 2mm
wide; the sample between the parallel plates can be
about 2 mm thick. The temperature of the composite can
be kept stable or ramped, time sweeps can be
performed. The root mean square voltage (RMSV) was 100
volts, electrical frequency was 1 kHz, and strain
about 1 rad/sec. For single point step strain
measurements the rheometer plates undergo a single
rotation.FIG. 18 shows plots of strain and
permittivity as a function of time for 0.5wt% SWNTs in
PEEK with pre-shear of 1/sec for various compositions.
The graphs illustrate that the permittivity in
embodiments of the invention can be increased with
pre-shear, for example 1810 and 1820 and further
increased at higher temperatures 1820 (380 0C)
compared to 1810 at (360 C). Scans 1830 (360 0C, no
pre-shear), 1840 (380 0C, no pre-shear), and air 1850
are also shown. The permittivity of air is shown 1850.
FIG. 19 a illustrates DES step strain measurement on a
sample of 0.5%wt SWNT dispersed in PEEK by the methods
of the present invention (Example 1). FIG. 19b
illustrates DES single point step strain for SWNT
loadings of 0.5%, 1%, and 2% by weight. FIG. 19a shows
plots of strain and permittivity as a function of time
at 380C for 0.5wt% SWNTs in PEEK. Strain steps 1910
were 20, 40, 60, 80, 100, 150, 200%, and 1% and the
measured permittivity 1920 as a function of time at
360 0C and the measured permittivity 1930 as a
function of time at 380 0C were plotted. Embodiments
of the invention show a decrease in permittivity with
increasing strain and increase in permittivity with
increasing temperature. FIG. 19b shows DES
measurements of the permittivity as a function of time
for single point strain data for 20% (si), 60% (s2),
100% (s3), and 200% (s4). The permittivity for 2%
SWNTs (a-d) , 1% SWNTs (e-h), and 0.5% SWNTs (j-m) are
given; air permittivity (i) is also shown. The
permittivity of the sample decreases when the strain
is increased at the point and then recovers when the
strain is released. The recovery is substantially the
starting permittivity value, especially for higher
amounts of SWNTs such as 2wt% or greater. These
results illustrate that the resistivity of the
material can be modified by changes in processing
conditions such as shear flow conditions and
temperature. The results also show that the
resistivity can be manipulated by heat treatment.
EXAMPLE 11 This example illustrates the Shear Modulus
of a composite material of 2wt% SWNTs dispersed in
PEEK subject to multiple shear cycles. This material
was made by the method of Example 1. The material was
subject to a residence time of about 1.8 min/cycle and
the storage modulus was measured after 1, 5, 10, 15,
and 20 cycles at 3800C- FIG. 20a is an overlay plot of
G' at 380 0C for the SWNT 2wt% in PEEK composition
with different shear histories, passes or cycles
through the extruder with 1.8 minute residence time in
the extruder: 1 cycle (2010), 5 cycles (2020), 10
cycles (2030), 15 cycles (2040), and 20 cycles (2050).
Between 1 and 5 extrusion cycles the storage modulus
does not increase which would be expected for further
SWNT dispersion. Rather the storage modulus decreases
from about 35,000[dyne/cm2] to about 22,000 [dyne/cm2]
after the fifth cycle. The decrease is less than a
factor of 2. Continued extrusion cycles further reduce
the value of G' and after about 15 cycles G' reaches a
steady state value of about 15,000 [dyne/cm2]; this is
about a 3x decrease, and less than a 5x decrease from
the initial storage modulus value. FIG. 20b shows this
trend for the storage modulus and illustrates the SWNT
contribution to the plateau modulus as a function of
the number of shear histories or residence time from
FIG. 20a.. The relative modulus G'r was determined
from data at 0.1 rad/s by the equation G'r =
[(composition G'/PEEK G')-l]. FIG. 21 illustrates the
change in storage modulus for PEEK only with different
shear 



histories, passes or cycles through the extruder with
1.8 min residence time in the extruder for 1 cycle
(2110), 5 cycles (2120), 10 cycles (2130), 15 cycles
(2140), and 20 cycles (2150). The PEEK shear modulus
appears to increase slightly with continued extrusion.
FIG. 20a illustrates that for compositions of the
invention that the G' is invariant to further increase
in G' with continued extrusion processing because
there was no improvement in the dispersion as measured
by G' with more extrusion time. Without wishing to be
bound by theory, the results suggests that the
reduction G1may be due to deterioration of the
dispersion whereby the SWNTs are undergoing
aggregation. The initially extruded composite material
has the maxium dispersion as measured by the storage
modulus and then after further induction of stress,
the dispersion declines. EXAMPLE 12 This example
illustrates the dispersion of the single walled carbon
nanotubes in the polymer by the method of Example 1
can result in uniform resistance in samples or
articles made, and in some cases made in a low shear
process, from the composition. The samples contained 5
wt % SWNTs dispersed in PEEK. Agilent 34401 Multimeter
and Pro-Stat PRS-801 Resistance System Two-Point Probe
were used. The resistance was measured to 2
significant figures at 9 positions. Multiple samples
tested and each sample was tested multiple times. The
uniformity of the surface resistivity of . composite
materials in embodiments of the invention and articles
made therefrom can be determined using the standard
ANSI/ESD STMl 1.13 the contents of which are
incorporated herein by reference in their entirety.
FIG. 22 (a) illustrates test points (1-9) on discs
2204 and a rectangular plaque 2208 used to measure the
resistance. FIG. 22(b) illustrates resistance of disc
(circles) and rectangular plaques (triangles) molded
from 5 wt% SWNTs in PEEK. The error bars represent  1
standard deviation based on 3 measurements. For both
the disc and plaque, the resistance measurement
results show thatvariation in resistance can be a
factor of 100 or less and in some embodiments the
variation in resistance can be a factor of 10 or less
within a sample or for multiple samples. FIG. 22(c)
illustrates resistance test results for 5 wt% SWNTs in
PEEK for molded discs 2204 of 5 wt% SWNTs in PEEK.
Small error bars represent +/- 3 standard deviations
of 15 measurements (5 samples x 3 measurements/sample
using PRS-801). Large error bars (wide) represent
measurement reproducibility (+/- 3 standard
deviations) based on replicate measurements on one
sample (9 positions x 10 measurements/position using
PRS-801). The results show that variation in
resistance can be a factor of 100 or less and in some
embodiments the variation in resistance can be a
factor of 10 or less within a sample or for multiple
samples made with compositions in embodiments of the
present invention. The results show that the articles
have a surface resistivity uniformity within a factor
of 100 and in some cases within a factor of 10 for two
or more resistance measurement test points on the test
article. This illustrates the improved distribution of
the single walled carbon nanotubes in the polymer in
such compositions and is supported by the high storage
modulus compared to the base polymer and low storage
modulus slope z, in some embodiments z is less than
about 0.5, in other embodiments z is less than 0.35,
and in still others z is less than 0.2 for these
materials. . Embodiments of the present invention
provide materials having substantially uniform surface
resistivity across a sample, in some embodiments the
substantial uniform surface resistivity of any point
on the surface of a sample of the composite of single
walled nanotube dispersed in the polymer. This is
advantageous in electrostatic discharge applications
of the composites in articles such as chip trays,
reticle and wafer carriers, shippers, test sockets and
the like. 



EXAMPLE 13 Thermal diffusivity of the sample in
Example 12 was measured using ASTM Method E1461-01.
Representative material: 1.95*10~7 mVs, the unfilled
material: 0.95*10 7 m2/s.k =apC p blend _ a
blendPblend p ,blend kpEEK a PEEKP PEEK^p, PEEK kblend
PEEK Thermal conductivity was determined to be at
least 2x neat PEEK. The higher thermal diffusivity
improves thermal management. ' EXAMPLE 14 This example
illustrates a composite material of the present
invention that used single walled carbon nanotubes,
CNI, Houston, TX type (Bucky ESD34) in the method of
Example 1 to prepare samples of composite materials.
Test methods are incorporated herein by reference in
their entirety. The sample had a specific gravity of
1.33 g/cm3 measured using ASTM test method D 792. The
Izod impact strength (notched) measured utilizing ASTM
test method D256 was found to be 43 J/m. Surface
resistivity was <10 4 ohms/sq as measured by test
method FGTM-1207; surface resistance was measured to
be 10s ohms by test method ESD Sl 1.11 and the static
decay of the sample was 0.22 sec as determined by test
method FGTM-1208. Aqueous leachable anions from the
sample were determined to be about 510 ng/g by the
method of FGTM-1 344; aqueous leachable cations from
the sample were determined to be about 59 ng/g by the
method of FGTM-1344. Acid leachable metals from the
sample were determined to be about 510 ng/g.
Outgassing organics were determined to be less than
0.010 micrograms/g by test method FGTM-1350 (see also
U.S. Pat. Appln. Publication No.: 2030066780, Zabka et
al, filed October 4, 2001 the contents of which are
incorporated herein by reference in their entirety).
Although the present invention has been described in
considerable detail with reference to certain
preferred embodiments thereof, other versions are
possible. Therefore the spirit and scope of the
appended claims should not be limited to the
description and the preferred versions contain within
this specification.CLAIMS What is claimed is: Claim 1.
A composition comprising: a polymer melt and an amount
of single walled carbon nanotubes extrusion compounded
together in the composition, the amount of said
nanotubes dispersed in the polymer, said composition
has a storage modulus G' that is substantially
invariant with further extrusion compounding of the
composition. Claim 2. The composition of claim 1
wherein said polymer is a high temperature, high
strength thermoplastic polymer. Claim 3. The
composition of claim 1 wherein a storage modulus at
low frequency of the composition is at least about 90
times a storage modulus at low frequency of the
polymer when the amount of single walled nanotubes
distributed in the composition is 0.5% wt. Claim 4.
The composition of claim 1wherein an increase in
molding shear flow rate or strain of the composition
increases the electrical resistivity of an article
molded by said composition. 



Claim 5. An article comprising a molded composition of
claim 1 wherein said molded composition is
electrically dissipative. Claim 6. An article
comprising a molded composition of claim 1 wherein
said molded composition is flame retardant. Claim 7.
The composition of claim 1 wherein the polymer melt
comprises PEEK, PI, or PEI Claim 8. The composition of
claim 1 wherein the polymer melt comprises PEEK or
PEI. Claim 9. An article comprising a molded
composition of claim 1 wherein said molded composition
is electrically insulating and wherein said molded
composition becomes electrically dissipative with
heating. Claim 10. The composition of claim 1wherein
the amount of single walled carbon nanotubes is less
than 10% by weight.Claim 11. The composition of claim
1 wherein the amount of single walled carbon nanotubes
is 7% by weight or less. Claim 12. The composition of
claim 1 wherein an axial force measured in a squeeze
flow test of said composition is greater than an axial
force measured on a second extrusion compounded
polymer composition comprising the nanotubes
distributed into an extruded melt of the polymer, said
nanotubes added into to the extruded melt of the
polymer at a location equal to or greater than half
the length of an extruder used to make the composition
of claim 1 and the second composition. Claim 13. A
composition comprising: a polymer melt and an amount
of single walled carbon nanotubes extrusion compounded
together in the composition, the amount of said
nanotubes distributed and or dispersed in the polymer
melt forms an electrically dissipative solid in a low
shear flow molding process, the electrical resistivity
of an article molded from said composition increases
with increasing molding shear flow rate. Claim 14. The
composition of claim 13 wherein said polymer is a high
temperature, high strength thermoplastic polymer.
Claim 15. The composition of claim 13 wherein a
storage modulus at low frequency of a nonsolid sample
of the composition is at least about 90 times a
storage modulus at low frequency of a non-solid sample
of the polymer when the amount of single walled
nanotubes distributed in the composition is 0.5% wt.
Claim 16. An article comprising the composition of
claim 13 molded in a low shear flow rate process.
Claim 17. The article of claim 16 wherein the
resistivity can be increased by extensional flow.
Claim 18. An article comprising a molded composition
of claim 13 wherein said molded composition is flame
retardant. Claim 19. The composition of claim 13
wherein the polymer melt comprises PEEK, PI, or
PELClaim 20. The composition of claim 13 wherein the
polymer melt comprises PEEK or PEL Claim 21. An
article comprising a molded composition of claim 13
wherein said molded composition is electrically
insulating and wherein said molded composition becomes
electrically dissipative with heating. Claim 22. The
composition of claim 13 wherein the amount of single
walled carbon nanotubes is less than about 10% by
weight. Claim 23. The composition of claim 13 wherein
the amount of single walled carbon nanotubes is about
7%by weight or less. Claim 24. An article comprising: 



a composition of a polymer that is a continuous phase
and an amount of single walled carbon nanotubes
dispersed in the polymer, wherein a storage modulus at
low frequency on a non-solid sample of the article is
at least about 90 times a storage modulus at low
frequency of a non-solid sample of the polymer when
the amount of single walled nanotubes dispersed in the
composition is 0.5% wt. Claim 25. The article of claim
24 where the article is electrically dissipative.
Claim 26. The article of claim 24 wherein an
electrical resistivity of the article is reduced by
extensional flow. Claim 27. The article of claim 24
where the article is flame retardant. Claim 28. The
article of claim 24 where the article is flame
retardant and electrically dissipative. Claim 29. The
article of claim 24 wherein the polymer comprises
PEEK, PI, or PEI Claim 30. The article of claim 24
wherein the polymer melt comprises PEEK or PEL Claim 3
1. The article of claim 24 where the article is
electrically insulating and wherein said the article
becomes electrically dissipative with heating.Claim
32. The article of claim 24 wherein the amount of
single walled carbon nanotubes is less than about 10%
by weight. Claim 33. The article of claim 24 wherein
the amount of single walled carbon nanotubes is 7% by
weight or less. Claim 34. The article of claim 24 that
has an surface resistivity of less than about 10
ohms/sq. Claim 35. The composition of claim 24 that
has an surface resistivity of less than about 107
ohms/sq. Claim 36. The composition of claim 24 that
has an surface resistivity of less than about 104
ohms/sq. Claim 37. A composition comprising: a
thermoplastic polymer; and a network of single walled
carbon nanotubes dispersed in said thermoplastic
polymer, a melt of said composition has a storage
modulus proportional to frequency according to G'=K wz
where K is a proportionality constant, w is the
frequency between 0.01 and 1 rad/sec, and z is less
than 1.7; and wherein an amount of said single walled
carbon nanotube in said composition is greater than
0.5 wt%, said storage modulus at a fixed frequency
decreases with further extrusion compounding of the
composition. Claim 38. The composition of claim 37
wherein the metal extractables of said composition is
less than 200 microgram/gram of iron as determined by
acid digestion of said composition. Claim 39. The
composition of claim 37 wherein said single walled
carbon nanotubes are single walled carbon nanotubes
having an aspect ratio of 100 or more. Claim 40. The
composition of claim 37 wherein said composition
outgasses organics less than 0.01 microgram/gram.Claim
41. The composition of claim 37 where said single
walled carbon nanotubes are not polymer wrapped single
walled carbon nanotubes. Claim 42. The composition of
claim 37 having a surface resistivity less than 10
ohms/sq. Claim 43. The composition of claim 37 wherein
the amount of single walled carbon nanotubes is
between 0.5wt % and 10 wt%. 



Claim 44. The composition of claim 37 wherein the
network is characterized by a storage modulus that is
at least 90 times greater than the storage modulus of
the polymer at a frequency of 1 rad/sec or less when
the amount of single walled carbon nanotubes is
between 2 and 7 wt %. Claim 45. The composition of
claim 37 wherein the composition does not comprise
added carbon powders. Claim 46. The composition of
claim 37 wherein the volume resistivity or surface
resistivity of said composition can be decreased with
heat treatment. Claim 47. A fluid handling article
comprising the composition of claim 37. Claim 48. A
carrier comprising the composition of claim 37. Claim
49. A housing comprising the composition of claim 37.
Claim 50. The composition of claim 37 wherein the
network is characterized by a storage modulus that is
at least 150 times greater than the storage modulus of
the polymer at a frequency of 0.1 rad/sec when the
amount of single walled carbon nanotubes is greater
than 2 wt%. 


