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applications are iiicorporated by reference herein.
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12006010 and filed on March 23, 2006. Both applications are incorporated by

reference herein,

FIELD OF THE INVENTION

[0002] This invention concerns polyphenylene sulfide compositions

useful for electronic devices.

BACKGROUND OF THE INVENTION

{0003] Electronic devices are concerned with power management,
energy consumption, evacuation of heat from, and delivery of heat to, key
electronic components. As electronic devices éecome more sophisticated,
alternative materials are sought to reduce weight, cost, and other factors
affecting both price and performance.

[0004] There are many examples of thermally conductive thermoplastic
compounds which are designed to evacuate heat from electronic components
that require certain operating temperatures to be productive and efficient. For
example, Therma-Tech brand products from PolyOne Corporation are
engineered to transport heat away from a key component, such as a
microprocessor.

[0005] However, there are some electronic devices that require the
delivery of heat to key components. Examples of such clectronic dovices arc

certain electronic printing devices that require components to be of a certain
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and micrometric range for emitting heat.

SUMMARY OF THE INVENTION

[00071 Unfortunately, films and coatings such as those disclosed by
Miller are present only at the surface of an article. Such films and coalings can
chip, delaminate, or flake leaving the article untreated.

[¢008] What the art needs is a compound that melts or degrades only at
very high temperatures yet is exothermic throughout the bulk of the compound
to deliver heat of a desired temperature to key components of an electronic
device such as a commercial graphics printer. Because the compound is
exothermic throughout its bulk, there is no possibility of loss of the thermally
conductivity because of loss of a treatment on the surfacc of the component.
[0009] The present invention solves that problem in the art by providing
a polyphenylene sulfide compound that is exothermic throughout its bulk when

connected to a source of elecirical energy.
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[060013] "Exothermic additive" for purposes of this invention means a
combination of more electrically conductive particles and less electrically
conductive particles that can be engineered to provide a specific temperature
when the polyphenylene sulfide composition is formed into an article and is
powered by electricity.

[00014] Employing a combination of particles of carbon black and
graphite, in the manner as disclosed in U.S. Pat. No. 6,086,791 (Miller) or U.S.
Pat. No. 6,818,156, dispersed throughout a polyphenylene sulfide compound, an
article formed from the compound can Become electrically conductive effective
to emit heat without break-down of the compound or the thermoplastic article
into which it is formed. Because the melting or other degradation point of
polypbenylene sulfide is higher than the temperature desired for the components
of the electronic device, it is possible to engineer any specific temperature of
heat emitted from a thermoplastic article of the present invention.

[060015] Advantages of the invention are explained with reference to the

following embodiments.

BRIEF DESCRIPTION OF THE DRAWING
[00016] Fig. 1 is a chart plotting temperature vs. time for Examples 2-6.
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[060019] Exothermic Additive

[00020] ‘The exothermic additive for the present invention is the

combination of two different forms of carbon, preferably a combination of
particles of carbon black and particles of graphite. The carbon black is more
electrically conductive than graphite. Non-limiting examples of substitutes for
carbon black include nanotubes (single-walled and multi-watled), nanofibers,
and other forms of carbon that have a high aspect ratio and are electrically
conductive.

[00021] An accepiable commercially available carbon black is Printex
XE2 super conductive carbon black particles having a particle size of about 35
nm, from Degussa of Akron, OChio, among other locations.

[00622} An acceptable commercially available graphite is No. 2939
Thermally Pur. Flake graphite having a particle size of less than about 20
microns, from Superior Graphite (www.superiorgraphite.com).

[00023] Both the Printex XE2 carbon black and No. 2939 graphite are
disclosed in the Miller patents.

[00024] The size of the two different forms of carbon can be any size
within the nanometric or micrometric region. The aspect ratio of the two

different forms of carbon can be any range customarily found in the variouns
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electrically conductive and exothermic when connected to a source of clectrical
energy.

[00026] A balance of carbon black particles and graphite particles can
provide both electrical conductivity via the carbon black particles to transport
electrical energy throughout the bulk of the polyphenylene sulfide and while
also generating heat because of the less conductive or resistive nature of the
graphite particles. Unexpectedly from the disclosures of the Miller patents, the
combination of two different forms of carbon can be dispersed into bulk of an
article formed from a polyphenylene sulfide compound to provide electrical
conductivity and exothermic properties. The Miller patents do not disclose
polyphenylene suifide as a suitable binder for his coatings and films.

[00027] The weight ratio of more conductive:less conductive portions of
carbon forms in the exothermic additive can range from about 0.3:1 to about
3:1.

[00028] The cumulative amount of exothermic additive can range from
about 1 to about 75 weight percent of the total thermoplastic compound.
Generally at a constant ratio of more conductive/less conductive carbonaceous
particles, the greater the concentration of cxothcrmic additive, the morc
exothermic the thermoplastic compound at a given amount of applied electrical

energy.
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order to reduce brittleness of molded parts made from compounds of the present
invention.
[¢0032] The cumulative amount of optional other polymers can range
from 0 to about 25 weight percent of the total thermoplastic compound.

[60033] Optional Additives

[60034] ‘The compound of the present invention can include conventional
plastics additives in an amount that is sufficient to obtain a desired processing
or performance property for the compound. The amount should not be wasteful
of the additive nor detrimental to the processing or performance of the
compound. Those skilled in the art of thermoplastics compounding, without

undue experimentation but with reference to such treatises as Plastics Additives

Database (2004) from Plastics Design Library (www.williamandrew.com), can
select from many different types of additives for inclusion into the compounds
of the present invention. ,

[00035] In compounding PPS, other compounding ingredients are
desirably incorporated into the PPS to produce compounding formulas. Other
compounding ingredients can include fillers, pigments and colorants if desired,
processing lubricants, impact modifiers, uv-stabilizers, other processing aids, as

well as other additives such as biocides or flame retardants.
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[00039] Lubricants can be used to reduce sticking to bot processing metal
surfaces and can include polyethylene, paraffin oils, and paraffin waxes in
combination with metal stearates. Other lubricants include metal carboxylates,
and carboxylic acids,

[06040] The cumulative amount of optional additives can range from 0 to
about 40 weight percent of the total thermoplastic compound, depending on the
type of additive and desired processing or performance property to be changed
from the compound without such additive(s) therein. Without undue
experimentation, one skilled in the art can determine the appropriate amounts

using statistical techniques such as Design of Experiments.

[06041] Processing
[06042] ‘The preparation of compounds of the present invention is

uncomplicated to those skilled in the art of thermoplastic compounding. The
compound of the present can be made in batch or continuous operations.
[00043] Mixing in a continuous process typically occurs in an extruder
that is elevated to a temperature that is sufficient to melt the polymer matrix
with addition either at the head of the extruder or downstream in the extruder of
the solid ingredient additives. Extruder speeds can range from about 50 to
about 500 rcvolutions per minute (rpm), and preferably from about 100 to about
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[60045] Mixing in a batch process typically occurs in a Banbury mixer
that is also elevated to a temperature that is sufficient to melt the polymer
matrix to permit addition of the solid ingredient additives of any optional
additive. The mixing speeds range from 60 to 1000 rpm and temperature of
mixing can be ambient. Also, the output from the mixer is chopped into smaller
sizes for later extrusion or molding into polymeric articles.
[00046] Compounds can be formed into powder, cubes, or pellets for
further extrusion or molding into polymeric electronic device components.
[060047] Subsequent extrusion or molding techniques are well known to
those skilled in the aft of thermoplastics polymer engineering. Without undue
experimentation but with such references as "Extrusion, The Definitive
Processing Guide and Handbook"; "Handbook of Molded Part Shrinkage and
Warpage"; "Specialized Molding Techniques”; "Rotational Molding
Technology™"; and "Handbook of Mold, Tool and Die Repair Welding", all
published by Plastics Design Library (www.williamandrew.com), one can make
articles of any conceivable shape and appearance usin g compounds of the

present invention.

USEFULNESS OF THE INVENTION

[60048] Compounds of the present invention can be made into articlos

which generate heat when connected to electrical energy. One can connect a
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[H0050] Any form of electrode is suitable for connecting articles of the
invention to the source of electrical energy. Ranging from alligator metal clips
from a consumer retail outlet such as Radio Shack stores to pressure sensitive
electrodes from a commercial wholesale outlet such as 3M Company, the goal
of the electrode is to connect the article to the source of electrical energy
without excessive loss of energy.
[00051] The amount and type of exothermic additive in the compound
establishes the temperature at which an article remains, given the environment
within which the article resides.
[00652] Contrasted with a coating or film as disclosed in the Miller
patents, which might be susceptible to chipping or flaking from the exposed
surface of the article, having the exothermic additive dispersed throughout the
bulk of the thermoplastic polyphenylene sulfide compound assures continued
performance even if the exposed surface of the article is scratched or marred.
[00053]) Depending on the geometry of the article, one may need to
provide more than one set of electrodes to the article, perhaps providing the

electrical energy to various sections of the article.



i nclude acrylic or styrene-acrylonitrile copolyners to
prevent edge tear in the extrusion of conplex profiles
we@eoocomfisgur at i ons. [ 00039] Lubricants can be PCSEUS1007/061403

reduce sticking to hot processing netal surfaces and
can i nclude pol yethylene, paraffin oils, and paraffin
waxes in conbination with netal stearates. O her

| ubricants include nmetal carboxylates, and carboxylic
acids. [0004G The cunul ative anmobunt of optiona
additives can range fromO to about 40 wei ght percent
of the total thernoplastic conpound, depending on the
type of additive and desired processing or performance

|o(|rJI [99634]y to bﬁne&&ﬁ,geri duite @tbgmge@gma&sé N ﬁr?@%tlo ir?g\céﬂ
[ t her undue experinentatio
gn‘glﬁts ?geé%a“%mtaﬁ‘é %QF{V\Z‘@%F“H EPTEPOHTNS berimg sibiserspt i at e
anEMoETrEHh gf slothdratié balititELBHLED RHE M S8h RS8N, Bf
ment s. OOO41h@ProceSS|n g [00042] The
@‘g{ﬁfeﬁf FegperAt s p gritiEersnt seponsrhasdasten nvent i on i s
u n[‘DOBﬁ]' cat eﬂlebﬁoﬂ:@%%c@é‘ﬂhlai @aﬂ Heﬂeﬁmo%réo oHnds of the

thernD?Iastlc conmpoundi ng. conpoun e present
califetsd Wé{&%ﬁ%msé%humroé@m @ﬁh@wgfebp]eﬂaﬁ\icmﬂlsrnlt{r@&@mleq

M o6 dihtroRicA e IRk MHI'&H@‘E]:Q&%@&&S@HX@ bealdy IQS?C Urey 4'7%6 an

extruder that is elevated to a tenperature that

sut-1 7P 5:62d 41 6.86AS9poingne?0HRA T and Ui, EE'uhlishetllPratbnt
ei Aﬁﬁfcaﬁgn ﬂ)@ 2'@8%1 Phodgia® bH6E61 01 dOMELL M i melter

t he ‘extrud
assembly d1sclosed in U.S. Pat. No. 6,905,201.

[06656] Examples further explain the invention.
EXAMPLES

(00057} Example 1

[H0058] Samples of compounds of the present invention were

compounded, extruded, and molded into test plaques. All samples were
composed of 82.5 weight percent Ryton brand PPS, 12.25 weight percent
Printex XE2 brand carbon black particles, and 5.25 weight percent Superior
Graphite No. 2939 brand graphite particles, from a production run totaling 50
pounds.

[00059] The carbon black was dry-mixed in a Henschel mixer for about 3
minutes followed by addition of PPS and mixing for about 4 minutes, followed
by addition of the graphite and continued mixing for about 6 minutes. Then the
dry-blend of the compound was introduced into a Century 30 extruder, with the

settings and results shown in Table 1.

Table 1
Ixtruder Conditions
Set | .Read
Zone 1 (°F) 680 408
Zone 2 {°F) 680 552
Zone 3 {°F) 680 678
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the solid ingredient additives. Extruder speeds can
range from about 50 to about 500 revol utions per
worzevaneo16e pn), and preferably from about 100 tBCT/US2007/061403
about 300 rpm Typically, the output fromthe extruder
Is pelletized for later extrusion or nolding into
polynmeric articles. [00044] Prior to extruding at
tenperatures sufficient to nelt the PPS, the
i ngredi ents are physically m xed together using a
Henscliel mxer. Contrary to the disclosures of the
M Il er patents which teach grinding the carbon bl ack
particles with the graphite particles, the processing
of the present [invention bepgbiest W t h m xi ngjof carbon
black with thelPPS fol | éededfionddidit i on of the
graphite. This|esgerepf m Xxing|irggoviesgd spersion of
bot h constituen f .fhe exothge additjve within
and t hr oughout ?ﬁnce%bﬁ*)k of—the cT{g(?u edGI.‘Z—dP“ article.
[ 00045] M xi ng|£ered Bt ch procks$7yni cA#8 y loccurs in
a Banbury m xer zédeatcH)S al so e| ewas ed t ess tienperature
that is suffic gggegt(oFrrelt the| pobymgr pairix to
permt additio the sofTdgredirgnt—addijti ves of
any optional a*’z“”‘g9"(=) Fhe—mixl-ng’$paed€ ange from 60
to 1000 r pm angPiefi@r at ure of | mi6ad nd cayw be ambi ent .
Al so, the outpubidfir@m the m xel iggy choppgd iinto
smal l er sizes T r_ext on _or [moidging into
pol ymeric arti Rhéd./a%g?‘ﬁ’fg]l&% pothad—cdh—bé fornmed
into powder, c rquar pellets| for fed¥t her extrusion
or nolding int JM]BBPny:EEEFi c el ectronic [devygce

component s. [OJ%g]reMequent exgrugi on,,or nol di ng

techni ques ar efWeT T —_RNOWT tO

FeederRate # 1 /M 226
Vacuum / Inches 15
Belt Speed 10
Pelletizer Speed 2/10.
Water Spray X
Air Blower 1
Ratc (Pounds / Hour) 30TIR

[00060] The extrudate was pelletized for later molding,

[00061] Using a 33 Cincinnati Millacron molding machine, the following

settings were used to mold plaques and tensile test bars of the compound of the

present invention.

Table 2
Molding Conditions
Drying Conditions:
Temperature 100°C
Time 3
Temperatures:
Nozzle (°C) 620°
Zone 1 (°C) i 610°
Zone 2 (°C) 600°
Zone 3 (°C) 590°
Mold (°F) 205°
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those skilled in the art of thernoplastics polyner
engi neering. Wthout undue experinentation but with

W@ ewh/op@Eber ences as "Extrusion
Processi ng Gui de and Handbook";
Part Shrinkage and War page";

Techni ques”;
"Handbook of

"Rot ati ona
Mol d, Tool

Mol di ng

Technol ogy";

and Di e Repair Wl ding",

publ i shed by Pl astics Design Library

(wwwv. wi | 11 amandr ew. con ,

The Defi niti vePCT/US2007/061403
"Handbook of Mbl ded
" Speci al i zed Ml di ng

and
al |

one can nmake articles of any

concei vabl e shape and appearance usi ng conpounds of

the present |
[ 00048] Conpg
into articles

nventi on.

USEFULNESS OF THE | NVENTI ON

unds of the prasent

I nvention ca

h be made

whi ch_genewEis deedtienshen connected to

el ectrical er

er gy. @meenpaityconnec

t asadpee of

el ectrical er

Spepds:vi a el ect r odes

to an arti cl

D

b nade

froma conpody

nd of shewpBPESent in

vention, to

jener at e

heat suffi ci €

néhot @n) F B ¥ Stehig(infsea

eratueg of a

conponent of
anmount. The t
rheost at whi d
t her nopl asti ¢
about the a

t Set @) el Vasiae @hewd)C

e to adesir

d

eBpedinit i ¥elSars (reg0

ntrol ked by

hShotind + 1n] Bel Sigadiniseds o

| energy inp

A
ut to the

it g |l VEIGROAGsed)f

therenis an

concern

unt of electrical en

ergy that is

bei ng

delivered to

tPhgssuzest | cl e, one can

al so includ

al

=

any

type of curre
assure that

1)

H PSP - Ting(he)a

an i &oi ne f

se, to

ic_amount of

el ectrical en

(wﬂﬂﬁﬁﬂﬁﬂﬁﬁ-ﬁmﬁﬁeﬁif
gy is to be deliv

red to the e

xot herm ¢

t her nopl ast i ¢

Tipgri:cl e of t he

Injection Hold (sec) 6
Cooling Time (sec) 20
Operation Settings:
Shot Size 2.5
Cushion 0.33
Cui-Off Position 0.8
Cut-Off (XFER) Pressure N/A
Cut-Off Time 10
Cut-Qff Mode Pos.
Decompression 0.2
[00062} Table 3 shows physical properties of the test plaques with two
tests and establishment of an average value.
Table 3
Physical Propertics
Physical Property Test 1 Test 2 AVG
Tzod (ft./1h.) 0.3 0.3 0.3
Flexural Modulus (psi) 845 830 837.5
Tensile Modutus (ksi) 1016 934 975
1 _Stress at Break (psi) 6644 5571 6108
Strain at Break % 0.79 0.64 0.715
Heat Deflection Temperature @ 66 psi 234 218 226
Heat Deflection Temperature @ 264 psi 107 115 111
Specific Gravity 1.429 —— 1.429
Mold Shrinkage 0.009924 0.009921 | 0.009923
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present invention. An inline fuse would forestal
excessive electrical energy being delivered to the
wa@eao7opEes hat woul d ot herwi se generate such heBCT/ES2000061403
degrade or nelt the pol ypheny]ene sulfide in the
article or harm any conponent of an electronic device
inthe vicinity of the thernoplastic article. [00050J
Any form of electrode is suitable for connecting
articles of the invention to the source of electrica
energy. Ranging fromalligator netal clips froma
consuner retail outlet such as Radi o Shack stores to
pressure sensitive el ectrodes froma comercia

wHobERd | e OUT? plcasuie hxc?;ﬁft:rﬁi‘{b §ﬁ{ﬁéﬁlﬂéé; tt&d"lt‘i‘olg@ﬁEllerﬂTeBQnto a
S t.p .connec e article to the source of
ol SRR GRS R Flompo i rpprorBascbr Brbsgpart in
[ @@@51¢ affixth iEBUGEevaN Prbbdardh aem{a!a%ﬁhge ﬂﬁl mﬂ&u‘ ?gére tRen
ia%?ogg gl#g]?rest abl i shes the tenperature
P A SCHINAR Feate s MOiteasaemt AwIRrgun witsi affixed at
t hippmdmﬁiel?y q Bféh@‘&i‘-bov{a %Océgglleqﬁ? td Aehade ﬂﬁi&e%exﬁﬁ&&éupeqat

or f|In1as dlsclosed in the MIller patents,
mhtenE R®Btible to chipping or flaking fromthe

e gyl S ur f@e&:@e@&n‘sﬁ R&rAE bbifihSs 21NN xoLher me

addi tive_di spersed throughout gsi ?]fl% Vlﬁn% &?%a%ac seifing was

tﬁ%?“%EY§§¥?§3%BWW¢h%ﬁV1%ﬁ@wg@@ﬁwﬂ@manmpduﬂdm@ﬁ&anMy

cggqgﬁquaggﬁlglgggg 2Man f ed surface.

the article |% scrat%% § o?ﬁhﬁéggﬁg F 0535 e ER

o acs elofrs Priplent Thérealigr thel\yrizomettimgyemaindd toustant and
while temperature readings were taken every minute (for 30-40 min) while
checking to see if temperature readings remained constant. Table-4 shows the
measurements at the Variac setting of 33 volts, proving that a given voltage will
achieve a constant temperature for more than 30 minutes from exothermic

compounds of the present invention.

[0065]
Table 4
33 Variac

Time °F

(min. )
0 345
1 359
. 2 362
3 372
4 374
5 373
6 373
7 372
8 37
9 370
10 373
11 375
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provide nore than one set of electrodes to the
article, perhaps providing the electrical energy to
wQ ar7oE6ecect i ons of the article.[00054] Mor eoREF/US1007/061403
IS quite possible to engineer the article to have
di fferent sections made fromdifferent conpounds
havi ng di fferent concentrations of exotherm c additive
di spersed therein, thereby resulting in different
tenperatures in the different sections by design.
[00QB5] El ectronic devices that can benefit from
conpounds of the present invention are too numerous to
exhaustively list. Non-limting exanples of electronic
devices include those discim®sad 1n U. S. Pat. Nos,
4,814, 786; 5,123,961; by 625944 6,460,591, and
6, 905, 201 and U.S. Published Patent [Applications US

2004/ 01 14008 and US 2p0AP1 (146%0, |especially the ink-
mel ter assenbly disclo*e&ﬁ?ﬁw U-g-—Pat. No. 6, 905, 201.
[ 00056] Exanples further _expliain the invention.
EXAMPLES [00057] Exanp|e ® [00088 $anpl es of
conpounds of the presept idvent @i Were conpounded,
extruded, and nol ded i ptojtest—pizaages. Al sanples
were conposed of 82.5 jeight [percCentt Ryton brand PPS,
12. 25 wei ght percent Print%ex [XE®"Sbr and car bon bl ack
particles, and 5.25 we| ght7 parcemt $uperior G aphite
No. 2939 brand graphitgpgrtictes,—firoma production
ran totaling 50

19 374

20 376

21 376

22 373

23 379

24 376

25 375

26 374

27 374

28 374

29 378

30 375

31 371

[00066) Examples 2-6
[60067] Table 5 shows the formulations of Examples 2-6, which are the

same as Example 1 except that HDPE is added to improve resistance to
brittleness of a final molded part made from the compound. The same

compounding and molding conditions were used for Examples 2-6 as were used

for Examplc 1.
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pounds. [00059| The carbon black was dry-m xed in a

Henschel m xer for about 3 mi nutes followed by
waadaopars of PPS and m xi ng for about 4 m nut eBCT/US2007/061403

foll owed by addition of the graphite and conti nued

m xi ng for about 6 m nutes. Then the dry-blend of the

conpound was introduced into a Century 30 extruder,

with the settings and results shown in Table 1.[0006Q0

The extradate was pelletized for |ater nolding.

[00061] Using a 33 Cincinnati M Il acron nol ding

machi ne, the follow ng settings were used to nold

pl aques and tensile test bars of the conmpound of the

present invention.[00062].Table 3 shows physica

prapef%reswe#—Phe—%esL—pLaquesfmnfh two tests and
esfabl i shrent of an averagelﬁgﬁﬁe [00063] To neasure

exXPDinaelitd: CwPPHPET T -
con_gmrky@mal A?ensn g’?‘};‘?é’fs"?k bﬂééi:gi% J%mnﬁ% 4c E’;ﬁmtes \Exg’g’gics
appEovdinidcRkBrinkxi NChes2apdrt 7.41 0f del gt 0 At TARE O ass
scr8bA  Probes froma Varijac vol t age rheopst at werle
t hef® IF gt o the Basy sctews|t o4cr eal elia2yol|t ager

| oDRan %Fﬁmﬁﬁn pas af fijxed at approxinptely 4
i NEH ensjgleHaroie RRasie surface
tenpﬁ%é?ﬁ?%ﬁg?wﬁhe cenf%r fzgﬁe barﬁ0[0006%?)8tﬂrtgﬁ}
wi th Variac settings at 10 voIts, the Vartac—setting

waisTgal &dirad Contantier pa®ed untiny deSTned Surf acde, T4.4%
te paidr e r eache aooroylnatelv 350- 3600F, a
teng’ﬁi‘f‘“*zfrcéf é?aﬁled3%r t H60%el ti hao%et | nk3dn a | 69%
co alrbon QN: nrinte Thereafter Lhe

\/rggﬁn§é¥?|ng (gha?ﬁ%ﬁugbﬁgtant b AL 0431 ° [227:1

[00068] Table 6 shows the results at stated Variac settings.
Table 6
Temperature Data
Variac
Setting 140V 60V 35V 9V 32V
Exaxple 2 3 4 5 6
Time Temp (°F o o
(min) P } Temp (°F) Temp (°F) Temp (°F) Temp (°F)

1 183 186 162.7 172,35 222

2 208 192.6 192.5 202 237

3 222 206 203 212 246

4 231 218 212 218 251

5 230 226 222 226 256

6 232 230 229 231 258

7 235 239 235 238 258

8 234 244 239 244 257

9 236 249 244 249 258
10 237 255 249 251 259
11 236 258 250 252 257
12 235 257 251 251 258
13 236 259 254 253 258
14 234 259 255 254 257
15 233 254 254 255 259
16 233 256 256 256 260
17 235 258 254 257 261
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whil e tenperature readings were taken every m nute
(for 30-40 mn) while checking to see if tenperature
wo e@diosgse r emai ned constant. Tabl e 4 shows t hePCT/US2007/061403
nmeasurenents at the Variac setting of 33 volts,
proving that a given voltage will achieve a constant
tenperature for nore than 30 m nutes from exothermc
conmpounds of the present invention. [00065] 100066]
Exanpl es 2-6 [00067] Table 5 shows the fornul ati ons of
Exanpl es 2-6, which are the sane as Exanple 1 except
that HDPE is added to i nprove resistance to
brittleness of a final nolded part nmade fromthe
conpound The sane conpoundisgéand nol di ng conditions

were—used_for Exanpl es Xe@peystupedpata ysed f or Exanpl e

ac & ;
1. DO§$I1 Tabl e srllovvs tAwe rezults Et ;:L?t egr Yi‘rf.ﬁ:gv
Se IE‘XEKHP%Q UWU J I_I T J.Iaolluv o) ‘.”\:I grapth uuf;a I Ak 3
NUTET Latty—H-Sted—yn—Table—p—-—s—{-nteresting
nof e chhgt |EXampl®) 2| \Wedn (e hl”egine%  OFdr@rger)s ¢t Téniek°F)
yi gl degl tHe TowesST [enpggatru ggat Y 1 361

atfri but abl e tey EXaplespavi g gﬁg oyestT, gercentags
of | capbon [bl acks T0 foTals;carpon gontent, 3y ST 1L,
Tabl e2p. A compari SON Gy EXA[TPl 852~ dant Exggpte |5 shgws
that Bxanpl e 53 th] 50%seT The TEPPE contagt—amd 555
al poses t he sapes anount @% tofal garbop copggent (and; g te
sane_percegnt ages of carbgh DI aCK %9 toral £gr Do 262
contemt i 9 abbss t o lachizgye a hi GRer t ENpejsat Ur € alod
| ower voltage. Therefore, the presence of tThe optiona

nee to be taken into considerati on when
ggéngé ng adf?lg-rhfhoayq th{ graphical results numerically listed in Table 6.

It is interesting to note that Example 2 with the highest voltage setting yielded

the Jowest temperature. That may be atiributable to Example having the lowest
percentage of carbon black fo total carbon content, as seen in Table 5. A
comparison of Example 2 and Example 5 shows that Example 5 with 50% of
the TIDPE content and almost the same amount of total carbon content and the
same percentage of catbon black to total carbon content is able to achieve a
higher temperature at a lower voltage, Therefore, the presence of the optional
polymer needs to be taken into consideration when desi gning a formulation to
operate a given temperature for a given voltage.

[00070] A comparison of Examples 2-4 shows that for constant amounts
of PPS, total carbon content, and HDPE, increase of the amount of carbon black
to graphite also increases the exotherm while reducing the amount of Variac
voltage from 140 to 35. |

[00071] Table 7 shows the resistivity data for Examples 2-6, tested
initially and then repeated four times to obtain an average value and a standard
deviation. A comparison of Examples 2-4 shows a correlation of drop of
resistivity as the amount of carbon black to total carbon content increases. A

.comparison of Example 4 with Example 6 shows that quite minor differences in
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operate a given tenperature for a given voltage.

[ 00070] A conparison of Exanples 2-4 shows that for
wa@om3namse anount s of PPS, total carbon content PCEOS2007/061403

HDPE, increase of the amount of carbon black to

graphite al so i ncreases the exotherm while reducing

t he anmobunt of Variac voltage from 140 to 35. [00071]

Table 7 shows the resistivity data for Exanples 2-6,

tested initially and then repeated four tines to

obtai n an average value and a standard deviation. A

conparison of Exanples 2-4 shows a correlation of drop

of resistivity as the anount of carbon black to total

c afobonliation temtni daaRRS esnsidr ANBFk &RBs B refXAMR). eB&ause

mn%ﬂnﬁaagple(p shoma(}%at,ﬁylte,n1nor di ff erences

i nFormRr att BriclEIntEftd ¥4 fiHeirat inpdiogeEapmales 2-5, the

di thebpaneLsonpount Prédebsthd hayBEGHISE 1FXAER! € 6 was

conmpounded at a different tinme fi oaa Exanpl es 2-5,

tlie methods of conpound processing may al so have an

efifect. [00072] A cofiparisqg,py theexothernrresutts

of, Tabl e 6 (and Rehtivily in\Onnl3 of 4 Fenbit ety LY TESut-ts
of__Table 7 al so dHeovesn t Bedss Schdvsl1Qesk aga@si Stivity

aghi eves { Futishil Gkesst! tieRgrentat | UR@e At Reeaval Aldige | Std.
| dwest a”:)lui%\ appli voltage lUnexpectedlyito thosBev.
SHiHESd—-hEhe [art !0t o $lipdral’d e ldediiPeq| 24506 | 63292
| fvepsaryl ritated T the $bsilst {1y aPlq he| o004 | 1676
f ot nﬂg)‘%ti :anz‘dt ()002,0 The 1%_9;34 Vg’nf Pohn ils A&t 1§ moBS&d [188:906
t fle—gbgve eﬂgcwﬂ?ﬁ?{ﬁ%&; 820 ¢ | | KE0Whiar16328 | 42091
RIBER =55 N 01 103 106 105.2 5.8481
[60072] A comparison of the exotherm results of Table 6 {and Fig. 1)

with the resistivity results of Table 7 also shows that the lowest resistivity
achieves the highest temperature exotherm at the lowest amount applied
voltage. Unexpectedly to those skilled in the art, the temperature desired is
inversely related to the resistivity of the formulation.

[00073] The invention is not limited to the above embodiments. The

claims follow.
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1. A pol yphenyl ene sul fide conposition, conprising:
(a) a polyphenylene sulfide, and (b) an exothermc
wa@adarnpodee 2. The conposition of Claiml, whereCTUs1087/061403
exot herm c additive conprises the conbination of two
different fornms of carbon, and wherein one formis
nore electrically conductive than the other form 3.
The conposition of Caiml or Caim2, wherein the
exotherm c additive is a conbination of particles of
carbon bl ack and particles of graphite, and wherein
particles of carbon black are nore electrically
conductive than particles of graphite. ,.. 4. The
coNyosiit ¢lamedfis:Cl ai m 2, wherein the nore electrically
conductjve, form.of c on is selected fromfhe group
cggsistéﬁﬂl 16%%???%ﬁé@aﬁFmﬁﬁﬁﬁﬁhcﬁpaﬁﬁ?gSingle-malled

nanot ub@ka polybhéndeld RugnaRed ubes. , nanofi bers, and
conbi n Bons t hereof . 5. The conposition of Claim1l or

d ai m 22 {hExUrerifadd@seher ni c additi ve conprises a
form of carbon that has a high aspect ratio and is

ekfctrically conductjve. 6. The conposition of Claim1l

or®-d ai TherompositionpfiGlaine kovheeimithe extdhtrinie addisve comprises

Pahé bGhBB ARG b AdiBlefiie Wirkhi nanopetric or. .

M CromBtric I e, on.z e ?Arfng o@cgll%%n, Iy wherein one form is more
electrically conductive than the other form.

3. The composition of Claim 1 or Claim 2, wherein the exothermic additive
is a combination of particles of carbon black and particles of graphite, and
wherein particles of carbon black are more electrically conductive than particles
of graphite.

4. The composition of Claim 2, wherein the more electrically conductive
form of carbon is selected from the group consisting of particles of carbon

black, single-walled nanotubes, multi-walled nanotubes, nanofibers, and

combinations thereof.

5. The composition of Claim 1 or Claim 2, wherein the exothermic additive

comprises a form of carbon that has a high aspect ratio and is electrically

conductive.

6. The composition of Claim 1 or Claim 2, wherein the exothermic additive

are particles having a size within the nanometric or micrometric region.

7. The composition of Claim 1 or Claim 2, wherein the exothermic additive

are patticles having an aspect ratio ranging from about 1:1 to about 20,000:1.
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7. The conposition of Claim1l or aim2, wherein the
exotherm c additive are particles having an aspect

WO 21070901861 gi ng from about 1:1 to about 20, 000: RCT/8S20011@61403
conposition of Claim2 or Caim3, wherein the weight
rati o of nore conductiverl ess conductive forns of
carbon can range from0.3:1 to about 3:1. 9. The
conposition of any of Clainms 1-8, wherein the anount
of exotherm c additive ranges fromabout 1 to about 75
wei ght percent of the conposition. 10. The conposition
of any of Clains 1-9, further conprising an optional
ot her polyner selected fromthe group consisting of

pas. on eﬂm&mmﬁiﬁo@mfdﬁs;m POk YBEHET, SwhePSh )ﬂ!{halvexgﬁ{ SERr

and Xﬁ 3nes nd ereln t he opti onal other
po ymer %‘:etHre 153500 ‘th’é'( f bRt carborgiap garfaediamn Ol to about

alBout 25 wei ght percent of the composition. 11. The
conposition of Cl aim 10, wherein the optional other
pol ymer conprises high density polyethylene. 12. The

CANPOSi TheddbnfosAIMN d?%n@o@tﬁ‘ﬁm%'llé‘ mﬂe‘z’&ﬁ D& 2 GOIRIES! Ng

opti gnal addl tives selected from'the group consi St | ng
ofe*piaermajcsad kﬂ"gr’f@?ﬁ% fromp plonudtts abgmididessimipercent of the

| Wordpesitlos, | nMpact nodifiers, uv-stabilizers,
processi ng ai ds, biocides, and flame retar dants

wherein the optional additive is present in an anount

rapgi norfe &'ﬂp%sftﬁn%@%{v of e1MRls qhis fR{%ﬁe%echtnp%bmtgg% optional

conpositio
other polymcr selected from the group consisting of polyolefins, polyam1des

polyestets, polyhalo-olefins, and polyurethanes, and wherein the optional other

polymer is present in an amount ranging from 0 to about 25 weight percent of

the composition.

il. The composition of Claim 10, wherein the optional other polymer
comprises high density polyethylene.

i2. The composition of any of Claims 1-11, further comprising optional
additives selected from the group consisting of fillers, pigments, colorants,
processing lubricants, impact modifiers, uv-stabilizers, processing aids,
biocides, and flame retardants, wherein the optional additive is present in an

amount ranging from 0 to about 25 weight percent of the composition.

13. A method of making the composition of Claim 3, comprising the steps
of

(a) dry mixing the carbon black particles in a mixer;

(b) adding the polyphenylene sulfide into the mixer and continuing dry
mixing;

(c) adding the graphite particles into the mixer and continuing dry
mixing step to form a dry blend; and
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13. A nmethod of making the conposition of Claim 3,
conprising the steps of: (a) dry m xing the carbon
whb@ckopes ticles in a mxer; (b) adding the  PCT/US2007/061403
pol yphenyl ene sul fide into the m xer and conti nui ng
dry mxing; (c) adding the graphite particles into the
m xer and continuing dry mxing step to forma dry
bl end; and(d) extruding the dry blend in an extruder.
14. , A thernoplastic article, conprising the
pol yphenyl ene sul fide conposition of any of C ains
1-12, wherein the article is exotherm c throughout the
bul k of the article when the article is connected to a
sour ce (@} estredingitbadryanatdm. anlxauler. €l ectroni ¢ devi ce,
conprising a thernoplastic article of Caim 14.

14. . A thermoplastic article, comprising the polyphenylene sulfide
composition of any of Claims 1-12, wherein the article is exothermic throughout
the bulk of the article when the article is connected to a source of electrical

energy.

15. An electronic device, comprising a thermoplastic article of Claim 14.
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