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The process of the instant invemion avoids the harsh treatment

conditions of the ‘643 and ‘938 processes and the agglomeration of the ‘723 and
20 ‘618 processes.

The organic particles contemplated for surface modification by the
method of this invention have varying affinities for clumping together as
agglomerates and/or aggregates by virtue of physical and/or chemical attractions
among particles. It is believed that plasma activated species essentially will only

25  interact with, and thereby treat, the surfaces of the clumps. When clumps or
agglomerates are treated, only primary particles that are at or near the surface of
the clump will be treated by the plasma activated species. It therefore follows that
the larger the size of the clump, the smaller the proportion of the primary particles
within the clump that can be treated by the gas species and hence the less effective

30 the treatment process will be. |

There is almost nothing in the prior art to guide one in the

successful implementation of a modification process for materials that readily
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Thi s i nventliepéufiepncerns a nethod for treating the surface of
particulate materials that exhibit irreversible degradati on when heated
above a 15 threshol d t enpSUMMARYIOF JHE I ENTIONt 500 degrees C with at
| east one species . of plasnma-actiyvat { ' r eat ment
chanber that cont ai njsT_f"ﬁé%mé'gﬁgg"@emsa Sﬁ‘(r%gg&gt?gﬁ%@g @é\/\ﬂlsr rcgg_?n of the
plasma s ngﬁiﬁ‘ﬁcﬂ%ﬁﬁ&éﬂiﬂg tHaP exifibie Ageveisible degradation when heated abowve a
i ntroduci nd activated process gas into the treatnent .

15  threshold temperature not exceeding about 500 degrees C with at least one species

of plasma-activated process gas in a treatment chamber that contains the plasma

source or is downstream of the plasma source, comprising the steps of:

i introducing activated proéess gas into the treatment
chamber,
20 ii deagglomerating the particles into fractions to expose at

least a portion of the surface of substantially each fraction of
deagglomerated particles,
iii contacting the deagglomerated particle fractions with the
activated process gas in the reaction chamber before reagglomeration can
25 occur to any substantial degree,'
| iv modifying at least a portion of the surface of substantially
each deagglomerated particle fraction with the activated process gas. and
v controlling the temperature of the deagglomerated particle
fractions so they do not thermally degrade.
30 This invention also concerns a method for grinding agglomerated

pigment particles comprising the steps:

to
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i grinding said particles to effect deaggloneratjon. whereby 5

thE deaggl oner eftisles. sWet-miling and hughesheat muxing s Alsebesmployedin i ne it woul d
take under identical conditions to deaggl onerate pignent particles not
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process will effect size Tidimention afsolcbfceniiod esTer engsbsition (colopar ticl es.
Wet-m I ling and high-shear m xing can also be enployed in 1 0 -
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particles. the composition having the following properties:

i viscosity less than one-half that of a like composition
15 comprising untreated particles of the same pigment,
ii improved tinting strength at least 2% above that of a like

composition comprising untreated particles of the same pigment, and
iii increased pigment to binder ratio at least about 5% above
that of a like composition comprising untreated pigment.

20 It has been foun_d in treating a normally difficult-to-treat pigment.
whose color is readily degraded, such as red pigment, that surface treatment can
be accomplished by thé process of this invention causing a color shift on the

- L*a*b* color scale of only £0.3, a color shift less than is observable by the
average human observer. As used herein color measurements are expressed in the

25  L*a*b* color space according to ASTM Standards on Color and Appearance
Measurement. First Edition, American Society for Testing and Materials (ASTM).
Philadelphia, 1984.

This invention also concerns an improvement in an apparatus for
treating particles at atmospheric or subatmospheric pressure comprising a reaction

30  or treatment zone in a reaction chamber having particle inlet and outlet means. a
plasma-generating source either inside or outside the reaction zone, and a particle

storage hopper that cooperates with the inlet. The improvement comprises:

Lo
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reaction cha having particle 1nlet an neans.

pl asma- generchatageerized be ehese fdmtures:nsi de or outsi de the reaction zone, and a
particle st orage, hopper that cooperates with the_ inlet. The

i nmpr ovenment Conpri ses: ! amsgﬁpmmanlsmt at moves partlcles from the

PCT/ US97/ 01629 . . ' AN . e hopper
designed to oper alfl%npgf toathe reaction Chamberﬁ?lggastﬁar‘%%ggg%g{ %{gto k‘ggru? %&hg‘%act [ 8?\
chanber per unit time, and i a nodul e | ocated between the particle
st orage 1kslopper and

ii a mechanism for introducing the particles into the reaction

zone in a manner to effect pa_rtide deagglomeration and dispersion.

It is preferred that the deagglomeration module comprise a mixing
chamber for mixing particulates and a carrier gas, mechanical stirﬁng means, an
ultrasonic horn energized by an ultrasonic transducer, and an outiet orifice,

20  wherein the pressure in the mixing chamber is maintained above the pressure in
the reaction chamber, and wherein the r_egibn immediately adjacent the outlet
orifice is ultrasonically agitated with sufficient energy to prevent plugging of the
oriﬁcé by the particles and to facilitate deagglomeration of the particles, the
carrier gas then carrying the deagglomerated particles into the reaction chamber.

25  Also contemplated are other means including mechanical deagglomeration and
dispersal of the particles with or without the aid of a carrier gas.

This invention also concerns an improvement in an apparatus for
treating particles at subatmospheric pressure comprising a reaction or treatment
zone in‘a reaction chamber having particle inlet and outlet means, a plasma-

30  generating source outside the reaction zone, and a particle storage hopper that
cooperates with the inlet. The improvement comprises:

i a particle-filled storage hopper:
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and for introducing the deagglomerated particles into the reaction zone.
20 and
| iii means for maintaining the deagglomerated particles at a
temperature below the temperature at which they degrade.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic block diagram, of the apparatus of the
25  present invention.
Figure 2 is an elevational view, partly in section. of a first
embodiment of the apparatus of the present invention.
Figure 3 is an elevational view, partly in section, of a second
embodiment of the apparatus of the present invention.
30 * Figure 4 is an enlarged sectional view of the particle feeder

assembly apparatus, corresponding to the second embodiment.

wn
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Figure 11 is an enlarged sectional view of the deagglomeration

module.
DETAILS OF THE INVENTION
15 PLASMA GENERATION
One skilled in the art will appreciate the numerous ways in which
plasma-activated species contemplated herein may be generated. This invention is
not limited to any particular plasma activation source. On the contrary, any
source can be employed whose use is consistent with the description provided
20  herein. For instance, low pressure plasmas may be energized by microwave
radiation or by radiofrequency radiation; atmospheric pressure plasmas may be
produced by silent discharge or by glow discharge. Typical discharge techniques
are known as “dielectric barrier discharge”, “flow stabilized corona™, “non-
equilibrium micro-discharge”, and the like. An atmospheric pressure glow
25  discharge is achieved by the introduction of an inert gas into the source.
| Depending on what is to be accomplished and the nature of the particulate
material to be treated. one or another of these activation sources may be preferred.
Alternative energy sources, such as a DC arc. including the so-called “cascade DC
arc”, can also be employed in low pressure activation sources.
30 Since many particulate materials are susceptible to damage when
heated above their threshold tempcr_ature.. either the treatment zone can be

maintained separate from the plasma creation region. and located further
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15  particle will be about 0.01 micron to 10 microns.

“Particle(s)” and “particulate(s);’ are particles substantially larger
than primary particle éize due to aggregation and/or agglomeration following the
initial manufacturing step of the primary particles.

Materials whose primary particle size is smaller than about 1

20  micron are especially susceptible to agglomeration. Typically, particulate organic
materials are available in the form of particulates that are substantially larger than
the primary particle size. These particulates consist of primary particles bound
together by aggregation and/or agglomeration.

While many particles are approximately spherical in shape, i.e., all

25  three dimensions are about the same, some particles are in the form of fibrils or
flakes. In fibrils, one dimension is sighiﬁcantly larger than the other two. In
flakes, two dimensions are significantly larger than the other one. In the case of
irregularly shaped primary particles, what is contemplated herein are those
particles whose ratio of the arithmetic mean of the three dimensions to the

30  smallest dimension is no greater than about twenty five. .

“Aggregates,” as the term is used herein, consist of primary

particles that are strongly bound together with chemical bonds at their poin'ts of



"

DETAI LS OF THE | NVENTI ON 15 PLASMA GENERATI ON
One skill | e art will appreciate the nunerous ways i rbﬁgm.l

pl asma- ac‘?g\?z)#%%gspeci es contenpl ated herein nay be generated. %%lms“”

i nvention i Scontact. Agdregates dre dypicaliynrglapselyidifficalt tg bseakapart inty atimeany sour ce.

On the contrary, an source can be enpl oyed whose use i s consi stent
with the des @mms(%le;mm %@ﬁgti‘cpf‘h?}&?’éﬂsn .A%?gafqﬁ@gﬁetg?lq 595 1% essure

i . ._ °n AREBTEEHRSPAREUAD BF I csc
Fadi ot on. al SR Of AERAY ol QEOHEIRng in pertbBRlThACRIB SRR | TP

di schar ge or phiticld sive(s) froinabgat twhytpi ealtimtisdarger then tlecsize ofithe primary ar e
known as "dielectric barrier discharge", "flow stabilized corona”, "non-
equi | i briim padiclesdi scharge”, and the |ike. An atnospheric pressure gl ow 25

Bepondi 9 on what 1.t SHsteincBARPERILSL Boehfing 35 the Sl BRIEE, 0111 0C
pendi ng on at is to De c n ure- i cul ate

et or red, . DR Baftclesin o8¢ adbelkied todtthd 1RERARE AU RIS, AR e g

t he so-cal | edntérpasticie forBE such as van der, Waals fortes electrostatiosyaul ¢apillasy pressure
activation sources. icul ate terials

30 . . Si
are suscept i BFideR- oAgglompEatgs eqpsist of pmﬁ@%'téagg‘g%n%@yﬁ‘%& .iy a4reRdfs tat are
tenperat y e, ek NeborndGobdihd A aikir  FORAS of 26nthe, Thef]eea;gﬂ’dxﬂ&%ieg e4h E6RaAL €

fromthe plasnma Creation region. an ocated furt

6 maigwhetsandstor milliens afprimary qertipdes (ape possiblyineng thasprdsofur e i s
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times larger than the size of primary particles. Generally, agglomerates are larger

than aggregates although this is not always the case. The larger the agglomerate.

15 the smaller the pfoportion of primary particle surfaces that can be treated by the
plasma activated gas species and hence the less effective the treatment process
will be. |

The. term “deagglomerated particulate (particle) fraction(s).’; or
simply “fraction(s)” means particles that result when agglomerated particles' are

20  deagglomerated in accordance with the following description. Deaggloinerated

| fractions are generally significantly smaller than the size of the parent
agglomerated particles from which the fractions originate, and can range all the
way down to primary particle size, dépending upon the amount of mechanical
energy imparted to the agglomerated particles.

25 The term deagglomerated fractions is not intended to include
primary particles which have been broken or fractured into smaller pieces. More
specifically. the process of this invention is intended to treat particle fractions that
are no more than about thirty times the average size dimension (arithmetic avérage
or mean) of the primary particle. More preferably, the fraction is no more than

30  wwenty times the average size dimension of the primary particle. Most preferably.

the fraction is no more than ten times the average size dimension of the primary

particle.



-t

particul ate materi als, generated by a nonequilibrium at nosphgrl Ssure
plasma- WO9728186ce can be used. Part?ﬁé’sg;ﬁé,
tenperatures and the reagy kyfsRRAET REréeiTreddglcthération” isindadEtha the t I eat nent
zone can be adjusted by controlling the ratio of the electrical power to
process gas f laverageparticte sizg/hasrinéreased 40 rhovedhirtyotimesthetaveragé ewtani cal power,
t he gas pressure.in the plas eation regio nd j.n the treatnment
zone. the produagnsigpof the pri PF@&%??W@S?A&?&?’%J?&@‘ﬁlHWitEB‘F% € feed
rates, and th ' . f : article have b found too ] PE}‘gallO: TERMS
10 %"L’laﬁgs‘zgrr?eu%eé’r"rﬁm*% ety part,clenr eﬁ&%’% ereinawi |l have
a size 5 Golcaimsianess tbbeishecessfully aeated by plysnmeartivated spériess The process

crystallization). The desired pri maréwpart icle size is typically
det er ni ned by offis apyeation exeudesihe treaimentplsiich puerlarge pagigle glampshas been

made. For 4 nstance, it w,l kb uee rtain optical..

mechani cal, or chem cal V%&o%%??(gl)al.’“% hgs %e%gfngl}/lz%&&g%ectﬁgp% mo‘?neaorﬂp?rﬁary 15
particle Wl fhepeieydf the BarticulateOnatetiallidclidiigiscoloration and/or chemical
"Particle(s)" and "particulate(s)" are particles substantially |arger

than primary changecinevhick enelcempenndduyeaesadomon and/ or aggl orrer ati on

foll owi ng. fhe Initial, manufacturing step of the primary partjcles.
Mat eri al s 1hose primary %&rﬁrﬁ?@{‘@tﬁ‘@e{agg’gnﬁl %ﬁ“‘%ﬁf&mﬁf"%a‘zg“mi‘m cron
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t hree di nensi . . nﬂ‘gg I el or m of
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particles, whalegradatomwathshetangenof ayeightperoenbyassus tempergiiure curvesugings e
rati o of the | t tic,nean of .the threg dinensions to th 0 S | est
di mension is g&?ﬁ?’ér%ﬁgﬁeggﬁﬁ%‘& S &Fs :two Basic mo.des Sféeatmenirg%
"Aggregates, " @sidlbe witliitHeSzone Of rdpfdein"whieR R Slhsrd isRtirédi@d, intrasource

treatment; and outside the zone or region in which the plasma is created.

20 downstream treatment.

By “plasma potential” is meant the apparent voltage that would be
measured by a high impedance voltmeter if one terminal of the voltmeter is
connected to the wall of the chamber and the other terminal is placed in the
interior volume of the chamber.

25 In the process of this invention, process gas is introduced into a
plasma generating ione. where electrical energy is supplied. creating plasma-
activated species. This activated gas is then utilized to treat deagglomerated
particles, intrasource, or is designed to flow out of this intrasource region to treat
such particles downstream.

30 : By “downstream” is meant that the particles to be treated do not
pass through the plasma creation chamber (or zone or region), but are introduced

into a treatment chamber located farther down the path of the already activated
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i nc: udic "y aﬁ‘@ﬂt%'&éﬁge"é’,mm]@df chét:%‘nqr}ﬁf%mﬁa‘r“f sdpuchas the car %ﬁ"%s’gan grer
VWaal s force C ' i < (v ' | oner at e '
consi st of %?P%?y&;ﬁ%?% l§§e’a&£ﬂ 6%@%%‘{0?{%6’8% Jat @g& ?ﬁg]tl elgg'g 10 we:tkl y

bound t oget bganidds. ietillic gabaiyds, phosgent aatbonfhesifidegyt pramdakemenallic cont ai n
many thousands or mllions of pri mar?/ particles i)and possi bly man
& ¢

t housands osarbonates Gyeh ayealeym carongleand godium, garborale)s ard iﬂ&!‘&eﬁalg with

effective particle size(s) ' [y § he skze of, primry
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t he pl asma act i \Byt Gotrgducingaativated process gasdntathe iteggtment chamber® t he
treat nent Process

. will be , .
"deaggl ormer &8 §P¢?rc’ﬂfr\ém?‘écl?gp§'ﬁﬁd¥ PEY VA, RO 825 Into %h&egt’%rem

chamber or introducing process gas into the treatment chamber and then activating

it within the treatment chamber.
| The method of this invention can be operated either at substantially
atmospheric pressure, which will be termed “atmospheric” or below atmospheric
pressure, which will be termed “subatmospheric”. The method can be operated at
atmospheric pressure either within the plasma source (intrasource), or in a N
treatment chamber downstream of the plasma source (downstream). The method
20  can be operated at subatmospheric pressure in a treatment chamber downstream of’
the plasma source. With respect to both atmospheric and subatmospheric
operation of the process of this invention, the particles are deagglomerated while
being pneumatically conveyed and dispersed into the treatment zone to maximize
the exposure of the surface of each deagglomerated particle to the plasma-
25  activated gas species.

Both the active species concentration and the degree of particle -
deagglomeration and dispersion are controlled to obtain optimum modification of
the particle surface by the activated gas species within the reaction zone of the
reactor assembly. The present invention preferably uses conventional reactor

30  materials, which are chemically compatible with the product being treated. If
necessary, materials especially resistant to corrosion and wear from the process

chemicals can be employed. If needed. liners or surface layers such as

10
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speci fi cal By. pigmeptgrinsbémefin manufachpiag: lower velatile engarig compounds (VRE) irc| e
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97/ 29156 preferred for use at subatmospheric pressures, the particles that have been surface-

PCT/ US97/ Q3629 . ’ '
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apparatus designed to maintain low pressure in the reaction zone when either or
15 both valves are closed, and closure of the valve adjacent to the reaction zone while
the valve adjacent to the outlet opening is opened to remove treated particles.
During subatmospheric operation of the process of this invention, the plasma-
activated reactive gas flows downstream into the separate pigment treatment
zone. The plasma potential, specific enthalpy, and heavy species temperature in
20 the treatment zone are controlled at levels that enhance rheology and/or tinting
strength, while maintaining critical pigment properties such as color at acceptable
levels. Control of the treatment environment can be further facilitated by
coﬁuolling pressure to below 1 Torr and reducing the temperature of the plasma
activated s‘pecies by use of diffuser plates which also serve to keep the pigment
25  separated from the high temperaturé plasma creation zone adjacent to the
microwave source. | '
~ Although a diffuser plate assembily is preferred to disperse the
plasma-activated species and to prevent thermal degradation of the particles in the
treatment zone, other equivalent mechanisms are contemplated. such as a
30  serpentine gas passage or the addition of a quench gas to quench the plasma. Ina
preferred embodiment, particles exiting a conventional volumetric solids feeder

enter a deagglomeration module which comprises, a mixing chamber, a motor

11
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proper%&yf’?&e particul ate material including discolorati (ﬁssglr(]n (9)r
chenmi cal drivencdpiage, 4 meuds folh iijectingoanpantrodiet namiiat oftoutrierighs through a
By "threshold tenperature” is nmeant that tenperajure at which
degr adat i onPeseus piate, an pltpasenically actyated ¢ign- Bransem Xaswm o ¥ et ri ¢

the T emper alQraTEp1s), Briviifpy B NSRL dagRRRR KRS IlaHERIIRASEA 0T | o O
wei ght (ot hercahapowsred bofa power supysly (€81, Dukanéipbwercsupply #20 Ae1g0D)at ur e.

This tenperature 1s defined by the 15 intersection of the tangent of the

wei ght Ser cbpon gnteting theanixing chamber the @apiclesrase partially deagelomenatad By t h t he

t angent of i ght. pergent versus fenper re cunpve durin

degr adat i on&é"ﬁ@ﬁ?‘é‘ﬁﬂ”ﬁ%‘ﬁ"ﬁ&?@eﬁ EQ% hg% .eaplagl.u{lé%bﬁég}eca%%%gy e treat ment
of Pakdries S Notihpkiob e teQitRo Wy plaREh&y lare Bravi tdwdrh thdllower® S
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t he l%d i%ﬁoélrgﬁ%%/%ﬁ ﬁﬂn%:fnge ? ec %g%@%ﬁbé ggs RidHe '&‘%%ﬂﬁahlk §c§ur?3§he
process of gdurgy towbined ovith the assthanigalmotion of the ioneis of shfficient intensityl asna
generating zone, where electrical energy . s supplied. creating plasna-
activat ed siodeagelomemats thecparticles gAg she P%’“Fh%ﬂ’q}f?ichqsi"e'@ the ofifigg the

deaggl onerated . . ...particgl [,R I .S | to fl ow out of
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By "downstr gapoidnieriBons dffedted! TheRBbhiésh deagptorheratin® fdredlivdiacedby the

pass through the plasma creation chanber (or zone or region), but are

i nt r odulded ultrasoundris presentripahereisinitrefithe prifise andewhile ready agglpmerated pat h of

the alr eadypﬁanft:itc: e\é %og?d normally tend to build-up and obscure the orifice, the combination

of the ultrasonically-induced mechanical motion of the orifice and the large
deagglomerating acoustic forces in the vicinity of the orifice deter such a B
tendency. The particles are then drawﬁ through the ultrasonically vibrated orifice

20  and passed through the center of the ultrasonic horn which is connected to a

 transfer line leading to an input port on the reactor. As the particles are

accelerated from the higher pressure regime in the mixing chamber to the lower
pressure regime in the reactor, gas entrained in the particles at higher pressures
will provide additional deagglomerating forces as will collisions at the higher

25  speeds. To function in this mode, this embodiment requires: (a) that the pressure
drop between the particles feed hopper and the mixing chamber be minimal; (b)
that there iS a sufficient pressure drop between the mixing chamber and the reactor
to accommodate the conveyance of the solid by the motion of the injected gas: and
(c) that the pressure in the mixing chamber be sufficient so that the ultrasonic horn

30 is efficient in conveying acoustic energy into the mixing chamber (i.c., >500

Torr).
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chanber or i nififigdedi Nng process gas into the treatnent chanber and then
activating it within the treatnment chanber. 1 5 The
nmet hod of this inventi onlheomhinainerafiasificeisizecand seladvapressure between the

at mospnor 10 " mxing ghambr & Wsroahin e RAmBer coP R hase AASh REE b
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pl asma source (1 ntrasource), or in reat ment chanber downstream of
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pl asma sour ce WRSPRICSPETZIZRg P%ﬁﬁd?ﬁ%taﬂﬁg?mé‘i’? erl ?MISSPmHﬁeri c

oper ati on of LRERIBER5 i gaHaftidC HEMI ek OF 1R il £t A&

deaggl oner at e ei'ng pneunmati cal 'y convey fosnpersed into
the treat p®nt chaxnbers @onAitutaiazgechanism for introducing the particles into the reaction

zone in a manner to effect particle deagglomeration and dispersion.

It is a feature of all embodiments of this invention that
deagglomeration can be accomplished by one or a combination of mechanical
means, ultrasonic vibration, electrostatic means, and the throughput of carrier gas.

20  The preferred process, where the particles being treated are pigment particles. will
create an effective residence time of the particles with the activated species of less
than about 2 seconds. A primary benefit of the process of this invention is that
particulate behavior can be modified to effect desirable changes in surface
properties without causing irreversible 'degradation.. It is important in the

25  successful practice of this invention to treat as many of the primary parficles
contained within the agglomerates as possible. It is equally important to control
the temperature of the particles so that the threshold temperature of the particular
material being treated will not be exceeded. Each material to be treated has a
threshold temperature that can be predetermined, either from the literature, e.g..

30 from its reported Tg value, or can be determined by experimentation. Of special

interest is the treatment method in which the particles are pigment particles.
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The carrier gas can be the same or different from the process gas. The process gas

=)

15  is the gas from which the activated species are produced by the activating plasma.
It is contemplated that more than one carrier gas and/or more than one process gas
can be employed. It is not always necessary to employ an inert gas in the
operation of this process, although this can be done if desired. Use of an inert gas,
such as helium, is preferred in the downstream atmospheric pressure embodiment.

20  Contemplated process and carrier gases will depend on the nature of the '
particulates being treated, on the method of treatment (atmospheric or
subatmospheric), and the surface modification desired. As discussed in more
detail hereafter, process gases can be selected from oxygen, nitrogen, water vapor.
hydrogen peroxide, carbon dioxide, ammonia, ozone, carbon monoxide,

25  trimethylsilane, tetraetoxysilane (TEOS), hexamethyldisiloxane, ethylene
diamine, maleic anhydride, arylamine, acetylene, methane, ethylene oxide,
hydrogen, styrene, air, sulfur dioxide, sulfonyl precursors, phosphonyl precursors.
alcohols and includes inert gases such as helium and argon. Carrier gases can be
selected from the named process gases. Under certain process conditions, when

30 activation of the process gas prodixces short-lived activated species, particularly
where atmospheric pressuré treatment is effected in a downstream embodiment. it

is preferred to employ an inert gas, particularly helium. to assure availability of

14
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serpentine gas passage or the addition of a quenchh gas to quench the

pl asma. In a presentpneingione dlkerbbatiiments copyrise sindlar elementsy bat areangedtin onal

volunetric solids feeder ent er a deaggl.oneration dul e whi ch
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anount of carrier ga rol por o l'at'e, trasonically

activat ed 1o i f assembby., §. complising afeeder; 3Famba dedgglomerati®®nidlidle23D) , driven
by an ultrasonjc transducer, ( eé(?' , :Dukane transducer #
introduces deagglomerated particles into a reaction zone, 2Z, of reactor, 2. Ina

second embodiment, a feeder assembly, 3°, comprising a feeder, 3F’, and a
' deagglomeration module, 3D’, introduce deaggiomerated particles into the plasma
creation zone, 1Z. which in this embodiment is common with the reaction zone.
20 2Z. A collection assembly, 4, collects the treated particles. A gas removal
assembly, S, comprising a gas/particie separator, 6, and a gas moving device, 7.
removes the gas and residual gas-entrained particles from the reactor assembly. 2.
The gas moving device, 7, can take the form of a vacuum pump or a fan unit.

Figure 2 depicts a first embodiment of the apparatus of this

()
w

invention, comprising a system control unit, 12, a reactor assembly, 20, a
microwave plasma generator, 40, a particle feeder assembly, 50, a particle
collection assembly. 70, a particle separator assembly, 80. a vacuum pump
assembly, 90, a source of process gas, 100, associated filter. 102, associated mass
flow controller, 104, a source of carrier gas, 1 10, associated filter, 112, associated
30  mass flow controller, 114, a source of cooling water, 120. and a source of
pressurized air. 130. The system control unit, 12, which can be any conventional

control unit such as a programmable controller. monitors process conditions via



41 C27), powered by a power supply (e.g., Dukane power supply # 20 A 1000).
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into the M %eadionHdREEIOR, iof eactora8éémbly, 20. TPid particle feeder assembly, 50,

comprises a Model KW2MV-T35 screw feeder, 306, equipped with a 3.5 cubic

foot conical hopper, 308, fitted with a bridge breaker (rotary stirrer), 310, from K-

20 TRON North America of Pitman, NJ. Stirrer assembly, 310, is driven by an
external drive motor assembly, 60. The screw feeder mechanism. 306. driven by
motor, 312, can be used to convey partially agglomerated particles to diffusion
manifold, 320, and deagglomerating/ dispersing mechanism, 322, which feeds
reactor, 20. The particle collection assembly, 70, comprises an airlock collection

| 25  assembly, 74, which comprises chambers, 76, 78 and valves, 77, 77° , and

facilitates removal of treated product from the reactor assembly, 20. into a
receiving container. 400, by conveying means. 402. without interruption of the
treatment process. The particle separator assembly. 80. comprises a cylindrical
filter housing. 82, which holds a suitable filter. 82F, such as a cartridge or bag

30  filter, and a flanged pipe assembly, 84, having a side port, 84P1. A filter shaking
mechanism, 828, driven by motor, 82M, can be used to periodically shake

accumnulated particles from filter. 82F. A pressure sensor. 14, is connected to the
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primary benef i3 e proces I'nventron 1
15  particles form a vacuum seal allowing feeding of particles in continuous process

o~

mode. The rotary stirrer, 310, driven by motor, 60, is provided in the hopper to
avoid loss of vacuum seal via flow induced channels opening to the atmosphere.
Feed from the feeder assembly, 50, to reactor inlet includes mass flow control via
a transfer line, 213, and diffusion manifold, 320, wherein carrier gas from mass
20  flow controller, 114, is mixed with the particulate(s) forming a fluidized mixture
which can be moré finely divided via a deagglomerating/dispersion mechanism.
322. at the reactor inlet. Carrier gas utilization is minimized to lower
vacuum/filter requirements. The mixture of carrier gas and particles enter the
reaction chamber at high velocity. The expansion of the carrier gas as the mixture
25  enters the reaction chamber further disperses the particles. Some deagglomerated
particles impact the wall of the reactor assembly and their niomentum causes them
to break apart and form a cloud of highly dispersed particles in the volume of the
reaction zone.
After treatment, product falls to the bottom of the reactor into the
30  collection assembly, 74, for subsequent removal from the reactor assembly vessel
to a receiving container, 400, at atmospheric pressure. The chamber, 78. is

periodically emptied while chamber, 76. continues to receive treated product, thus
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particul ate behavi or can be nodified to effect desirable changes in surface

pr oper tywpy7mbisgout causing irreversi bl e degradation. It i%c‘rﬁf&%@i%@i in the
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speci al interest,.is the treatment method. jn which the particles are
pipg ment 3 part? imaximize ysxeld o% prod%ct. he upward angne (91' tlie appendage, 26A?of the Y- 13

VD 97/ 2915 : - et
PCT] Uso7] 0 FR8ksd section, 26, is preferably incliggd at gl PeverndS el R At e are

pi gnent  pardbioeé fife, horizontal to minimizecthe afmdint 6f RBidDAlPaRicIBEWhREREAcHE e Of the
particles below that at which a pi gnent color -shift will occur.

Pi gnent parftifegpsembly treated by the process of this i nvention to
functionalize their sycfaces to,co enent the pignent di spergant 5 t hus
enhancing the long te Hg o ag(})d’?tﬁgd’l’:%'tsgﬁn?\%ﬁ'gn&f]l?racﬁ'g?rtﬁ &% ons.

Addi ti gpal speQBeintd dswittrehepihdin pidebfiofinde GRS by eaol?rtag mstq‘aQ?Py
surface treatment include enhanced rheol'ogy, mnhimzation of color

drift. i nprobevithinthe plasma genemtoytand dydnsiritigithe gasrtzwmbe hasanmalva- ef f i ci ent

dispersibility .in the coati bi nder.. . . . The process of
thig inventsmﬂ%ﬂb ace f@g%. ¥ uartz tubgis typigatly cooled using vortex tubesp such

as Model 10604-H from ITW Vortec of Cincinnati, OH and can be periodically
smoothed using a hydrogen fluoride (HF) etch. See. for example, Thissell,

15 Process and Control of Selective Area Laser Deposition from Methane and
Hydrogen, Ph.D. Dissertation, Univeréity of Texas at Austin, December 1994.

Figure 3 depicts a second embodiment of the apparatus of this -
invention comprisfng a system control unit, 12, a reactor assembly, 20, a |
microwave plasma generator, 40, a particle feeder assembly, 50", a particle

20  collection assembly, 70, a particle separator assembly, 80, and a vacuum pump
assembly, 90, a source of process gas, 100, associated filter, 102, associated mass
flow controller, 104, a source of carrier gaé. 110, associated filter. 112. associated
mass flow controllers. 115, 117, a source of cooling water. 120, and a source of
pressurized air, 130. :

25 The system control unit, 12, which can be implemented by any
conventional control unit such as a programmable controller, monitors process
conditions via transducers, 14, 16, and controls process parameters via control
signals, 17, 18, 104C, 115C. 117C. The reactor assembly, 20, similar to that of
Figure 2, is a generally cylindrical structure comprising a plurality of flanged pipe

30 and tube sections, 22, 24, a Y-shaped flanged section, 26, and end cap. 25. The
pipe section, 22, has a plurality of threaded side ports, 22P1. 22P2, 22P3: see

Fig. 5. The microwave plasma generator, 40, is a commercially available
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vapor . pontaingels rsmpmd end emplieshof wated preductroni a, ozone, carbon
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acetyl ene, nehhiigs, 82! WhichNRdIAK4 Sftable camdlgxdneaem SEH /M exiahﬁdedsm fur
di oxi de, sul fonyl precursors, phosphonyl precursors. al cohol s and
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effected in a i rent . erredto e
i nert gasls paMneu{cﬁmte;d dredmeumie 6bpc&s,584rPe awmohwdm thé pyessidre in the filter

- housing. A valve, 15, one side of which.is open to the atmosphere, can be
connected to port, 84P2, and is typically used to momentarily back pulse the filter
cartridge, 82F , to remove accumulated particles. Pipe assembly, 88, connects the
separator assembly to Y-shaped pipe eectibn, 26, of reactor assembly, 20. The

20  vacuum pump assembly, 90, can comprise any suitable commercially available
vacuum pump, such as described in conjunction with Figure 2 and is connected to
particle separator assembly, 80, by a suitable pipe, 92, typically with
commercially available vacuum apparatus flange connections.

Figure 4 depicts the particle feeder essembl_v. 50°, modiﬁed to

25  relocate the gas inlet assembly, 52, to remove the powder pickup tube and reduce
the area of the powder aeration plate, 58, to incorporate the addition of a stirrer
assembly, 54, one or more ceramic balls, 56. and a particle screen assembly. 203.
Stirrer assembly, 54, is driven by an external drive motor assembly, 60. Mass
flow controller, 115, supplies carrier gas to inlet port. 209, through vaive, 116.

30 Mass flow controller, 117, distributes carrier gas to inlet ports. 210. 211, of feeder
assembly, 50’ through valve, 118. Particles are loaded into the reservoir. 205.

onto screen assembly, 203, through hopper-top. 201, which is secured by clamp
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i nventi &h, oreeniand impreasingthe sieying actionu Pattjally2leagglomaratast particlessieye 20, a
m crowave plasma, generator, 4Q . arti.cl e .feeder assenbly, 50 article
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deagglomeration. Valve, 119, between hopper and reactor, opens to allow the gas

and particles in the area, SOL, to be pneumatically dispersed into the react'c;r'j
Flow control is further aided by pneumatically vibrating the hopper assemﬁiy.

20  powered by pressurized air, 130. . |

Particles are deagglomerated and dispersed by simultaneous action

of the following: mechanical stirring with ceramic balls and sieving through
screen assembly; controlling the pressure difference between the upper particle
reservoir, 205, and the lower region, S0L; providing sufficient carrier gas through

25  ports, 210 and 211, to provide sufficient mechanical energy to fluidize particles in
the lower portioh, 50L, of hopper and transfer particles into the reaction chamber
without inhibiting overall reduced pressure in the trcatment syStem. Pressure
difference between reactor and SOL region will cause fluidized and partially
deagglomerated particles to enter transfer line. 213. where they are pneumatically

30  conveyed and accelerated toward the reactor. This rapid acceleration causes high
speed collisions of the particles among themselves and wiih transfer line walls and

the carrier gas to effect further deagglomeration. Another deagglomeration/

20
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15  resuit.

In Figure 6, the three diffuser plates referenced in Figure 5 are
shown. The diffuser plates are commonly constructed from quartz, whichisa
material benign to the process and beneficial to the flow of the desired radical-rich
stream of activated gas species. The top diffuser plate, 46 (Fig. 6A), is oriented

20  below the opening of the ASTeX downstream plasma generator at a sufficient
distance to allow the plasma stream to cool to prevent melting the quartz plate.
The center of the top diffuser plate, 46, is removed to allow the high velocity. high
energy gas species to enter a series of diffuser plates with offset openings or paths
for the gas species to increase the number of collision-s between the plasma

25  constituents and the plasma-compatible diffuser plates during their migration °
toward the particles to be ﬁeated. The increased collisions of the gas species
induce recombination of the ions with the electrons, leaving a radical-rich stream
fof interaction with the particles to be treated. Quartz is typically used to
construct the offset paths for the diffuser plates to maintain the radical-rich

30 stréam, but other materials benign to the process and compatible with the
activated process gas can be used. In addition, the holes cut into the bottom

diffuser plate, 48 (Fig. 6C), are progressively smaller in diameter for the center
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16 V\D Rot/shewn6The reactor assembly, 20, which is essentially the same as that shown

PCT/ US97/ 01629 port, 84P1, nitor the pressure on the vacuum pUrrp
side of theinfiguee2,iipshonm masuqtp{h?':[eg,?' mﬁh%gamp{eﬁee%mm Bly. 8, isconnect s

the separat Shifdr (fﬁm W Hﬁgure 2. ?R@&?gﬁ%de?ﬁécha%sﬂ Zﬁf@iaﬁﬂgefgﬁ tion, 26,

of reactor asse
motor, 312, conveys agglomerated particles to the deagglomeration module, 500.

15  which feeds reactor, 20. The particle collection assembly. 70" . comprises a
chamber, 476, a valve 477, a screw feeder mechanism, 456. driven by motor, 462,
and a pneumatic cdnveying assembly, 402, wfxich facilitates removal of treated
product from the chamber, 476, into a receiving container, 400, without E .
interruption of the treatment process. The pneumatic conveying assembly, '402,

20  comprises a source of conveying gas, 404, such as nitrogen, a first valve, 406, a
second valve, 408, a vacuum pump, 410, a filter assembly, 412, line .414,a
transfer line, 416, a third valve, 418, a filter assembly, 420. a fourth valve. 422
and a ﬁﬁh valve, 424. The particle separator assembly, 80 . is similar to
separator assembly 80, with the addition of a cyclone separator, 481, and

25  associated collection container, 481C. The cyclone separator, 481, removes most
of the particles from the pgrticulate-containing gas stream which flows toward the
vacuum pump, 90. This reduces the number of particles loading the filter, 82F.
and thus minirﬁizes the pressure drop across the filter, 82F. The relatively smali
quantity of pigment particles collected in container, 481C. can be manually

30 removed or conveyed by mechanical means to the receiving container, 400. One

or more optional diffusion plates, as indicated by reference numeral, 548. similar
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deaggl onmer ati ng/ di sper si on nism . at the re I nlet.
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After treat meRerticinsdmpast theawell of the feactopessembly and heir saementumgaysestbe®o

coll ept i on @S5Gl et | eadl BERL°Rogh HERNRy h O AAIY G54 Bio B ooToLY
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- chanber, 78. lelume 20Vpsf thedeaetdr] 20 eindtihecchafiibes, 476aHeRigh Vdlve, dgm! wawhs t 0
receive treated product t hus
is normally kept open. The chamber, 476, is periodically emptied into the

20  receiving container, 400, at atmosphenc pressure. Valve, 477, is closed and
chamber, 476, is emptied while the bottom volume, 20V, of the reactor, 20,
continues to receive treated product. Valve, 477, is then opened. thus effectively
removing treated particles from the reaction chamber continuously.

When the level of the particles in the chamber, 476, has reached a

25  predetermined level an emptying cycle is initiated. At the start of a cycle, just
after valve, 477, has closéd, valves 406. 418 are in a closed state. Valve. 408,
which was open to permit vacuum pump. 410, to evacuate chamber, 476, to the
same low pressure level of the reaction chamber. 20, is then closed. Valves .406.
418, are opened and motor, 462. is energized to cause screw feeder. 456, to feed

30  particles to the output port of chambér. 476. to transfer line. 416. Gas source. 404.
causes conveying gas to flow through line, 414, into chamber, 476, and causes the

particulate-containing gas stream to flow through 416, toward the receiving

~
W
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Figure 3 depicts a secon I ment t he appar at us

i nvention c@igsmassongceaBsaiisthe peneration bf activiatedighs specieswmith b phiaigduice 20, a
m crowave plasma generator, 40, a particle feeder assenbly, 50 , a particle
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carrier gas.mddesDuedimenrrats Cthellowipeéssufelkquidehéti lcau_ta e¢hdily be

15 accommodated. At higher treatment rates, higher capacity more expensive

vacuum systems are required. It would be desirable to climinate the need for the
vacuum system by modifying surfaces of deagglomerated organic particles at
atmospheric pressure. Typical equilibrium or thermal plasmas created at .
atmospheric pressure exhibit high temperatures which can thermally degrat?c the

20  organic particles. Inherently low temperature activated gas species generated by
nonequilibrium atmospheric pressure plasmas sources have been used in the prior
art to modify surfaces of temperature sensitive organic materials without thermal
degradation. Readily agglomerating organic particles can be treated with such
nonequilibrium atmospheric plasma sources when the powders are first

25  deagglomerated to increase the surface area exposed to the activated species. This
process can be accomplished by either of two alternate embodiments: by treating
the deagglomerated particles downstream from the plasrﬂa source employing the
apparatus depicted in Figure 8, or passing the deagglomerated particles directly
through the source. employing the apparatus of F igure 9.

30 Figure 8 depicts an atmospheric pressure process using a dielectric
barrier discharge source. 540, similar to that known in the prior art. to create

activated species for treating particulates in a reaction chamber, 20. downstream

24
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2. An optional diffuser assenbly can be used, as previ ously di scussed.
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typically ange vacu ttach ctor

assenbly, is deskedf pl’ocess@kehxb@shpplfeddxmn aburoe, 550, througtevrlie,issg, dinectly
reactor to be returned to atnospheric pressure while the collection

container is techerpst 698dtosnpintaiy hoppery e0f, atyths sgmeqressure as deagglomeration
module, 500. A mixer, 630, which can take any convenient form, is provided to

insure a steady flow of particles to the screw feeder, 306. In this embodiment
15  which operates at atmospheric pressure, the vacuum pump. 90, may be replaced
with a exhaust fan, 90°.

An optional diffusion ﬁlate, 548, similar to diffusion plate, 48.
described in conjunction with Figure S. can be used to prevent the particulates
from entering the plasma source, 540. A source, 560, of either a single process

20 gas (When long lifetime activated species are generated) or a ga§ mixture (when
short lifetime activated species are generated) can be used, as previously
discussed. In the downstream approach the plasma gas is activated by passing it
through a nonequilibrium low temperature plasma source, such as a dielectric
barrier discharge, thus creating plasma-activated species capable of modifying the

25  surface of deagglomerated organic particles without irreversible thermal

| degradation of the particles. In this embodiment, plasma-activated species created
in the source are utilized downstream in a separate reaction zone. For long-lived
species, a single gas can be fed to the plasma source for creation of activated
species. Ozone, an example of a species that is stable at atmospheric pressure

30 near room temperature, can be created by disassociating molecular oxygen via
silent discharge in a dielectric barrier discharge plasma source. When activation

of a particular process gas produces short lifetime activated species. a mixture of
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typically with cléimbelieved that thediluting @as trduces the probability of ange
connecti ons, R ‘o ' pi article feeder
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onto SC{ en,assenbl;/, 203 t rouglh hogger-tog. 201, ich is secured by
cl anp into the plasma source. By using app priate power and voltage {oactivate the

plasma, an activated gas species of sufficiently low temperature can be introduced
into the reaction chamber.
Deagglomerated DPP red pigment particles can be introduced into
‘the reaction chamber and exposed to activated species. Surface modiﬁcatid;i.

20  without thermal degradation of the particles can occur prior to substantial
reagglomeration of the particles. In this embodiment, the pigment can be kept out
of the plasma-activation region by sufficient plasma gas flow rate and/or use of
diffusion plates. '

Figure 9 depicts an atmospheric pressure process using a dielectric

25  barrier discharge source, 640, similar to that known in the prior art, to create
activated species for treating particulates in a reaction chamber, 620. within the
plasma source, 640. In accordance with this intrasource embodiment. the
particulates are first deagglomerated as described in conjunction with Figure 8 by
feeder assembly, 50™°. which incorporatés the deagglomeration module. 500. In

30  this embodiment a source. 550. of carrier gas feeds the deagglomeration module.

| 500. through valve, 552. If desired, process gas can be supplied from source. 550.

through valve. 553, to hopper. 608. to maintain the hopper. 608. at the same

26
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Pressure ference between reactor and 50L region will cause
flui di zed andlesaimpertan than with the downstream configuration. In the intrasource
20  embodiment, either a single feed gas or a mixture of gases can be used. Blending
~ the feed gas with increasing amounts of a gas such as helium causes the silent
discharge within the plasma creation volume to be converted to an atmospheric
preésure glow discharge. The surface modification of the particles occurs
substantially completely within the plasma generation zone but can continue
25  downstream if sufficient gas activity remains prior to substantial reaggiomeration
of the organic particles. Energetic electrons and photons generated within the
plasma source can cause additional surface modifications of the particulate
material. |
| In a typical intrasource embodiment, the surface of deagglomerated
30  DPP red can be modified by passing the pigment particles through a dielectric
barrier discharge source while simultaneously activating the plasma gas within the

source with an appropriate level of power and voltage. The plasma gas can consist
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effect. Q'here can be as tew as one plge in any orientation | ocat ed
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reaction chanber. The p]ate n be of and n,pattern to
effect this 1 5 resuftgure T0 sifustrates an afterhate fegq%ﬁ ﬁ%f 5@, t‘%’c ¥ ee
diffuser pl aigshfy GLePNaaRkn fed bdhfresinFi@ess of two atmospheres are required.

It is believed that the rotary valve arrangement of Figure 8 is unsuitabie for such

15  high feed pressures. This feeder assembly. 50°", comprises a two stage “airlock™
arrangement comprising bin, 704, first valve, 706, first hopper, 708. second valve.
706’, and second hopper, 708°. If desired, process gas can be supplied'frorr} -
source, 550, through valve, 553, directly to hopper, 708", to maintain hopp:e;_,-
708, at the same pressure as deagglomeration moduie, 500. o
20 Figure 11 illustrates the details of a typical embodiment of the
deagglomeration module, 500. As shown in this figure, the deagglomeration
“module comprises a mixing chamber, 502. for mixing particulates from screw
feeder, 306, and receiving carrier gas from a source, 550. mechanical stirring
means, 504. a porous plate, 506, an ultrasonic horn, 508, energized by an
25  ultrasonic transducer, 510, powered by a power supply, 512, and an outlet orifice,
514 , wherein the pressure in the mixing chamber, 502, is maintained above the
pressure in the reaction chamber, 20, (or 620 in Figure 9), and wherein the region
immediately adjacent the outlet orifice, 514, is ultrasonically agitated with
sufficient energy to prevent plugging of the orifice by the particles and to facilitate
30  deagglomeration of the particles. the pressure differential between chamber. 502.
and the reaction chamber, 20. carries the deagglomerated particles into the

reaction chamber. Particles that readily agglomerate tend to form bridges when
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21 WO 97heMi548 general outline of experimental procedure follows: CO, process gas was
PCT/ US97/ 01629 | ine of the structure than those in the upper diffuser
pl ates, 46 arf¢d4e an@ASleXomjcrowgve downstagam seuree Whichczgated a low-peassuisi ons

and o mini ni BERFRe e Bih? P enhde BRI regon * T arti Cul ates
being treated. This highly excited plasma exits the high field region and begins
15 recombination while flowing into the reactor. The red pigment was mixed with
CO, for injection into the reactor volume. Pigment from a hopper was conveyed
via carrier gas through a transfer-line into the reactor volume where the resulting
pigment/gas mixture contacted the activated gas species thus modifying the
pigment surface. Treated pigment product was separated from process gas and
20  collected.
Example |
A red pigment having Chemical Abstract No. 84632-65-5 (Ciba-
Geigy) and the chemical formula, pyrrolo (3.4-C) pyrrol-1, 4-dione 3,6-bis(4-
chlorophenyl)-2. 5-dihydro-(9Cl) and having a primary particle size of about 0.6
25  micron, was treated at subatmospheric pressure. using the batch process apparatus
of Figure 3, as follows to improve rheology, gloss, and tinting strength while
maintaining color within an acceptable range of a paint composition incorporating
this pigment.
Plasma-Activation Process Conditions:
30 System pressure, 1.9 Torr
Pigment Feed Rate, 1.2 lbs/hr

Carrier gas CO,. 2 1/min

29



5 Figure 7 depicts a sinplified view of a third

- enbodi Mg 9@derédre apparatus of this invention, sim lpgipmsd7/ 002y Ways
to the first and second .enbodi nents. This enbodiment utilizes a -
particl e feedeProgessgasiGO,Smighi ch i ncorporates a deaggl oner ati on
nodul e. 500, a | I jon assenbly, 70", a particle

separ at or asseﬁ@?{?waggﬁoggléﬁgﬁyvacuum punp assenbly, 90. For 10

sinplicity Pafintiddmpdsitidd:on. sone el enents common to the earlier enbodi ments
are not shown. The reactor assenbly, 20, which is essentially the
sane as that shown 1. iSolweofiblend 35i&t whihwn in a sinplified form The

articlg feeder assenbly, "meab S imlar to that shown in Figure 2.

'FI)'he scraw f eeder mchan?sﬁ%"ﬁ?‘?\?@ﬁ%ﬁ%“ mot or, 312, conveyg

aggl onerated particles to ﬁ_t&gfﬁc;@&ggemrsad%% nmodul e, 500. 15 which feeds
y

reactor, 20. The particle collection assenbly. 70" . conprises a
chanber, 476, a valve 477, pangdaesatepeder nmechani sm 456. driven by notor.
462, ahd a pneumati c conveying assenbly, 402, which facilitates

renoval of treated 2. pHsorlispolyraer dispersantsaivtion 43.83% nto a recei vi ng
cont ai ner, 400, w thoyt . ] nt tion of the treatnent process. The
pneumatic conveying a 'senbﬁ?,meﬁ‘[gﬁw - conprises a source of conveying
gas, 49¢, mtﬂiﬂ{mcba&gemeﬁsﬁfaesMdmhaﬁion@_fi, a second val ve, 408,
a vacuum punp, 410, a filter assenbly, 412, line 414, a transfer
line, 416, a third valkesboveghres irigredients yesepiemixedifod 15aminotest thewal ve. 422.
and a fifth, val,ve, ,424. Th acticle separator asse . 80_, is simlar to
separ at or &é@@m?bgéfe’ﬁwﬁer&?é“%mﬁﬁﬁﬁam g"@?‘iﬂ)ﬁé’é‘bﬁ?’épor, 481, and
25 3sSOCkhaks ld (e ShRIMIRALA & piblined B Llior diRefiritt PliSperEBAL 240! . 461,
renmoves nost of the particles tromthe particulate-containing gas

st r eam whi Moddl R¥ETDORBrdokfield viscometarovasruspd tpmeaire sheasvisesbitydsy t he

nunber of particles |oading the filter h%EF and thus_mninmzes the
pressul® dusinedt, yindle,a lrpm rotatiog speedr{@lasg measupementayas ade using yuant i t y

of pignment td I > ehy | l , | 30
Cemoved or EORGEage Bt BRAERIR MBI, I hotee SRR COBIRENANRY. 10
One QoldHheasupémeéitavasthiddeussinga MAC slorinseterBy DalPoft Bygihédritigence
nunmeral , 548. simlar L . Co
Laboratory, Model Series 5 for measuring color at L* (brightness). a* (red-green).

b* (blue-yellow). White dispersion for'tinting strength (mixing with red
20  dispersion): TiOz 16.04%, total solid 38.64%.
Product Testing:
Most commoii!y observed viscosity using the Brookfield
viscometer:
Untreated Pigment Treated Pigment
25 Poise 180 20
Gloss was measured by taking sample of the color concentrate and
putting it in a #5 drawdown bar from Gardner Co. to produce a film of about 10
microns thick which was air dried for about one hour before measurin_g the gloss.

Gloss measurements:

30 Observation Angle  Untreated  Treated
20 degrees 7 20
60 degrees 50 _ 63

30



WO 97/ 291 _ ' :
PCT/ US97/ &8295’2”“ to diffusion plates, 46, 47, 48, descri NIYWMG”
conj uncti on WCblor meast@nient: Ty be used to prevent the partl cul ates
fromentering the plasma_ source. he apparat us of

Figure 7 is useful to o@a&t”éthéht?dﬁt‘ﬂ’m%@ V}fﬁsd@éi%ahe”he colwéms"eqn ‘é(b@b are

conveyed fro Q as
descri bed i n%ﬁf"%ﬁ’g&”gg %\ﬁ*% Llogﬁﬁglnl}:&% g’% rom daS%ﬁ‘ ni- CMFSSI%%'EpCé)

308, to the dpaRoBwasPrspaledbsiBéos 8i fon, llQV%lid)ﬂ)dl?ﬂeb&xsﬁeﬁﬁﬁ%&Mufh%ﬁder
306. The deaggl onerati on nodul e, 500, receives the aggl onerated

particles,d mi #ad2% solvent.hem with car r| er gas, passes them t hrough the

ul t r asoni cal | y agitated t Fi e 11) where
the particles are deaggl-lg\lﬁe gﬁﬁﬁwfhgﬁx?‘eé‘?é‘a# éa&gt ¢ 20.
Carrier gas Ujuldigéthi aﬂﬂ bs e Yirkid £ Bikell P 124 FFoP30 H?&h:esf | EOfoPwaz 4. 1O

mnimze the vacuum requl renents | e mal ntal ni ng t

particl es i n measuredaghingglredretandard btthtkC cdloametert The results aerd: er gas and
particles enter the reaction er, 20, at high velocity. The

expansi on of Plagmazireated S@%leasdlt'i‘ré)% )@PUTLD 10,db*=094 s the reaction
chanber dinspe i cl f Ok C di spersed
parti cl egmlsn gé?/%?ga&ﬁ) th@?ﬁmﬂg |d§ng§g'ﬁg g mle%f(‘jeagrﬂfg) e}%{h

particles inpact the wal(oabiva ereach diesanfsshad®liging Nets of eerpighemntTHY causes

t hem to break apart to aﬁgreater degree. After treatnent, product
‘falls to the Brocedie follows. Takethe coloycorgentrate and smixoyith white disgersinno

chanmber, 476. u The
chamber 476 MR BHERARs Y61 10" Bl ey on alubBSRRneto HiEhe ORER: A,

400, at at nDSPpPSFiig aRloves forS0 Mahits. Médsuré §ol6t By RA8RBlorimeter. IDSHRET . 476,
is emptied while the bottom vol ume, 20V, of the reactor, 20,

conti nuedst o 0%@%41%@%@9!@&39 feoan 813 to\fs$ Jess thenuntieated h Thisepresented Aus
effectively noV.L N tre tefdb&ﬂégd/d es fromthe reaction chanber
conti nuousl y. increase it fnting strength of a HdP%Evel of the particles in the
chamber, 476, pRanplegached a 25  predeternmined level an enptying cycle is
initiated. At the start of a cycle, just after valve, 477, has

cl osed, val veBertindo ridr8ompigment (a lrtmad:nﬁd)daavi\iglﬂweChﬁﬁ&al Abstract nftneh was

t . 410, 1t t 47 to th
Same | ow pr osSib@aHSrnper itk 2H AR e 26 ety O RInER 0. vl ves
406 50 A GarfDRAEA Yol Hinichti wab heRRE BIkABEb LAY HesBEESY

f eeder.

using the batch process apparatus of Figure 2.
Plasma-Activation Process Conditions:
System pressure, 2 Torr
Pigment Feed Rate, 1.7 lbs/hr
25 Carrier gas CO,, 0.2 1/min
Process gas CO,, 0.1 1/min
Microwave Power, 400W
Paint Composition:-
| 1. Solvent blend, 39.66 wt.%
30 (71.25% of xylene. 23.75% of
n-butyl acetate and 5.0% of

p-amyl acetate)
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30 particles to the output port of chanmber. 476. to transfer |ine. 416.
‘Gas SOURYE 97/46¥46 causes conveying gas to flow throughctis§emegi?. 1 nto
chanber, 476, and causes the particul ate-containing gas streamto * -
flow through 416, towdrd t Hecrylie pplymeydispersant solution 46.43%

23 WD 97/ 29156

PCT/ US97/ 01629 éOnt aiPA%?‘Fnﬁ%.g”(?al ve, 424, is open allow ﬁg excess
gas to vent through fipkdity MeasuréfnéftRelativé HansiaverddyendaBEsIRRHaSe ofN1EN
chanber, 476. is enpty. valyves. 406 and 41‘;8, ar encl oseg an \?al ve,

408. is opedrawdoparfilint o Mylamwetemeasyed vsing ColorQuestnby Hunterleabahitat e
chanber, 476, e sape | ow pressure as reactor, 20. Valve. 477. is 5

t he {1 olpénegi‘qs’i‘%F{SQY‘é%é:W ;‘:451‘"[%&‘:1‘1;%;2 &l,’:g i‘éPFrﬁ‘Bn (‘,‘F@a&’éda@f’ "a?@tﬁﬂiﬁ?r as edb
particles : p of gas by
openi ng val veefhﬁgff}@orl'a sﬁ%é]ﬁdfe pe??ggw géh??%g%&l SBM :

The appar at GeindingfRrocudure’ Aften Stefacet Modifiedtiome nodi fy thernal |y

sensitive deaggl omerated particle surfaces, such as organi c powder surfaces

ina 10 downstream dhBddnaredienty wengprernixed Sor 15t mimytes. | Thesamiplewasi ng a

| . . h th fi f tivated

spectes w titin it Efof B 850 efafle britfoBE TR @b By FasmtitE ‘Al 1 o1 s
requir qpuse pﬁo@@% %&io&ﬂﬂé‘fxérﬁrﬁﬁdph sample ofhg gf%lﬁnﬁ&ﬁ?e 'rgb%gggus ly

mai ntai ning a suffti ly low pressure. At relative
treat ment rtakemseachtour.cvdrawdownron Mytaniwas meade. aralrelative idansgaeent $ of the

accommodat ed. At hj,gher treat rates,. higher capacit re expensive
vacuum systEStng ‘lﬁg‘e‘?ﬁﬂ MEpUIG 'r}%ﬁ_ﬁ‘?‘ﬁ ‘%c thatthe é‘%?ﬁdéépg&rf&?‘geghe need
for the — 1000% 30kiVe GANPERNEY aftBid8 hiirs 8f SHAdIRE  HoWevBEAABLICTERARST O gani

particles at
of grinding for a similar sample containing untreated pigment to reach the same

15  100% relative transparency level.
Product testing
Lowerihg the viscosity of the sample is believed to be a key to
reduced grinding times to achieve 100% relative transparency. After each sa;nple
achieved 100% relative transparency, the dispersion was filtered to remove -
20  grinding media and viscosity was measured using the Brookfield viscometer.
Viscosities were: |
Untreated Pigment _ Treated Pigment
Poise 30 4

(9%
(£



at nospher | re. Typical equilibriumor thermal plasnas
o Bhendt PERERL AR e

- at nospheric pr re exhibit high tenperatures which can thernma

the 20 organic particles. |nher eENAMPLES EtpE? at ure acti vated gas

speci es generated by nonequj | i bri um at nospheri c, pressure pl asmas
sources have been used BY themeghqdsand apparatses described hejeig, the fellawing
tenperature s LV r j t ar.i 1L Qut I . degr adati on.
Readi | y aggl orﬁe&r%{él%tlsr%n%re g‘g‘%eg ag‘g‘?‘. dglatjgzth%\h{l&géeé ?ttrtglgt@?n\}\'no?h such .

nonequi | i bri uBkaspies pheMderddlasma sour ces Vihial Degradati6ler S Rieferbhdest 25
deaggl onerated to increase the surface area exposed to the activated
species. ?rhis process can be acconpl ild¢gseesdy either of two alternate

enbodi ments: by . treating. t.he deaqgl orer at particles downstream from
the pl asma sourde enpl ogikﬁﬁ)'l’ﬂ@"k’py"gleggéar at usf’eé epicted in Fi§ure 8, or

passi ng the deaggl oner abﬁimmrti cles directly t hrough t he source.
enpl oyi ng the appar at us Figure 9. 30 Figure 8 depicts
an at nospheric f@ressur epgnytenessaraen pignienti el ect478c - barri er discharge
source. 540, simlar to t h_gtwénomn in the prior_art. to create
activated species for tPexbPtagdiesticul ates in323reaction chanmBer, - 20.
downstre 2 WO
97/ 2915 6@61 4 polychloroprene 170 Aa'
PCT/ US97/ 01629 5 f r Nandrklaupbétsma source. Tia87pl asnma sourceg 540, may be
conprised of a power supply, 540S, electrodes, 542 and 544, which are
covered or coated with melypthyienec | ayer s 26442D, 544D. |naaccordance
with this enbodijrent, th articulates are fir deaggl omer at ed by
f eeder assenbl y,irEO' ' RﬂeﬁyBWW’ﬁ‘Sr porates the aégggl omeration 2
8 ‘polyacrylonitirle 235 a
15. 9 polymethacrylicacid 200 a
10 polyvinyl acetate - 213 a
11 polyvinyl chloride 200 a
12 cellulose : 250 a
13 copper phthalocyanine 460 b
20 blue pigment 15:2
14 polychloro copper 480 ' b
phthalocyanine C.1.
pigment green 7
15 quinacridone red pigment 440 b
25 16 quinacridone violet 310 b
17 copper phthalocyanine blue 440 c

pigment 15:2
*- a. Physical Propertiés of Polymers Handbook, James E. Mark.
AIP Press
30 b. NPIRI Raw Materials Data Handbook. Volume 4 Pigments.

National Printing Ink Research Institute.



5 nodul e 500, described in conjunction with Figure 7. Feeder assenbly,
50" ﬁgﬁprises a bin, 604, a rotary valve, 606, WACTNSIZTRIG29 .
part|aUP§P@§ romthe bin, 604, ‘into a hopper,, 608. Rotary val ve,
606, permits the charg vieasafi byt thetmaal gravimetris; #9a Zﬁ’é’&aé‘fa@p to two

at nospheres of pressure. éé$n1 sour ¢ supplied to
deaggl oner tempsmatpreigradien %10 WE@?’B%“?’HE“BE}? at ® Gaterial . 10  which
only partially fills the screw feeder. 306, to pressurlze t he hopper. 608.

| f desired, process gas can be supplied from source, 550, through

val ve, b53, directly to hopper, 608, to maintain hopper, 608, at the
sane pressure as deaggl oneration nodul e, 500. A m xer, 630, which can
take any convenient form is provided to insure a steady fl ow of
particles to the screw feeder, 306. In this enbodinent 15 which operates
at atnospheric pressure, the vacuum punp. 90, may be repl aced with a
exhaust fan, 90'. An optional diffusion plate, 548,
simlar to diffusion plate. 48. described in conjunction with Figure
5. can be used to prevent the particul ates fromentering the plasm

source, 540. A source, 560, of either a single process 20 gas (when |ong
lifetinme activated species are generated) or a gas m xture (when

short lifetine activated species are generated) can be used, as previously
di scussed. In the downstream approach the plasnma gas is activated by
passing it t hrough a nonequilibrium/|ow tenperature plasma source.
such as a dielectric barrier discharge, thus creating

pl asma- acti vat ed speci es capable of nodifying the 25 surface of

deaggl onerated organic particles without irreversible therna

degradation of the particles. In this enbodi nent, plasma-activated species
created in the source are utilized downstreamin a separate reaction
zone. For long-lived species, a single gas can be fed to the plasm
source for creation of activated- speci es. Ozone, an exanple of a
species that is stable at atnospheric pressure 30 near room tenper at ure.
can be created by disassociating nol ecul ar oxygen via si |l ent

di scharge in a dielectric barrier discharge plasnma source. Wen activation
of a particular process gas produces short lifetine activated species. a

m xt ure of



25 7 6 .
wer usori VB o IR, o g BEEN ez,
species in the,downstream ¢ L' r®actidn zpne PE < rm-dcti vat ed
species. |ike &8t i sing from carbon dioxide (COerr]). have
relatively short lifetimgs at AnpEEedRrivea@iearebuffadd6f pirtituli@imaterials
survive | ong enough "tJo be usg{ uIh | nl';dheagovmst;!ea? en(ggl;jl rreag;l. If diluted
with 5 a gathahexhibij imewarsibledhermal degiadatiomwheyheatedighayvelaghessheld, such as
e ot cartemp PRGBS AR Aotk S50 S LLEE Sl Ak bl s Q55T ey "
the diluti g dURestell BRodebLRRRN lal theatrRént chamber tB&QLH) ' | i sions
of the act %at ggs@%cejigﬁe??' ?Ene %re?%stgbfeeé stnatcesmo? t he 1'(52& ﬁg%llglrblljétg?lr?g gas
catn_ r eIt egse enssgye gls‘ﬁstdwnsa'am?iodiﬂ;qtﬂzanz kmxcc:;cempris%agdstbhmmt Ith f
activated speci es. an exanmpl e e downst ream enpodi nment, :
of a Iroed pi gnent , éuchrrpaf§‘rﬂ ‘Péé‘ﬂg)?ﬁiyﬁeé‘l%ﬂ%sﬁBP%i“I‘%IQ"e(tEﬂaPW@S),Su(r:aﬁcge
nodi fied at at B ric pressure using a dielectric barrier

di scharge, by i nt roduci ng’eit her pure oxygen or a mxture of oxygen

and heliumor a mxture gf CCIdHagPoﬁiﬁ’ath@thdﬁhﬁﬁlesitﬁkﬁpdsbﬁt%ﬁ%’ﬁbt‘ﬁ@h‘bﬁe-
By using appropriate power and voltage to activate the pl asma, an

activated Hhs speci dhe sifrfaceof substantinlly leach fresiisarcafidergelemarated partielesiuced
into the reacti on chanber... . e} ated DPP red
pi gment particles can be nt rO@&%Hngﬁlgeode.agglom%[ggggg@g[g? t_gﬁftt'c?ﬂﬁ%‘grd‘%nd
exposed to activat ed GPREd BrocessWak #F theFostitfonChhin®Er Before rhidIonbratibR tam!
degradation of the particles can occur prior to substanti atT

reaggl omer ati on of toeeumtarany shbstantiahdegres. enbodi nent, the pignent can be
kept out of the plasma-actiyation region.b fficient asnma .gas
flow rate and/or use of 1 mpﬁ&n&gaﬁleﬁﬁ%mgﬁtd of the surface ofﬁx&astannalﬂ'

15 each deagglomerated particle fraction with the activated process gas. and

v controlling the temperature of the deagglomerated particle
fractions so they do not thermally degrade.
| 2. A method acéording.to Claim 1 wherein step iii is carried
out at substantially atmospheric pressure in one or both of the following locations:

20  areaction chamber containing the plasma source and downstream of the plasma
source.

3. A method according to Claim 1 wherein step iii is carried
out at substantially subatmospherié pressure in a reaction chamber that is
downstream of the plasma source. _

25 4 A method according to Claim 1 comprising generating the
plasma-activated gas introduced into the treatment chamber in step i by a
nonequilibrium method selected from the group: low pressure plasmas energized
by microwave radiation or by radiofrequency radiation: atmospheric pressure
plasmas produced by silent discharge or by glow discharge.

30 5. A method according to Claim 1 comprising
deagglomerating the particles in a deagglomeration module comprising a mixing

chamber for mixing particulates and a carrier gas. a mechanical stirring means. an

35
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Figure 9 depicts an atm il HI fﬂﬂl'e process using a dielectric 25
‘barrier wiosapeige sour ' to that known in thpcpisornigsy . toO
create actlvated spemes for treating partlcul ates in a reaction -

chanmber, 620 ultigsppichorp gnergized by ansitsasepisransdysen angd gn pudererificee with this
I ntrasource oner ated as
descri bed i n%ﬁ%unc&- &h .wﬁ}xﬁech?tge{}fgdj%degﬁlqhg%ﬁﬁeﬁ*rgi 1£ ﬁﬁrag&}r%‘ﬁb' 50". which

i ncor por at es aghfred odgodudficiend dnergyochrbvent pRiggingand o efthh g&n&ﬂ@odl ment a
source. 550. of carrier gas feeds the deaggl oneration no 500.

t hrough val vdractignation; desi r ed, process gas can be suppl i ed from source.

2,[5 Ot he s a?‘ret hrough val V. 55& metRocllﬁ' Ogc%%mg ?c(:) élalmol where athg pgxttll%yg% e 608
97/ 29156 Si)gment particles maintained below the threshold temperature at WBI h ay
PCT/ US97/ 016 pressure as deaggl oneration nodul e, 6 shown, the

carrier gas abwdﬂcpgnemcolorahxﬁchmxprocess gas. Optionally , a sour ce,

560 of additional pro proyi ded as _.shown. VaI ves, 556
and 558. may be provi de-g ‘gdﬂ%é‘l’ P?‘I%W%Pgtaﬁé’ or COMPOSIHAR USIHE FAfeocess

gas. The pla ﬁ&pf, n@éﬂucﬁg)éo%ng f,é& .of a power 5 supply, 640S,

el ectrodes, 42 and are cov 0 'coat ed with dielectric

l'ayers 6UED, 644D. An apt i ondtbpmslmg:tormgimdmgnfebhmﬁmga@iﬂﬁéﬁmdﬁparﬁdﬁs and an
optional el ectrode cqoli ng arr angenepnt, , wat er cooling, may be
provi ded as hatdwve mrque-m%ﬁvdbxﬁtemetb% pt €lagm i and he bottom

vol une. 620V, of the i
predeterm ned | evel an errpt ygﬁﬂlh g%%gﬁ?“{féogégctdg#gtl g%ggn ath?eV ously
described in conj uhedédpglorhération B'Laf&ct?ed at less than about 85% of the timeNit Wsild ypi cal

i ntrasource enbodi nent of Figure 9, it is also
take under identical conditions to deagglomerate pigment particles not

15 surface-modified by the method of Claim 1.
8. A color comj:osition comprising surface-treated pigment
particles, the composition having the following properties:
i viscosity less thaﬁ one-half that of a like composition
comprising untreated particles of the same pigment,
20 il improved tinting strength at least 2% above that of a like
composition comprising untreated particles of the same bigmem. and
iii increased pigment to binder ratio at least about 5% above
that of a like composition comprising untreated pigment.
9. In an apparatus for subatmospheric treatment of particle
25  surfaces comprising a reaction zone in a reaction chamber having particle inlet
and outlet means, a plasma-generating source, and a particle storage hopper that
cooperates with the inlet, the improvement which comprises: _
i a particle-filled storage hopper designed to operate at a
.pressure above that of the reaction chamber;

30 i a module located between the particle storage hopper and

the inlet that cooperates with both, the module comprising means for
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possi bl e ?@ sd he deaggl onerated organic particl es directdorisyRigs a
‘nonequi I'i brium ' ow tenperature pl asma source to nodify the surface of the

particles wth the contriollinigsfded pase ofthe partigles mdeﬁabdcﬁgghmmanmmthe particles,
deaggl onerated 15 articles pass thro h th S creation region thus
exposi ng subst anti aﬂ’ﬁ%fmm ucmgﬁ geﬂ ZCJ:’ a‘KBB?CHBHF??%éP on. A
dielectric barrier dischgyge A¢] sma
source which can be errpIg{/ed Pﬁ?ﬁgg%eg‘iyegtme{lét t&gﬁeg%tﬂaﬁGHtéd@d;&@} @sma gas
i s continuously acttemperatureibelowithiahat which elecy thpewdllydesrddet | nes are

| ess inportant than wth_ the downstream configuration. I'n the intrasource
20 enmbodPnent, either H-sindimo @SJO'Q%BP*‘(S?'“&PW%HW@%# stpsageshapprr be

used. Bl endin S as such as
hel i um causesq'i"ls?ea sa?t%}f cﬂaﬁﬁ)%r,qg ﬂﬁé&%g%ﬁfﬁ%ﬁﬂ%hﬁn&qﬁgma'& g’é\%ir on vol unme
to be convert gpledsAretham tHERIGHAEE hépper, for sEfRE MEERAEITRN b 41 10Rf e plitifa-
surface nodification of the particles occurs substanti al l ypcorrpl etely

wi thin the pl asunatgégesmmcempasilnst can continue 25 downstream i f

sufficient gas activity .remal ns prior to s bstantial. reagql omeration
of the organic particles Ene?{ﬂﬁf 0% e W%ﬂbkﬂﬂ q HARSPRItEPM ¢ hi n

t he 19! asma sqﬁégg péfo ritiehsidrdi, ah@nal surface nodi f| cations of the
partlculate P I In a typical intrasource
enbodi nent, the surface of deaggﬂchmsmtfedd&@glonﬂ?ﬂmgaﬂxdahspebsingrﬂﬁi fied by
passi ng the pignent particles throu dj eI barrier discharge
sour ce while sinul t%ﬂ%@ﬁ%‘@rﬁﬂ‘?rﬁ}%ﬂ ?‘“éﬁ?‘ﬁ@"ﬁ H%tfﬁi‘ ‘Qﬁ’sthﬁﬁfﬁ‘ﬁ‘ﬁ“ £hamber.

source with an appropriate | evel of power and voltage. The plasm gas can
consi st
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WO 97/ 29156
PCT/ USO7/ WOEPR9156  of only carrier gas or nay consist of RCHRLUPEof the -

carrier gas and the additional prepaass gas, either separately
i ntroduced or blended prior to introduction to the deaggl oner ati on
nodul e. The deaggl onerated particle surface is nodified while in

contact with activated gas species priog to substan#ial reaggl onerati on.
Either a 5 m xture of oxygen and th§3n1. e oq a mxture of CJerr]
and helium can be used as the phg Duey to the | ow tenperature
of the plasma gas, the particle . ified wthout thernal
degradation. O her plasm gases can be | ctied dependi ng on the
specific particle type, surface nndificétion req irkd, and
suitability of species lifetimnes consis%en with trleating the

deaggl onerated 10 organic particles enti i trbsource (short lifetime

speci es) or continuing the t r eags n@nt m of the source (long
lifetime species). \ tFigurp 10 ijlustrates an alternate
feeder assenbly ,50"', which is b#peci. |y usgeful when feed pressures

[tlis believed that the

in excess of two atnospheres are requir%d. !
urtabje for such 15 high feed

rotary val ve arrangenent of Figure 8 isjun

pressures. This feeder assegbly. 50"', ¢onprises] a two stage "airl ock"”
arrangenment conprising bin, %704, first , ¥irst hopper, 708.
second val ve. 706", antNsecpnd hoy ¥ . If desired, process gas
can be supplied from soyrce} 550 allve, 553, directly to
hopper, 708" to maintain hopper, (7] { at]j thg sane pressure as
deaggl onerati on nodul e, 500. 20 gure 11 illustrates the
details of a typical enbodi nent fjof the | - Heagglloner ati on nodul e, 500.
As shown in this figure, the defggl oner atrorm ——=hodul e conprises’'a

m xi ng chanber, 502. for nTXingfparticul ates from screw feeder, 306,
and receiving carrier gas f . . ;

| stirrij)ng
8, eneLéLzed by an

ply, 512, Jand aRe=

means, 504. a porous pl atmey
25 ul trasoni ¢ transduceW,

510, péwered by a power su

outlet orifice. 514, ereinithe pressure in the itng chgnber, 5062,
i's maintained above the presgure in the reaction ber, .30, (or¢(®20
in Figure 9), and wierein the¢ region i mredi atel y cent tthe outp-ef
orifice, 514. is ultjrasonically agiitated with su 'ent"e#ergy 9.
prevent plugging of |the oriffce by thq particles and tp fadqilitatfe
/
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3
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30 deagg'I oner ation

. chanber. W@»729156
deaggl onerated particles into the
readily agglonmerate tend to form bridges when

and t he reacti on chanber,
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PCT/US97/ 0l 629  «— ttenpts are @ i

openi ngs. In the prgsqnt §gg us,

by the ultrasenic a tioggboﬁﬂ mechani ca
t he sound figle near-Jthe-or f{i hat keeps

tign of
particl
om pr of

t oget her.
since high densRy
and bl ocks t
Exanpl es

appar at us of
general outli
fed to an ASHe
| ocal i zed p] a
This highly
reconbi nat i
with

hopper was ¢
reactor volu

20.

ZA3action chanber.

of the particles. the pressure differgﬁghgﬁwgﬁayeen

carries t
Particl es that

to feed the particles through snal
the orifice is kept from cl oggi ng

@i on of the orifice and
p¥Pticles fromsticking
&fIr near 5 the orifice
2 e ultrasonic energy
b& di stance.

Lon of a batch process

Qrgani ¢ pi gnent was
S, using the
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pi~grrent/gas m xture contacted the activated gas species th
. pignment {5 émeese Treated pignment product was separated frb

20 col | ect ed.

A red pignment having Chem cal Abst r act3R.

Ry 9 the

Exanpl e |

84632- 65-5 (G ba-

Cei gy)

and the chem cal forml a, rrolo (3,4-C) pyrrol- 1, 4-dione 3, 6-bis(4-
chl orophenylc)fz';; 5- ci - ) and having a primary particle size of
about 0.6 252 <l Crenye L r e suba freric pressure. using the
bat ch procesY apparatUs of Ire 3. | ows to inprove rheol ogy,
gl oss, and ' o i B#BIning color within an
accept abl e ikncor pdRat i ng- “this pignent.
Pl asma- Act jyqt i n I QRS ystem pressure, 1.9 Torr
Pigment Fe¢dl|Rdtew 2 | bsihr T o oCarrfler. gas CJerr] 1/mn
29 VO "/29]56-K,— S— S & b ' '(9
PCT/ US97/ 03629 | ~— — PLOCERS in M cr owave
Power, 400 ~2al OSE | ' 1. ol vent
bl end, 35. w|po 5 1-4%% of xyl eng, 23. 75% of
@ 3
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n:butyl acetate and 5. 0% of p- ¥whuseneissy €)
2. AC‘VQVL”WI ynmer di spersant sol utlef 43. 83% ' ' 3.

Pi gment, 20.33% 10 Gi ndi ng Procedur dter Surface Modification:

The above three ingredients were prem xed for 15 m nutes, then . placed

I n a beaker ﬁﬂ?@rﬁl ng sand nedi a and_ground at 350 rpmfor 30

m nutes, and filtered to pgodwt MOT | por concentrate | spersion).
Model RVTDCP Brookfield visconet! OR ed to meas sbﬁear

viscosity by 15 using #3 spindle, at 1 2917 sp d oss

nmeasur enent was nade WZ@ amGa r, In Haze- GI 0SS

refl ect omet efTQat reT—art—t0 uergree ahdl es. ggeasurement was

‘made usi ng ATMA lor i Ppnt Engijneery ngo ora%&gy l\/bdel
Series 5 for rreasuri?ngcoI or at L* (pright s).la ed} greeny”

(blue-yellow). Wiite dispe on f r I nting
dispersion): TiJerr] 16, 63 5ol i d est ?ﬂgésﬂ
Most commonly observed Ai | si‘ td] ' SC ter:
Unt reat ed Pi gnent _ ' se
180 ; 20 .
measured by taking sanpl e, yut i ng4 H0I n
a #5 drawdown bar fr Ga roduce a N _
m crons thi ck2@@ih was \ai fed §f o abo e ho et PIR\Ea5uri ng the
gl oss. d oss measu ; ser on Angl e
Unt r eat ed Tr eat ed : 2 rees 7
20 6/|BP0} des 50 Be
204
205—
54 206
~y//—200
00
2 - 56
204
203
L S0L
T0 | - FROM
20 , / 118
213 ' 210
58
¢—— FROM
118
211




30 WD 97/ 29156

"PCT/ US97/WOP729156 Col or measur enent : PCTHEYI0I60h this
red pignent was not to alter the color position which was nmi ntai ned -
(L*a*b*) to within 0.3 of the untreated/d4npl e. Masstone col or bat ch
was prepared as: 86% di spersion, 12% acrylic polynmer dispersant sol ution.
5 and 2% sol vent .FROM _ This mixture was well mixed in a
shaker before spray.j30hree 4 al um num panel s wer e sprayg_dig ﬂed at
125 F for 30 mnutes. Col or was ainst are c by
MAC col orineter. The resul ﬂSZm«ere: Pl as r ggg2d Sanple dL*=0. 61,
da*=-0.10, db*=-0.94 10 Untregtesh SanddR =¢—00; da*+0. 17, db*=-
1.01 Tinting strength: _ T Coal{was to reach the same shade
using less of the pignent. The ocedure Jollows. Take the color
concentrate and mx with white di spersjfon. M x concentrates f ?L%
m nutes and spray on al um num panel t g., Bake at 125%} air
oven for 30 m nutes. Measure col or by Clkol orineter. Del @Q) 1 of
treated sanple ran es$lthan ot reat Ihis represented
an I ncrease ti f Exampl e 2
Perrindo maroon pi mrdl Abstract
nane ant hr ad{N soqu e-f 1, 3, 8/ 2H, 9 t \2 9-Ndi nmet hyl - (9C
1), having a 20 ' iql g size of about} O, p_llas treated at
subat nospheri c pressure. Usijng the batchi gro pparatus of Figure
2. Pl asma- Acti vati on cgsq Conditions: System
pressure, 2 Torr ' Pi gment Heed e, 1Y7 Ibs/hr
44
FIG. 5A . d
| 46
FIG. 5B . 47
22P1
48

FIG. 5C 0 :5§;f13

22N POWDER IN

22P2

20R ] ~22P3

22

- al
T N
_ —§




/

25 Carrier gas CJerr] 0.2 1/mn PCT/US97/01629
'Process gggog(ﬁ,éﬁ] 0.1 1/mn M cr owave Power. 400W
Pai nt Conposition: 6/11  Solvent blend, 39.66 w.% 30
(71. 25% of xyl ene. 23. 75% of _ n-butyl acetate and
5. 0% of p- anyl acetate) WO 97/ 29156

PCT/ US97/ 01629 2. Acrylic pol ynmer dispersant

sol ution 46.43% 3. Pigment 13.91%

Property Measurenent: Relative transparency and absol ute haze of
drawdown filmon Myl ar were neasured using Col orQuest by HunterLab, Inc. 5
Brookfield viscosity neasurenent for the di spersion used the sane

Vi sconmet er as used in Exanple 1. The spindle used was #5 at 1 rpm
rotational speed. Gi pgi_ ng Procedure After Surface Modification:
The 3 ingredients were prem Xed ™yt es. The sanpl e was put in

I ITiter 01 attritor and 850 grap®

A 10 12 hour grinding period

m xt ure was t aken each

rel ative transparency of the iy mwas asured. Results

i ndicated that the treated safp 96: 100%'F2i% VG anspar ency
| ' of~grinding for

o reach the sane 15 1 00%

3 Silicate (0.8 nm was added.
A sanpl e of the ground
A" Myl ar was nade, and

FIG.6B

FIG.6C



reduced grinding times to achi eve 100% rel ati ve transparenc Af ter each
'sanple  WO9748HSeved 100%rel ative transparency, the di sp%&gp 0522
filtered to renmove 20 grinding medi a 2Md viscosity was measured using the -
Brookfield visconeter. Vi scosities were:

Unt reat ed Pi gnent Treated Pi gnent Poi se 30

4 WO 29 .
PCT/ US97/ gﬁ EXAMPLES | to 17
By the net S dRpar atuses described herein, the follow ng

material s canm e treated accord%g to the process of this invention.

Exanpl e Majerials Initial Degradation Ref erence* 5
Degrees C 1 & diketd pyrrol opyrrole red 4651

C ' : peryl ene ma;,oon pi gnent 478
C 3 O 325 a 10

4 pol yE ‘ é'

Nat ural rubber a 6 O

pol yet hyl ene a - 7 j'

pol ypr opyl ene a B =

pol yacryl onltit al I

pol ymet hacr)gl a

pol yvi nyl 4set = K a
pol yvi nyl chloride 290 ¥ . a
cel | ul ose r|1r]1r|11 %__»/. a
<
(.
g[led] 5]
A
B
v}

/50'
GAS
554
500\1"”31——-34—
w !! 550+
552
M 20~
20V~
410
477
720! —"
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13 - %lg‘ht hal ocyanl ne 460 b pédrusor/01629
‘bl ue, pi gnent pol ychl oro copper 480

pht hal ocyanl ne C.1|. pi gnent green 7
15 qui nacridone red pigment  44@/11 b 25 . 16
gui nacri done vi ol et 310 b 17 copper
pht hal ocyani | ue 440 C pi gnment 15: 2
*a. Physwa%ertles of Pol ymers Handbook. James E. Mark. Al P
Press 30 b. NPl RioRaw Materials Data Handbook. Vol ume 4
Pi gment s. NatPonal Printi n§1 nk Research Institute.
33 WO 97429156 "&; \c. Measured by thermal gravinetric
anal yzer in ai t a [ @t enperature gra@ent of 10 C/m&ﬂ from room
tenperature 0
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Ve daim 1. A method for treating thepshibdnfiessf
. aggl oner aVPTRANG cul ate materials that exhibit 33 t%er m‘iﬁ3

degradati on when heated above a threshglq¢tenperature not 5 exceedi ng

irreversib

about 500[err]C, with at | east one species of plasma- activated
process gas in a treatnment chanber that contains the pl asma source or
its downstream of the plasma source, by deaggl onerating said materials
into particle fractions, conprising the steps of: 10 i i nt roduci ng

activated process gas i @<\ he treatnent

deaggl onerating the parti

chanber, g

) expose the surface of

" substantially each particje fradqtion of deaggl onerated
particles, 15 iii contafting tthe deaggl pnerated particle fractions with
t he activated process gas in tpe treatnent chanber before
reaggl onerati on can occur to any substantfal degree, iV nodi fyi ng
the surface of substantially each deagglaherate particle
fraction with the activated processf gas, and 20} v - controlling the

tenperature of the deagglonerated particle

not thermal |y degrade. ' 2.
wherein the particles areSpd nt particle
t hreshol d tenperature at which a pignent c

observabl e by the average human obslerver.
according to Caim1 wherein step ifi iIs
at nospheric pressure in one or botHh of

the plasnma source or one that is

grem—p———

R ———

FROM 306 —

fractions so they do

mai nt ai ned bel ow t he
or shift occurs that is 25
3. A et hod
rried out at substantially
eat nent chanber contai ni ng

A iethod according to Caim1l
I

c
at
§§Q§:n1of t he pl asna sour ce.

—T0 20

o~

502

514

=

FIG.11



35 \AA_WCCO:rdi -n . to. aim3 Wherei n
FA-O'?]'%-arH od g.t0: q A .Y,

“step iiil is out at substantially subatnospheri.c pressure in
a - treat ment chanber Eﬁ mllm mﬂﬁ of the plasma source.
5. A nmet hod according to. m 5 generating the
pl asma- activated gas introduced i nt'o 'he®tr&at nent chanber in step i
by a nonequilibrium nmethod selected fromthe group: | ow pressure
pl asmas ener gwzedidih 1 cr owave. radi ation or by radi of requency '
radi ati on; atnospheric pressure plasnas . yr oduced by silent discharge
or by glow discharge. 10 A method for tggatingy ﬁHEéQECQfordi ng to aim1l

conpri sing deaggl pner at i t rtd L0 regdl nodul e
COMDY1 SN0 camioRAHE FEFAR e ABARlq PLEScABLR: SRARGITE Bt
gas, a ”?Chark!l«f%gd%fddrf Wwh@nBedfed abovkld BEe’hold esmpensntriezest by an
ul trasoni c transducer, and an outlet orifice, wherein the region 15

i _mt"rﬁdi a]'E ]gsy_ asficeeding abeut B0GAC,ovithi atléast wine spegies of plasmar at ed
Wi sufficient energy to prevent pluggin d to fect ti
fractionat i orCtivated gf 0CesS gas wa%egﬁﬁsﬁhgﬁ%crﬁé‘éﬁiﬂ g éﬁ%‘?or
conposition 5y {\ﬁf‘sﬁré%ﬂi ' ' igges nodified b
the 20 net hooplg’Prgglm# é,b{;gtrfs;glbm ng the éﬁtggsﬁldém%oﬁ?éé, w | g
deagglomerating said materials into particle fractions, comprising

the steps of:
10 i introducing activated process gas into the treatment
chamber,

ii deagglomerating the particles to expose the surface of
substantially each particle fraction of deagglomerated
particles, . .
1s il contacting the deagglomerated particle fractions with the
activated process gas in the treatment chamber before
reagglomeration can occur to any substantial degree,
iv modifying the surface of substantially each deagglomerated
particle fraction with the activated process gas, and
20 vV controlling the temperature of the deagglomerated particle
fractions so they do not thermally degrade.
2. A method according to Claim 1 wherein the
particles are pigment particles maintained below the threshold
temperature at which a pigment color shift occurs that is

25 observable by the average human observer.
3. A method according to Claim 1 wherein step iii is

carried out at substantially atmospheric pressure in one or both of
a treatment chamber containing the plasma source or one that is

downstream of the plasma source.
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di sposing to a grinding mechani sm aggl oner at ed particles L

L I |

| Tlhat ha\m“ﬁﬂ"u"ﬂ”mlmﬂﬁﬁlefsl gﬁdbgf 1E ggt Pﬁghggaggl (C)Jrrglr 21'[ |1on‘ |‘n I ess’ .25and

than 85%'of ‘t he t¥mes | t*+ woul d take under identical conditions to
deaggl onerate pignent particles not surface- nodi fied by the

nmet hod of C aim 1. : A col or conposition conprising
surface-treated gnent . 1,
the 3 0 conposition haV| ng {\hpﬁe?llﬁh(;eévmcél%ﬁ%? pe%aﬁe@%%%%eglﬁ ig'

36 carried out atisubstahyidiys subatmosphelid préssiredn @ | i ke

conposi ti on conpri sing untreated part I cl es of the sane pignent,

ii inproved Wﬁmﬁ&tme?hﬂaﬁt £ Hﬁ%@/ thaplagma squase.
- conposi tion conpri si ng nt r egt s t pi gnent,
and Pl ncrease pi g%engtﬁgabdlégggrau% %@ﬁ[‘g&?ﬁ%ﬁ&g 5% above
that of asli kgerrsrepiog m@plamﬁa:a@mm&ngasmaddm&m&o the treatment

9. In an apparatus for subatnospheric_treatnent of - (gartlcl e surfaces
i n accor dancechamperin stepAdy arnepegnilibriuny methes seleatedafrosadheon zone

In a treat ment GHATHGE RN Bf’ééﬂ:l% energized by microwave radiation or
by radiofrequency radiation; atmospheric pressure plasmas
produced by silent discharge or by glow discharge.

10 6. A method according to Claim 1 comprising
deagglomerating the particles in a deagglomeration module
comprising a mixing chamber for mixing particulates and a carrier -
gas, a mechanical stirring means, an ultrasonic horn energized by
an ultrasonic transducer, and an outlet orifice, wherein the region

15 immediately adjacent the outlet orifice is ultrasonically agitated
with sufficient energy to prevent plugging and to effect particle

fractionation.
7. A method for preparing a color composition

comprising surface-modified pigment particles modified by the
20 method of Claim 1, comprising the steps:
i disposing to a grinding mechanism agglomerated particles
that have been surface-modified by the method of Claim 1,

and
ii grinding said particles and effecting deagglomeration in less
25 than 85% of the time it would take under identical
conditions to deagglomerate pigment particles not surface-
modified by the method of Claim 1.
8. A color composition comprising surface-treated
pigment particles treated by the method of Claim 1, the
30 composition having the following properties:

36
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I nket . and outlet rrea asna- ge'ﬁ‘eraf‘“i ng source, and a particl e
.storage Qm“ﬁ l‘ n‘m‘ @B‘gr ates with the inlet, the inprovement. . vr/m ch
conpri se article-filled storage hopper desi gned to operate
at a 15 * ° pressure above that of the treatnent chanber; i a
nodul e | ocated between the particle storage hopper and the inlet
t hat cooperates wth both, the nodul e conprising nmeans for

controlling fded ratiscosityt lesspthar oheshalf(th’aOIOfahke composi¢ingyg! onerating
the particles, and intraoduci ng. 20 e gg’lfggerated articles into the
reacti on zone; andcompngsmgu ed particle R &8 dMoner at ed
particles at a tltﬁmﬁ figer mal l'y
degr ade. % improved e apgg %ﬁgéo#%{ &géﬁag\ﬁ?c nodul e ii

conprises: 25 i compwsitiohl compeisinglumereated parﬁctesoarthe:tsarrm ansport
from t he hopper to nechanismii, and " i1 a nmechanismfor

deaggl oner®ti ng an®igmepés andg t he particles in preparation for

gger rintroduggion ) o9 tl%igment to bindéFRITE 3t 16287 REbut 3% above

that of a like composition comprising untreated pigment.
9. In an apparatus for subatmospheric treatment of
particle surfaces in accordance with the method of Claim 4,

10 comprising a reaction zone in a treatment chamber having particle
inlet and outlet means, a plasma-generating source, and a particle
storage hopper that cooperates with the inlet, the improvement
which comprises:

i a particle-filled storage hopper designed to operate at a
1is pressure above that of the treatment chamber;
| ii a module located between the particle storage hopper and
the inlet that cooperates with both, the module comprising
means for controlling feed rate of the particles and for
deagglomerating the particles, and introducing

20 deagglomerated particles into the reaction zone; and

iii means for maintaining the deagglomerated particles at a
temperature below that at which they thermally degrade.
10. The apparatus of Claim 9 in which module ii
comprises: _

25 i a mass flow control mechanism for particle transport from

| the hopper to mechanism ii, and
ii  amechanism for deagglomerating and dispersing the
particles in preparation for their introduction into the
treatment chamber.

30
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{§7) Abstract

A method for trealing the surface of substantially each deagglomerated particle of an array of easily agglomerated particles by

contacting deagglomerated particles with a plasma-activated gas species and modifying the surfaces of the deagglomerated particles to aid
subsequent incorporation of the particles into a matrix composition; the module for deagglomerating and dispersing the particles into the
plasma-activated gas; the apparatus that comprises the deagglomeration module (322) and a reaction chamber (20) in which the particles
are treated with the plasma-activated gas; the method for deagglomerating particles that may reagglomerate after plasma treatment; and a
color composition containing plasma-treated pigment particles,




