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unlform partlcle size, caking, dustiness and clumping. Phenoth|a2|ne bemg a resplratory,

skin, eye and gastrointestinal irritant and skin sensitizer, is more likely to cause problems
in a finely-divided form. Fines in the flaked product also increase the likelihood of

25 explosion. Flaked phenothiazine containing high levels of fines (i.e., more than about 6%
particles having diameters less than 500 microns) is especially prone to caking or
clumping.

Non-uniform particle size in flaked phenothiazine increases the tendency of the

product to cake and/or clump and to resist ready flow transfer both internally and at

30 customer facilites. The caking and/or clumping makes it difficult to discharge the

phenothiazine from containers such as bins, bags, trucks, storage silos and the like and

difficult to transfer. It can also cause the formation of bridges or blocks in containers.

Fines also present safety, health and environmental issues. From a safety standpoint,

fines are of particular concern due to the increased risk of explosion, as well as increased

35 risk to employee health, especially through skin irritation and skin sensitization and the
like, as noted above.

Conventional prilling technology requires molten material to be passed through an

orifice opening after which it cools and solidifies into a prill as it falls through the air.
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25 is conveniently assessed by use of a Munsell Color Chart and it is highly desirable that
the appearance of the product falls within the region of the Munsell Color Chart defined by
Hue Symbol 5Y and Color Spaces: 8/4 to 8/12, 8.5/4 to 8.5/12 and 9/4 to 9/8, inclusive,
and more especially in the region defined by Hue Symbol 5Y and Color Spaces 8.5/8 to
8.5/12 and 9/6 to 9/8.

30
Brief Summary of the Invention
The invention includes solid phenothiazine or an analog or derivative thereof (as
hereinafter described), comprising a plurality of prills, wherein said prills are generally
spherical.
35 In the following description and claims, phenothiazine refers to the compound of

Formula (l) (see below) and phenothiazine material refers generically to phenothiazine of
Formula (1) and/or an analog or derivative of phenothiazine of Formula (I1) (see below).
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20 material in the form of a plurality of generally spherical prills.

In the case of phenothiazine, the prill form preferably has a greenish-yellow to
yellow color, more preferably a color within the region of the Munsell Color Chart defined
by Hue Symbol 5Y and Color Spaces: 8/4 to 8/12, 8.5/4 to 8.5/12 and 9/4 to 9/8,
inclusive, more especially in the region defined by Hue Symbol 5Y and Color Spaces:
25 8.5/8 t0 8.5/12 and 9/6 to 9/8, inclusive. It is especially preferred that the phenothiazine
prill-form has a bright yellow color, more especially a bright yellow color equivalent to that
of flaked phenothiazine.
The phenothiazine prill product preferably contains at least 99.6% phenothiazine.
According to another aspect of the present invention there is provided a method
30 for making solid phenothiazine material in prill form comprising breaking a stream of
molten phenothiazine material into a plurality of evenly sized droplets and cooling the
droplets to form solid phenothiazine material in the form of prills, the phenothiazine
material being maintained within an inert gas (preferably nitrogen) environment while in
the molten state. It is further preferred that the inert gas environment is maintained until
35 the phenothiazine material, in prill form, has cooled to below about 140°C.

Detailed Description of the Invention
The prills may be formed by feeding moiten phenothiazine material into at least
one nozzle having a plurality of holes to form molten droplets of phenothiazine material
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The bul k density is about 0.85 for flake product and about 10 0.75 for
powder. The cH¥enotliadine materiabfingiinisopierathiagnd andsitst @hdloys antl dddvalivds (1)
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derivatives including, wthout Timtati unds having formula (I1):

wherein R', R? and R® may be the same or different and may be hydrogen; halogens,
such as chlorine and fluorine and the like; branched or straight chain, and substituted or
unsubstituted hydrocarbon groups such as alkyl, alkenyl, or alkynyl groups of from 1 to 26
carbon atoms; substituted and unsubstituted aryl groups and aralkyl groups; or functional
20 groups, including, but not limited to sulfonyl, carboxy, amine, alkylamine, hydroxy,
carboxy, silyl, siloxy; and other similar derivatives and their salts. Substituents for the
aforementioned hydrocarbon, aryl and aralkyl groups may include any of the above
functional groups as well as inter-chain elements such as oxygen, sulfur, silicon, nitrogen,
and the like. Most preferably each of R', R* and R® in Formula (Il) is hydrogen. In

25 formula (1), m and n are preferably independently from about 1 to about 4.
To form the prills, the phenothiazine material in molten form, which may be
phenothiazine in accordance with formula (1) and/or phenothiazine derivatives or analogs
in accordance with formula (11), is fed into the nozzle chamber of a jet priller capable of

15
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Feed Tank N%l% L&La?nber r25) of the Jet Priller (6) under a nitrogen atmosphere via a Filter (4) to
20 remove foreign material. The inert gas pressure in the Nozzle Chamber (5) is carefully

controlled at a fixed pressure preferably between 0 and 1 bar, and more preferably from
0.035 to 0.80 bar, in order to control the flow rate of phenothiazine through the Prilling
Nozzle (7). It has been observed that feeding the molten phenothiazine to the Nozzle
Chamber at a temperature higher than about 215°C and/or operating at a pressure
25 above about 1 bar in the Nozzle Chamber (5) causes the molten phenothiazine to break
up in a less controlled manner, former more fine droplets, thus and resulting in more fines
in the final product.
As the molten phenothiazine passes through the holes of the Prilling Nozzle (7),
into the top of the Prilling Column (8), it is broken in a controlled manner into droplets of
30 from about 1 mm to about 2 mm, by the action of a Vibrating Membrane (9) in the wall of
the Nozzle Chamber (5) which is vibrated by Vibration Unit (10) operating at a frequency
from about 100 to about 1500 Hz, more preferably from about 400 to about 1100 Hz. A
stream of liquefied inert gas, especially liquid nitrogen, is simultaneously fed into the side
of the Prilling Column (8) from a Liquefied Inert Gas Store (11) and the mixture of cold
35 inert gas, in liquid and gaseous forms, quickly cools the small droplets of molten
phenothiazine to generally spherical, prills. The use of cold inert gas, especially nitrogen,
is important in order to maintain product quality and to achieve a greenish yellow to yellow
colored product.  Although other inert cooling gases, may be used to form phenothiazine
prills according to the invention, nitrogen is preferred, because it is so effective in rapidly



15 provided froma pressurised Inert Gas Store (2). The nolten mass is then
transferred b pressure of inert gas to a Conditioning Vessel (3) where
the tenp®PM#P¥i s adjusted to about 195-200C. The i ner tPGRIEBEIAHETHEr abl y
nitrogen) pressure is naintained at about 1.5 to 3 bar in the Conditioning
Vessel (3) in order to drive the nolten ‘phenothiazine into the Nozzle
Chanber (5) of the Jet Priller (6) under a nitrogen atnosphere, via a
Filter (4) to 20 renove foreign material. The inert gas pressure in the
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the Pril Imaguf@oﬂumﬁus(rﬂjsudhhejyt piler. general ly at a tenperature from about
120C to about ﬁﬁ%hlgﬂﬁg ik ﬁI %rﬂplsyugg&uitor many applications, particularly those in
25 which phenothiazine powder is problematic. The phenothiazine prills in accordance with
the invention may be used in a wide variety of applications, including as a stabilizer for a
variety of chemical applications. The product may also be used for an inhibitor,
antioxidant and short-stopping agent in a variety of diverse applications such as the
stabilization of acrylic acids, esters and monomers or as a stabilizer for chloroprene
30 monomer, styrene monomer and other vinylic monomers. The prill product is also useful
as an antioxidant in synthetic lubricants and oils, polyols for polyurethanes and polyester
and vinyl ester resins. Due to its high level of activity, phenothiazine functions at very low
concentrations and enhances the functioning of other stabilizers. It also functions well in
strongly acidic environments as well as in both air or nitrogen environments.
35 Phenothiazine material, in prill form, is also a useful pharmaceutical intermediate.
The prilled phenothiazine material of the invention preferably has less than about
6% and more preferably less than about 1% by weight fines (powder), i.e. particles having
diameters less than about 500 microns. Further, the prilled phenothiazine material
preferably has an average diameter as measured in the longest dimension of the prill



140C, fromwhere they pass into a Spiral Cooler (12), having the formof a
cycl one, mhereln the prills cool further in the cold inert gas

envi ronn’é’Rt /40299 | crystallisation is 10 conpl ete, by theraT/aBotdaegy r each
t he bottonlof the Spiral Cooler (12). Here they are renopved fromthe Jet
Priller (6), via an Air-lock (13) to prezent ingress of air, while the

I nert gas carrying any fines, which nmay be inadvertently fornmed during
passage through the nozzles, passes out of the Spiral Cool er (12) through
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Phenothiazine flake was charged to a Feed Tank (1). The flake was then melted and
conveyed at about 200°C, under 3.1 bars pressure, (nitrogen gas) to a Conditioning Tank
25 (3). The product was then fed under nitrogen pressure into the Nozzle Chamber (5) of a
Model JP15/1 Closed-Loop jet priller from GMF Gouda (6) having a Nozzle (7) with 100
holes each having a diameter of about 0.5 mm. The phenothiazine flow rate through the
Nozzle (7) was controlled by maintaining a constant nitrogen pressure in the Nozzle
Chamber (5). The product was broken into 1-2 mm droplets as it passed through the
30 nozzie (7), by means of a Vibrating Membrane (9) in the wall of the Nozzle Chamber (5),
controlled, with the aid of a stroboscope, at a frequency of 1005-1007 Hz. Prills were
formed from the droplets by immediate liquid nitrogen cooling of the molten droplet into a
solid prill form. The molten feed was at approximately 200°C (ranging generally from
about 194.7 to 195.5°C) and the liquid nitrogen temperature was about -192°C. The flow
35 rate of liquid nitrogen from Liquefied Inert gas Store (11) was varied from 0.25 kg of
nitrogen per kg of prills to 0.30 kg of nitrogen per kg of prills. The product solidified into a
prill as it fell through the liquid/nitrogen gas environment in the cryogenic Priling Column
(8). Further cooling occurred in the Spiral Cooler (12), after which the product was
discharged from the Jet Priller (6) via Air-lock (13). The nitrogen gas, containing any




product from about 0.5 mmto about 2.3 mm and nore preferably from about 1
mmto about 2 nm The generally spherical prills of phenothiazine material
in accor W¥$HEEMt h the invention have significantly i nprBUEGBI0/@6N0
characteristics due to their uniformty of size and are generally safer in
use than standard phenothiazine naterial®in flake or powder 5 form The
invention will now be described in further detail wth respect to the

foll owing non- Iim'ting exanpl es. Exanple 1 10 Small-scale trial in a
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Nozzl 6 oﬁ’%@qﬁbﬁr gy ke AopouB FRRCRERd Th 495 2 GR0ahara Beloin
passed th the 30 nozzle (7), by means of a Vibrating Menbrane (9) in
the wal |l of the Nozzl e Chanber (5), Tawieériolled, with the aid of a
stroboscope, at a frequency of 1005-1007 Hz. Prills were formed fromthe

dropl ets by i medratetiou-trnitrogen—eooHng of—the—rmolten droplet into a
solid prill forim The nolt efropetids was at appr gxi mat plake 200C (FQHB(E%?Q)
general |y fromf—about—194—Ft+6—1+95-56—-andtheHguidnitro ur e
was about -192CApprerancew 35 rate of |iquid nitrygeriw Flares Lijqualibg@rligel t
gas Store (11) mas—vart+ed—From-0-—25-—kg—of

Melting Point °C 184 min. 184.9 min.

Purity (%) 99.6 99.9

Angle of Repose 36 25

Bulk Density 0.8 0.77

Jar Shake Test for Powder Slight to Heavy Nil to Very

Slight
Thickness (mm) 1.40 1.65
Average Diameter (mm) N/A 1

Particle Size Distribution

% Particles >2360 microns 75 0

% Particles <2360 to 500 microns 19 99

% Particles <500 microns 6 1




nitrogen per kg of prills to 0.30 kg of nitrogen per kg of prills. The
product SO|IdIerd intoa prill as it fell through the |iquid/nitrogen gas
envi r onnB¥AOV#R® he cryogenic Prilling Colum (8). Furt hdiCHGBAN046M00Ccur r ed
in the Spiral Cooler (12), after which the product was discharged fromthe
Jet Priller (6) via Air-lock (13). The mtrogen gas, containing any WO

01/ 40209 PCT/ GBOO 04600 8 generated fines, was drawn by Fan (15) through
Cyclone (14) to renove the fines and the nitrogen gas re-circul ated back
into the Prilling Colum (8) after 1RBrSi p@ntdy ough Cooler (16). The tri al
resulted in the production of greenish-yellow (Minsell Color Space: 5Y/8/6)
to 5 yellow (M }

al | standard prjoduct specifications, ssdigibadimeo precipitate, and
generated effi cacy—stmtear—to—stanrdard—phenrothi-azt-ne—+H-ake—The prills

al so of fered i npha@w (meindl i ng and flowability. The mills as formed were
general | y spherfi-eat—n—shape—anrd—had—an—average—dianeter—ofiabout 1 mm
The prills alsd Metuylavlémm@ragé éninf) repose and |exhi biipegd a very 1§ narrpw
particle size drstrbut+on—tewfnres—{(powderjrlevels of legs than 1% were

achi eved, and t|lRutyrAaslylste (w@s) not prone to caki ng. The product als®
evi denced f | ow,—t+ansfer—and—-handling-—charactleristics superfior to the

exi sting flake mrgglytntﬁ,cgqg ﬁdegl%IFg ym?r%%e to |the nofg unifdrm shgpe angd
smal | er averag rH@tFw the prills demgnstrated an gnhanced

dissolution time TR %gﬁ;fyégﬂ to flake produgt. A conparisgn of the 15
properties of standard flake and the prills Tormed Tn Exanple 2 are snown
below in Table 1. Table 1 Properties Flake Prill (Ex 2) Appearance Yellow
Fl akes Yel | ow \With |arepernedntiolsgaPdiertin Des@ibedi and B84indrt rdnvironrReiti toyefefdoly99. 6

ggwg gr Agt};%rev:@&% B?lﬂ@@@ ,52%@ q%@eo@hl?o&@ﬂ?n' i& lbtogs@_ﬁ?% %ﬁ%digé ﬁ?ﬁ@’é?pi%ﬁ%{h%%[ne
Aver age ﬂg}@?é@s'ﬁﬁ? Wﬁeiaﬁglcf"f)\él e Size Distribution

Based on the foregoing, prills of phenothiazine were formed which exhibited
properties at least comparable, and in most cases superior to those of flaked and
powdered phenothiazine.  The prills also, advantageously, exhibited a substantially

10 uniform average diameter and narrow particle size distribution as well as containing only a
very low level of fines. Such characteristics provided reduced incidences of caking and/or
clumping and demonstrated improved flow properties in transport and in use. Other
significant advantages achievable by using these prills include improvements to
environmental and workplace safety as well as a reduction in the cost of manufacturing

15 resulting from the low level of fines.

It wilt be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications within the spirit and

20 scope of the present invention as defined by the appended claims.




% Particles > 2360 mcrons 75 0 % Particles <2360 to 500 mcrons 19 99 %
Particles <500 mcrons 6 1 WD 01/40209 PCT/ GBOO' 04600 9 Table 1 (cont'd)
Di ssol ut WP Acetone (min.) 5 3 Methyl Methacryl at e RGH/GB)0/0E005 11
Butyl Acrylate (mn.) 8 5.5 Product Efficacy (hours to polynerize 13 14
met hyl nethacrylate) Wth proper control'® as” herein described and an inert
environnent, preferably 5 provided by liquid and gaseous nitrogen, it is
possi ble to produce a prilled phenothiazine wth the desired properties
and col or. Based on the foregoiCOnimspFérd PST Abpifaasot hi azi ne were formed

whi ch exhibited properties at |east corrparaBI e, and in nost cases superior
to those of flaked and powdered phenothiazine. The prills also,

advant agequs| y.A sl probigét confHaRgad phahdtiiatfe UnhEREITh ANE TRRE of LTRLRY dnd
harrow parti rI & %'ﬂieicdl' S#II‘I bution as well as containing only a 'very'low

| evel of rned” A &cteristics provi ded reduced incidences of caking
and/ o? clunping and denobnstrated i nproved flow properties in transport and
in use. Ogher Asécgiﬂler@tﬁ:@%c@é’r&ﬁ@ttégﬁﬁpﬁ?mci'f”e\’éhl?ltﬁti Bryllsq%v?q% %&%%\Pccmér] Wit

i ncl ude in roverreogﬁ 0 %ger{élro(grrent%. and wor kpl ace_safe as well "as a
reducti on i o8 LI Myps Prachart Aefged by Husstymbol §Yiansr @l eSpankst &@¢de of
fines. It 8(fi2 B.9%toahp@co/dtted/Hinctusoee skilled in the art that changes
could be made to the enbodinents descri bed above wi thout departing from

t he broad inveg\ti\fﬁ concggt thereof. It is understood, therefore, that

t hi s19 nvefiti on’ PlAGOYchpeeaiding te faimat o ElainrR weerpisdhawaliaw eplotisosidtn but
it is int Gl‘redegiona)fMm/Munsn;mdlbnah%mdsf;]nddtw muéd Bgms?iﬂ\ri &ndC8lor 88a&s0R%/@f

t he prese i i i y the appended clains. WO 01/ 40209

PCT/ GBOO 854%873‘2%%1 g@éﬁrr/g lE:'IIE'I([)JrQ'@g’CT Application) 1. A solid product
conprising a phenothiazine material in the formof a plurality of

gener al | y4spherA salld praducsaccording to any one of Claims 1 to 3 wherein the prills have an
15 average diameter of from about 0.5 mm to about 2.3 mm.

5. A solid product according to any one of Claims 1 to 4 containing no more than
about 1% by weight of fines.

20 6. A solid product according to any one of claim 1 to Claim 5, wherein the
phenothiazine material has the formula (Il)
(R") 2
m (R%),

R3
N
X/ \/

| | @
S =
wherein R', R? and R® are the same or different and are selected from the group
consisting of hydrogen; halogen; branched and straight chain, and substituted and
25 unsubstituted hydrocarbon groups selected from the group consisting of alkyl, alkenyl,
and alkynyl groups of from 1 to 26 carbon atoms; substituted and unsubstituted aryl

groups; substituted and unsubstituted aralkyl groups; sulfonyl; carboxy; amine;
alkylamine;



5 2. Asolid product according to Claim1 wherein the prills have a yellow
color within the region of the Miunsell Color Chart defined by Hue Synbol
5Y and O¥PI/4898ces: 8/4 to 8/12, 8.5/4 to 8.5/12, 9/4 tRCTEBI/GEI| usi ve.
10 3. A solid product according to C ai 1 or Cla|n12 wherein the yel |l ow
color is within the region of the Mins Col or Chart defined by Hue
Synbol 5Y and Col or Spaces: 8.5/8 to 8.5/ 12 and 9/6 to 9/8, inclusive. 4.
A solid product according to any one of Claims 1 to 3 wherein the pri IIs

have an LoqR¥er ag8oLl; Fesrllo . 550 feﬂ%w'esoar% qokd (?héggfglan% n!i r&°+t han

solid product |ng 0 any ‘one o al s con ning no

about 1 %K¢ ﬁ%‘%@ﬁi’ BT ihds. 20 6. A solid product according to any one of
claiml to aimb5, wherein the phenothiazine naterial has the fornula
(1) (R) A\ nR( nd r.e,the sae or
different ‘and a@gﬁ@ rdduc! 4co§d rhg%wéalw{}vﬂé%orﬁétl Ig%gr?gi 0 ﬁf g&ésha ”}Péﬁ gen:
branched &f/§ctt feany Fﬂe E'E?é’PrPonéﬁHn% Qb§tWYﬂ[RCéCP0@rﬁIOUQ,53mJ AsligseuR: ort aa aralkyl

hydr ocar bgrougr angsheselotty edsdbsomtdder ngfmpte@owysaﬂbbﬁgor@f m@Hb)éP of @Jekg-‘remb

and al kyn p 0 o] C N atons subst

unsubst | tﬁlt)%%gtﬂp pr %§‘¥%J”Pr%f§‘fjb§'ﬁ°6% uf“é@g derl) iR R f‘lﬂxéd a&?‘%ﬁ k?'lky'a?‘éﬂ?ps
sul fonyl ; &%[Pb\b@rb%m% angsigani ne; WO 01/ 40209 PCT/ GBOO 04600 11
hydroxy; carboxy; silyl; S|ony and derivatives and salts thereof; and m

2 3 oo, "CREE bl SR B B B Qe A ko

consi sting of a hydrocarbon group, an aryl group or an aralkyl group, and
the noietyg is Nﬁbﬁalﬁr@@lﬁﬁa@éordlﬂ%]% EIH% EWHRYeiRtthd ﬁ%?l%tf@é%érﬁl |5‘ s thbe
group co(ﬁhs ﬁg of oxygen, sulfur, silicon, nitrogen, sulfony car boxy,
am ne, hydroxy, carboxy, SI lyl, and siloxy. 10 8. A solid
pr oduct accordl ng to claim 6 wh e| n each of R1, R2, and R3 is hydrogen.

9. A solid product acgcg erein the phenothiazine materi al
has t he
@
15
10. A solid product according to claim 1, wherein the prills are formed by cooling
molten droplets of phenothiazine in an inert atmosphere.
11. Asolid product according to any one of Claims 1 to 10 wherein the phenothiazine
20 material is phenothiazine.
12. A product according to Claim 11 wherein the prills are a greenish yellow to yellow
color.
25 13. A product according to Claim 12 wherein the color falls within the region of the

Munsell Color Chart defined by Hue Symbol 5Y and Color Spaces: 8/4 to 8/12, 8.5/4 to
8.5/12 and 9/4 to 9/8, inclusive.

14. A product according to Claim 12 wherein the color falls within the region of the
30 Munsell Color Chart defined by Hue Symbol 5Y and Color Spaces 8.5/8 to 8.5/12 and 9/6
to 9/8, inclusive.

15. A method for making a solid product in prill form comprising breaking a stream of
molten phenothiazine material into a plurality of evenly sized droplets and cooling the



formula (1): H N I 1 (I) S 15 10. A solid product according to claiml1,
wherein the Pri |1s are formed by cooling nolten droplets of phenothiazine
in an i nN%PO14028sphere. 11. A solid product accordi ng to PIRGBI@4em0 Cl ai ms
1 to 10 wherein the phenot hi azine 20 rrﬁt erial is phenothiazine. 12. A
product according to Caim11l wherein t & prills are a greenish yellow to
yellow color. 25 13. A product according to Caim12 wherein the col or
falls within the region of the Minsell Color Chart defined by Hue Synbol
5Y and Col : . 5/ 4.t0 9/8 .

e usi vo. T8 R6 T8 Sofs pAISL rerbiattns ki, the Aol ey peive

wi thin t hd"3'RigINGH %‘?"W%'"eﬁ@aﬁ/ﬁﬁwnm%mﬂemwtﬁetmql@msltﬁq- by Hue Symbol 5Y
and Col or Spaces 8.5/8 to 8.5/12 and 9/6 to 9/8, inclusive. 15. A nethod
for maki ngga sq| A I [ ising _breaking a stream of
nol t en phgg'ot h?lag?ﬁ@rd?r%egﬁ'daq] toﬁ?\'? ,8]] ég&“ﬁ&aﬁf‘%mg? g%@qumgs%q%%g %’P?S‘ﬁfag]t% and
cool i ng t METO@AN01/ 40209 PCT/ GBOO 04600 12 droplets to formsolid prills of
phenot hi azine material, the phenothiazine nmaterial being naintained within

an inert S eny| all L. ten state. 16. nmet hod _accor di ng
to Claim %Z V\hz\r@%ﬁﬁtqﬁ%tc?%rdt t%gdggmga? ﬁ&g?rhaé’?‘e@‘gﬁ%f%\/‘%aé‘a"% Phenpiazgigen .
17. A net 368 EeYAlIra ot Feaeathan2I58¢. G ai m 16 wherein the nol ten

phenot hiazine is at a tenperature not greater than 215C. 10 18. A nethod

! . . gkt o C
e ohEnoribs, § AL o hd By e 1 CRRIT 1840t B BB N PhivethaRned
accor di ng Materighis Rhesokiaz@eai ns 15 to 18.

19. A solid product in prilled form made by the method according to any one of Claims
15 to 18.



