STEAM PRECI PI TATTON JET BACKGROUND OF THE | NVENTI ON

The present invention relates generally to - . steam precipi t agbyTLEBY
producing resin powder fromb5 liquid resin solution, and, nore 90S
specifically, to a jet assenbly for 'mxing the stean1and resin solution
to produce an atom zed spray fromwhich the resin - powder is '
preci pitat ed. . Steam precipitjation is a common process of 10
produci ng solid resin powder, such as pol ycarbonate, by introducing a
liquid resin solution, such as SIﬂ%%%E%?ﬂlﬁ?ﬁﬂiﬂdﬁ_pﬁﬁhy'e”e chl ori de
(MeCl[err]) sol vent, I nto steam wni ch subsequently vapori zes the

sol vent to isolate the solid resin or polycarbonate in powder 15 form
The process typically injects resin solution contalnlng 10% to 30%

pol ycarbonate by weight into ponent known as a

jet to produce a spray. The*4 from t he
spray precipitates solid granular polycarbonate 20 pomder which is
conventionally recovered in The preﬁﬁntﬂﬂnxgnqmoacmpﬂaaEBogepspahgylbop.
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and the efficienc use may be eval ua atlng a
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steam mass fl ow rejteft ae seh® 178 Forf Mawingt ehef stBem andreésini §68hiohover
values of the S/R ratlo i ndi cat e
o produce an atomlzed spray from which the resin

powder is precipitated.

Steam precipitation is a common process of

10 producing solid resin powder, such as polycarbonate,
by introducing a liquid resin solution, such as
polycarbonate in methylene chloride (MeClj) solvent,
into steam which subsequently vaporizes the solvent to
isolate the solid resin or polycarbonate in powder

15 form. The process typically injects resin solution
containing 10% to 30% polycarbonate by weight into
high speed steam in a component known as a jet to
produce a spray. The evaporation of the solvent from
the spray precipitates solid granular polycarbonate

20 powder which is conventionally recovered in a
downstream precipitation piping loop.

Steam uéage in the precipitation process is
a significant cost factor and the efficiency of steam
use may be evaluated by calculating a steam-to-resin
25 ratio (S/R ratio) which is defined as the ratio of
steam mass flow rate to the mass flow rate of the
resin itself.'_Lower values of the S/R ratio indicate
better steam efficiency. The operating S/R ratio in
current precipitation jets typically varies from about
30 1.6 to more than 2.2 depending on process conditions



better steamefficiency. The operating S/Rratio in current
precipitation jets typically varies fromabout 30 1.6 to nore than 2.2

dependi ng on process conditions - 2-
and resin grade. The mi ninumoperating S/Rratio is limted by the
onset of undesirable powder properties such as | arge powder particles
or aggl onerated chunks . thereof, and/or. plugging of the precipitation
jet and 5 downstream equi pnment. O her facter& kn eval uating

precipitation jet performance include the ability to oper at e

efficiently over aandngesdh gesde.solheiminimumfomerataires,s/Mmdatitd iszation
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In one conventional precipitation jet, a

plurality of cylindrical barrels are circumferentially
spaced apart and feed a common annular impingement
cone which in turn communicates with a common tubular
15 throat and diffuser extending downstream therefrom.
Each of the barrels includes a convergent inlet for
injecting the steam axially into the barrel and a
separate inlet for the resin solution which is
injected immediately downstream of the steam inlet.

20 In operation, thg'spray from the steam and
resin solution inlets flows axially downstream through
the individual barrels and then flows radially
inwardly along the impingement cone and in turn to the
common throat and is discharged from the jet into a

25 conventional precipitation piping loop from the
diffuser. Resin films form in the individual barrels,
on the impingement cone, and around the downstream
throat which allows for greater opportunity for film
buildup or solidification resulting in degraded

30 performance. As the resin flow rate incieases,

'~ undesirable plugs of partially precipitated resin tend
to form within the barrels themselves. These plugs
are ejected as large chunks or grow out of the barrel



diffuser. Resin filns formin the individual barrels, on the

f npi ngenent cone, and around t he downstream throat which allows for
greater opportunity for film buil dup or solidification resulting in
degraded 30 performance. As the resin flow rate increases,

undesi rabl e plugs of partially precipitated resin tend to formw thin
the barrels thensel ves. These. pl ugs are ejected as |arge.chunks or
grow out of the barrel - 3 - 3- to form
| arger plugs in the inpingenent cone and domnstrean1tub|ng
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10 jet which are important factors in atomization and
precipitation of the resin solution which in turn
effects complex performance behavior of the jet.

S £ the I £
A precipitation jet includes a nozzle

15 having an inlet for receiving liquid resin solution, a
conical tip, and a plurality of circumferentially
spaced apart outlets extending through the nozzle tip
for discharging the resin solution. A tubular
receiver is disposed coaxially with the nozzle tip and

20 is spaced axially therefrom. The receiver includes a
frustoconical impingement surface spaced axially from
the nozzle tip to define therewith an annular flow
channel having at opposite ends thereof a channel
inlet for receiving steam and a channel outlet for

25 discharging an atomized spray of the steam and resin
solution for precipitating resin powaer from the
spray. '

The invention, in accordance with preferred
30 and exemplary embodiments, together with further
objects and advantages thereof, is more particularly
described in the following aetailed description taken



20 is spaced axially therefrom The receiver includes a frust oconi cal
i npi ngenent surface spaced axially from . the nozzle tip to define
therewith an annul ar fl ow channel having at opposite ends thereof a
‘channel inlet for receiving steam and a channel outlet for 25

di scharging an atom zed spray of the steam and resin solution for
precipitating resin powder fromthe .Spray. Bri ef
Description of the Draw ngs - Fhe invention, in accordance
with preferred 30 and exenplary enbodi nents, together with further

obj ects and advant Qﬁeéoﬁﬁﬁﬁéﬁ’ion'él@ﬁ’réhé’aééé&x%é’ﬂﬁ’ng drifisgsd hed in the
follow ng detail ed descrlptlon t aken

-4- in conjunEPFGH with the acconpanying draw ngs i.n whi ch:
Figure 1 is schematic representation, partly in section, of a steam
precipitation jet in 5 accorda@ueewﬂthsosehemhodbneepreéehh&tpémsent
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powder therefrom na V|e rough a
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al ong |ine 2-2 showhggnpebh! @8;? Q oﬁlxz;ng”é’zﬂ&ui@rréﬁ&cé ﬂﬂ:ltdhe #dqui d
resin solution into one end ubi récelver whic | so receives
t he precipitating powder therefrom

Figure 2 is a sectional view through a
portion of the precipitation jet illustrated in Figure
10 1 and taken along line 2-2 showing portions of a
nozzle for injeéting the liquid resin solution into
one end of a tubular receiver which also receives the
steam.

Figure 3 is an enlarged sectional view of a
15  portion of the adjoining nozzle and receiver
illustrated in Figure 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT (S)

Illustrated in Figure 1 is an exemplary

20 embodiment of a precipitation jet or nozzle assembly
10 in accordance with the present invention for mixing
a suitable gas 12 such as steam with a conventional
liquid resin solution 14 for precipitating resin
powder therefrom. The resin solution 14 may take any

25 suitable form including for example polycarbonate in a
methylene chloride (MeCljy) solvent which may contain
from about 10% to about 30% polycarbonate by weight.
By suitably injecting the resin solution 14 and the
‘high speed steam 12 an atomized spray is created, with

30 the methylene chloride solvent vaporizing therefrom
for precipitating solid granular polycarbonate resin



st eam Figure 3 is an enlarged sectional view.of a 15
‘bortion of the adjoining nozzle and receiver illustrated in Figure 1.
DESCRI PTI ON OF THE PREFERRED . EMBODI MENT (' S)
I[llustrated in Figure 1 is an exenplary 20 enbodi nent of a precipitation
jet or nozzle assenbly 10 in accordance with the present invention for
m Xi ng a suitable gas 12 such as steamw th a conventi onal liquid
resin solution 14 for precipitating resin - 5 powder therefrom The resin
solution 14 nmay take any 25 suitable formincluding for exanple

pol ycarbonate in owdeﬁemyéﬁnfzs‘:&&m&l.el& efédavei@d/eﬁtoml ch rray
contain from about 10% to, about 30% po) cagrbona,te %H‘ [
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atom zed spray is created, with 30 the nethylene chlorlde sol vent
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| oop 16. S proximghecend: thereef| feresrece mindrthy liquigy nesdm cal
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receiving the I|qU|d rfi Iutlon }4 from conventional, neans 20 for
suppl yi ng quid res solut which typically includes a

suitable pump and resin solution reservoir for
injecting the solution into the nozzle inlet 18a at

10 suitably high pressures in the range of about 100-400
psig for example. The nozzle 18 further includes a
conical tip 18b at a distal or downstream end thereof.
A plurality of circumferentially spaced apart nozzle
‘outlets 18c in the form of cylindrical holes for

15 example extend axially through the nozzle tip 18b for
discharging or injecting the résin solution therefrom.

An annular or tubular receiver 22 is

disposéd coakially with the nozzle tip 18b about a
common axial centerline axis 24 of the jet 10 and is

20 spaced axially downstream from the nozzle tip 18b.
The receiver 22 includes at an upstream or forward end
thereof a frustoconical impingement face or surface
22a which is spaced axially downstream or aft from the
outer surface of the nozzle tip 18b to define

25 therewith an annular or conical flow channel 26 having
an annular channel inlet 26a at an upstream or forward
end thereof of maximum diameter of the conical flow
channel 26. The channel inlet 26a is disposed in flow
communication with conventional means 28 for supplying

30 the steam 12 under a suitably high pressure up to
about 160 psig for example. The flow channel 26 has
at an oppbsite or downstream end, which is the
smallest diameter thereof, an annular channel outlet



the liquid resin solution which typically includes a sui tabl e punp and

‘resin solution reservoir for I njecting the solution into the nozzle
inlet 18a at 10 suitably high pressures in the range of about 100-400

psig for exanple. The nozzle 18 further includes a conical tip 18b at a
.distal or downstream end thereof. A plurality of circunferentially
spaced apart nozzle outlets 18c in the formof cylindrical holes for 15
exanpl e extend axially through the nozzle Llp 18b for di schargi ng or
|nLeft|ng the resin solution therefrom An annul ar or

tubul ar receiver 22¢4s g SpRSE et |s® ralyp o¥8lehabout
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upstream or forwar dg e X el er al fl
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- 6- 26b fI0 diconvangiogadlgevetopengdainonthedrspeipitatior loop 16

extending from the downstream end of the jet 10.

. The receiver 22 further includes a single
cyiindrical tube or barrel 22b extending downstream
from the channel outlet 26b and coaxially with the

15 nozzle 18 for receiving and channeling the resin
solution film along its inner surface, with the high
velocity steam 12 passing therethrough to continue
atomizing the film. A single outlet 22c of the barrel
or receiver is disposed at the aft or downstream end

20 of the barrel 22b for discharging the atomized spray
into the precipitation loop 16.

The basic jet 10 illustrated in Figure 1
provides a simplified flow design for improving the
introduction of both the steam 12 and resin solution

25 14.for effecting improved control of.impingement of
‘the resin solution and improved control of the
velocity of the steam and vaporized'solvent for
improving efficiency and performance in precipitating
the resin powder. The jet 10 provides various

30 improvements over free atomization precipitation jets
wherein steam and resin solution are mixed in the
open, as well as improvements over the multi-barrel

embodiment discussed in the Background section. For



steam 12 and resin solution 14, which resin solution 14 is injected

into the fl ow channel 26 fromthe nozzl e outlet 18c. The resin solution
14 initially 5 fornms a filmalong the inpingenent surface 22a, with

t he hi gh speed steam 12 increasingly atom zing the resin solution film
The hot steam 12 al so vapori zes the solvent in the resin solution 14
for precipitating solid.granular resin powlder therefromwhich is 10
conventionally recovered in the precipitati-of? ~oop 16 extending from

t he downstream end of the jet 10. The receiver 22 further

I ncl udes a single exampyk|nbotbaktheubteam barapd RRé easbmohq:@Mmsltq eam
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di scharging th atBﬁFféBl§BFé?n of re§ig PﬂgdﬁFeEFEPtéTPBﬂV?%op 16.
The basic jet 10 ilelffdicieneg.in Figure 1 provides a sinplified flow
design for inproving the introduction of both the steam 12 and resin

solution 25 14 for effecting (ngﬁif%ﬁgk§pl qughggqqﬁn%ﬁggt d lnthe

resin solution and i nproved contro F8amt and
vapori zed sol vent Fdgure 1.|#pﬁo@pﬁgléfpuéﬂgﬁéylﬁﬁdaperﬂesn@ﬁe@ im the

preci pi tating nld2% 1ee%iip ABWlakialhg b@twé@np&ﬁw éﬁﬁnﬂéil OhibeR26a
i mprovenents over free atonization Bre0|p|tat|on jets r e éeam
and resin sol it on 0% thex &hanpelngutlet goby and LBe) £1ev; ﬁB?%W%ﬂé% s over

the multi-barrel incledesdiam@ivedigitigspedtibnt RécBankghoppdfseathipn. For

gradually increases in flow area from the nozzle
outlets 18c to the channel outlet 26b. The increase
in area is preferred for accommodating the flow area

15 occupied by the injected resin solution 14 and the
evaporation of the solvent therefrom for maintaining
as high a velocity as possible of the steam or solvent
vapor for maintaining improved efficiency of
operation. As the developing spray flows downstream

20 from the common axial plahe of the nozzle outlets 1l8c,
evaporation of the solvent increases which in turn
increases the fraction of the solvent in its vapor
phase. The increasing flow area of the flow channel
26 in its downstream direction accommodates the

25 increasing fraction of the solvent vapor for
maintaining high wvelocity and'efficiency of operation.
The spray then enters the heated precipitation loop 16
wherein evaporation of solvent from the spray
continues and steam condensate formed from the

30 evaporation of the solvent is revaporized and
conventionally removed with the solvent for producing
the powder resin.



-7- - exanpl e, both the steam 12 and the resin sol ution 14 are

s«immedi ately introduced into the fl ow channel 26 defi ned between the

i mpi ngenent surface 22a and the nozzle tip 18b for providing effective
atom zation and 5 precipitation of resin powder with inproved

efficiency. In the preferred enbodinment illustrated in
Figure 1, the nozzle outlets 18c are disposed in the nozzle tip 18b

axi ally between the channel inlet 26a 10 ang the channel outlet 26b, and
the fl ow channel 26 i ncl udes a diverging portion 26¢c which preferably
gradually increases in flow 34 r@fli-ae o#0Lhkenozz 16Ut LE! 283 58nd e
channel outlet 26b. The increase in area is_preferred for accomobdati ng

the flow area 15 bestpre® BPdi RE FRPeEREBIVEE| A2 sbt Ut bisumAthth thdwore
evapor ation of thep&Qlt\i%ﬂllatrHQE(eﬁhOFh.fgﬁte532nhﬁﬂnBUg In o¥dehitgh a velocity

as possible of the steam or d
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solvent in its vapor e |1ncre ow area of
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ef ficiency of operatiagn. ray ters t he heated precipitation
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t he powder resin.
the diverging portion 26c increases in flow area

downstream from the throat 26e. In the preferred
embodiment, the throat 26e is disposed closely

15 upstream-of the aft ends of the nozzle outlets 18c for
maximizing velocity of the steam 12 just prior to
introduction of the resin solution 14 injected into
the flow channel 26 at the nozzle outlets 18c.

The arrangement of the nozzle tip 18b

20 inside the upstream end of the receiver 22 provides a
.simple and efficient configuration for commencing
atomization of the resin solution 14 by the steam 12
with immediate impingement of the resin solution 14
against the impingement surface 22a to form a film for

25 subsequent atomization and to effect desirable
morphology of the resulting resin powder. The steam
12 and resin solution 14 are separately injected into
the common upstream end of the flow channel 26 at its
converging portion 26d. The impingement surface 22a

30 allows a film of the resin solution 14 to initially
form thereon and then be atomized by the injected
steam 12. The developing spray is then channeled
radially inwardly and axially aft in the flow channel
26 while the flow area therefor is increased by the



-8- The juncture of the nozzle tip 18b and the upstream
end of the receiver 22 is illustrated in nore particularity in Figures
2 and 3. In order to maxi m ze the velocity of the injected steam 12,
the 5 flow channel 26 further includes a converging portion 26d j oi ned
to the diverging portion 26c at a steam gap or throat 26e of m ni num

fl ow area between the outer. surface of the nozzle tip 18b and the
opposi ng i mpi ngenent surface 22a. The €ofiverging portion 10 decreases
in flow area to the throat 26e for accelerating the steam 12 to a

maxi mum vel oci ty, diwerging heoih Mar (6 witrdh dre 126C madatedsesmakiimbhow ar ea

downstreamfromt r@esie%f%g @&eiqé&&&efe%ﬁfe&;eh%@e’ embodi nent, the throat

26e i s disposed clo upstream o nds of the nozzle outlets
18c for maxi m zing velocity of the steam 12 just prior to
i ntroduction of the resin soRefebring agpbeter Figwres 1 tapd A.okh€hannel 26

at -the nozzle outl&am8L2 from the steam subi@ma3N@RRMangkleheinesdzl e
tip 18b 20 inside_the

upst ream end the recei ver .22 provi des
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the resul ting resi®n@ofiethe Mezzieall as wellamp tdsi enddiret iregeiresr e
separately injectegl] ndfd is $PcE&@MPHANSIFRAM G RtWahlll ewesBaraal 26
“at its cogéerglng gortlon 26d. The i |qg§nent surface 22a 30 allows a
filmof the rédin SQIY ?fﬁ@]ﬂPt%P%?ﬁt?%ﬁ#%% wHighne%t&8% and t hen be
atom zed by the i ngte¢wdferent £4 Fyn drbunkh et ke \wHaapielg isyliedy 2i6a then
channel ed first receiving the steam 12 from.the steam supply 28

and in turn channeling the steam 12 axially into the

channel inlet 26a. The steam supply 28 therefore
15 channels the steam 12 through a suitable housing inlet

into the inlet blénum 32 for flow in turn into the

channel inlet 26a.

In the preferréd embodiment of the

invention illustrated in Figure 1, the jet 10 is

20 specifically configured for obtaining choked flow of
maximum sonic velocity (Mach No. = 1) at one of the
throat 26e and the barrel outlet 22c¢c. For example,
the barrel 22b preferably has a predetermined constant
inner diameter D and a predetermined axial length L.

25 The diameter D and streamwise length L affect maximum
jet flow capacity since design flow is limited by
choking of the steam and solvent vapor at the fixed
diameter barrel outlet 22c¢c. Increased barrel length L
allows a longer region to atomize resin film therein,

30 but effects a greater solvent vapor mass fraction at
the barrel outlet 22c. The result is reduced steam
capacity, lower velocity thorugh the barrel 22b,
increased sensitivity of performance to flow rate



radially inwardly and axially aft in the flow channel 26 while the
‘flow area therefor is increased by the

-9- di verging portion 26¢c whi ch hel ps naintai n nmaxi num
i ncrease efficiency.

steam 12 fromthe stean1supp|y may be channeled into 5 the channel

Referring again to Figures 1 and 2,

26a in any suitable manner..In the preferred enbodinent illustrated

Figure 1, a

t ubul ar housing 30 surroundsoat | east the downstream
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velocity to

t he

in

end of the nozzle 18 as well as the entire receiver 22, and is spaced
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ext ends circu
receiving the ste ﬁFffaFF
the steam 12 axi alawaiilaibdet ke atomdhanmebxnnféﬂmZGhutT@evsse@mesm@ply 28

Chanias Lhe $i2aThid by auaned shktablealebRGcdpletey

into the inlet plenum
In the preferred @msorehanitor thyeough tPﬁvPﬁFFﬁH ??Pust?%f%ﬁd+?ﬂ¥¥gure 1,

t herefore 15

the jet 10 is
- maxi num soni c
barrel outl et
pr edet er mi ned
length L. 25

s ae éegtg Eﬁp%hag grens Bﬁ%ZS%g{%;n chaahéffng

owin turn annel 1'nl et

20 pyrecitheC dilamet@ iDyuhad bhetreabliangt ROL CaADK echdsenv 105

consdardition ifiurereaihaspeerd flcade sa.gpr egpl écat ben. axi al
The dianmeter D and streamni se | ength L affect maxi num

10

15

20

25

30

Furthermore, the steam supply 28 is
preferably effective forlproviding the steam 12 at a
predetermined supply pressure at the channel inlet 26a
for obtaining choked flow at the channel throat 26e.
Similarly, the resin solution supply 20 is also
preferably effective to supply the resin solution at a
predetermined flow rate through the nozzle outlets
18c, and the channel throat 26e also has a
predetermined flow area. These predetermined
parameters of barrel diameter D and length L, steam

supply pressure, resin solution flow rate, and throat

flow area are collectively selected for obtaining
choked flow at either of the throat 26a or the barrel
outlet 22c¢.

The operation of the jet 10 is based on .
matching the throat flow area, barrel diameter, and
flow rates to maintain high vapor phase velocity both -
at the throat 26e and throughout the barrel 22b. This
is done by appropriate choice of barrel diameter D in
the design of a jef for a particular flow rate range,
and then by appropriate adjustment of the throat flow
area and resin solution flow rate during operation.

At low resin solution flow rates and small throat
areas, the vapor phase flow is choked at the throat
26e with a sufficiently large barrel flow area .

151 S O P B, 298, Sl opekdf e 200 20 (1
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jet flow capacity since design flowis limted by - choking of the steam

and sol vent vapor at the fixed di aneter barrel outlet 22c. Increased
barrel length L allows a longer region to atom ze resin filmtherein,
30 but effects a greater solvent vapor mass fraction at t he barrel
outlet 22c. The result is reduced steam capacity, lower velocity

t horugh the barrel 22b, .increased sensitivity of performance to flow
rate - 17 10 - changes, and
reduced operating flowrate flexibility. = Decreased barrel length L
shortens the regigliativa/dld Al ch@odkO16h beshNahi! fow bbb ByES At er
flowrate flexibility due to increased steam capaclity nd vel ocity

t hrough t he barrePhES§ CORtEHtditRgk¢eP thebHPﬁ°FhEhEP8n§?é?CEF&nHP%%rre
length L are chosemalnO the leRidlMichokpd hendeity at the PesréEdowpbedt i ng

diti f f d ti
The st eam suppl y 229 10 SForbiant TaFFoaride Pl "EFERPeR AR efer sttt 12
at a pr eded er mersdoh sgppltyiopr o eagte tilse iokaeraskd| nthe QSnor phdse
obtai ni ng choked f 1|Q>‘§6 aeéd?d’esc%%’i la 'aahll Wl g)g&'rel o?§ig’c' é‘? M‘&mrﬁ%' n

solution supply 2 prefer y effective to su ﬁ fe Tes
solution at a 15 twraddidtisnddief II30w sade wfos§ramhthreng %lt]l'é% 510-

1ﬁc and the chanmelid hfm{ok?efse t&iesmfaﬁsaa; lthe @h@dﬁ&enabpeéeab@mgr ea.
suppl v pressur o, PEaAR SHIRHTY Aol SOUG | APBaPoBE PEoNFarBatiE
collectively QQIexnnahéxriqﬂnﬁmqmlq}oked flow at the throat 26e to
choked flow at the barrel outlet 22 occurs varies with
resin solution flow rate and barrel diameter D. It is
preferred that the jet 10 be operated at conditions as
near as possible to the transition point in order to
15 maintain maximum vapor phase velocity throughout the
jet 10 for enhancing the ability to atomize the resin
solution and avoid plugging of the jet. 10.

Various trials using various forms of the
jet 10 have been conducted for evaluating performance
20 of the jet 10 based on several parameters. Parameters
studied include barrel length L, barrel diameter D,
exit geometry of the barrel, steam gap dimensions
defining the throat 26e, and dimensions of the nozzle
outlets 18c¢ for injecting the resin solution. The
‘25 trials were also conducted at various S/R ratios down
to about 1.05 to show effective operation of the jet
10 without undesirable powder morphology due to
failure to properly atomize. The tested S/R ratios
down to about 1.05 are substantially lower than known
30 S/R ratios currently available in prior art jets.
Accordingly, steam usage efficiency may be greatly
increased using the present invention. The ideal
minimum S/R ratio for typical process conditions is
estimated at about 0.8, with the jet 10 in accordance



choked flow at either of the throat 26a or the barrel - outlet 22c.

The operation of the jet 10 is based on mat ching the throat flow area,
barrel dianmeter, and 25 flow rates to maintain high vapor phase velocity
bot h at the throat 26e and throughout the barrel 22b. This i s done
by appropriate choice of barrel diameter D in the design of a jet for a
particular flow rate range, - and then by appropriate adjustnent of the
throat flow 30 area and resin solution fl-o2ate during operation. At
|l ow resin solution flow rates and snall throat areas, the vapor phase
flow is choked at witthttheairesent Zaevestiior briflg capablly bir geobalyel flow

vapo phase ConT 2 %‘gf’lt‘%t His to he tt'tro eflo% r%%l)s) %olrogxgg‘p;(%an t he

vapor seph ¥ e S apor ase VEl oCity [es
| ocal choked vel ocThy triahe d»bso elnoluded demor@an”atA@nt o clonsanupbhew ar ea

s increased and/ opod fgr Pok 80D ROLUUIRN MG iS5 1BGCaES, chie vapor

phase fl ow becones choked at the barrel outl et
linits the floR raf@PIELLY cen $HFIHRYIChy jRETRSS Withl’ﬁleé’e&ﬁéhokes the

flow at the throat 8ﬁ§caf1§6h&télgre31n§,t epe Madiand tm:aaicuelaat 1 nt. The
point at which this {_ans t| rom cho

ed f ow at, a eto
choked flow at the™® ??% aBuY?%ﬁ Rk, o 99%§f\ﬁﬁ thrl'gg‘lh ?gVution
flow rate and barrahddhiglet £low gradés. As g efesuldd qfna;ﬂletSIeetJrelalsO b

operated at conditjgng; a5 refé‘f‘f’édaﬁna&‘?sﬁ{ '&Jﬁ&f%dw}mmn%% in
order to 15 maintaln maxi mva or ase velocit roughou
: recelver 22 be uncooled ox characterlzed by the

absence of means for cooling the receiver 22 so that
the resin solution film created along the inner
surface of the receiver 22 is maintained above the
local glassification temperature to reduce the

15 tendency for solidification and plugging. The heating
of the receiver 22 by the hot steam 12 is desirable
for maintaining effective operation of the jet 10.
The temperature of the receiver 22 may be otherwise
controlled for further enhancing performance of the

20 jet 10 if desired.

Referring to Figure 3, one preferred
embodiment of the invention includes a nozzle tip 18b
having a cone angle A of about 90°. The impingement
surface 22a preferably has a cone half angle B of

25 about 30°, which is a cone angle of about 60°, for
the diverging channel portion 26c. The impingement
surface 22a also has a cone half angle C of about 60°,
which is a cone angle of 120°, for the converging
channel portion 26d.

30 In a preferred embodiment of the ihvention,
the nozzle outlets 18¢ are cylindrical holes extending
axially parallel to each other and parallel to the
axial centerline axis 24. And, as shown in Figure 1,



jet 10 for. enhancing the ability to atom ze the resin sol ution and

avoi d plugging of the jet 10. Various trials using various
forms of the jet 10 have been conducted for eval uating performance 20
of the jet 10 based on several paraneters. Parangeters studi ed include
barrel length L, barrel dianeter D, exit geonetry of the barrel, steam
gap di nensi ons defining the throat 26e, and di nensions of the nozzle
outlets 18c for injecting the resin solutienl3The 25 trials were al so
conducted at various S/R ratios down to about 1.05 to show effective

operation of the je&he outletwi22ikoof theebiaraklle2pbwier prefehabbyyb et t 0

failure to properly.a 26 T ratl : o] t 05
are substantially %%ﬁgﬁg#hgﬁrkﬁgﬁksg%%gpglngi%Eggar%gﬁgl?ﬂgvgf€gg?%b%%
prior art jets. laxgesr dilagieyers prgmindsgs ionf lepent§ - mynbengreat |y
i ncreased using thQipkesRte cn¥Rlinent, TRAe BaRkel oufLBENPPEShEyrBEi 0 for
typi cal process_conditions'is ., estinmated at about 0.8, wth the jet_ 10
in accordance <2 tapered and diverge outwardly for providing a gragdyal:he

present invention haangitdeablte ahecllazejexr diameeachprgctipisavabnelwvoph the
1.05 ratio for exany e. The trials also included denonstration of

conti nuous operatiion for nore than four hours, along with the 5
capacity to successfully operate with several pol ycar bonat e resins,

i ncl udi ng branched, |ow A ekenirbarsghtlengtdis dolageuveabdé ght, hi gh
heat, and hi gh ddoaaRfleporSpadigal edfi gnheserbikdl fithl the 1S also

preferred that 1 he lf’é%l,lg%lhn% 3r()ansgljirnrg0111r}1divr;q:

t he _

ious tested embodiments from
1.5 inches to 37.5 inches, and with the preferred
embodiment being 21.5 inches with the barrel diameter

D of 1.75 inches.

Although the jet 10 illustrated in Figure 1
15 may be configured with predetermined dimensions and
fiow rates for a specific production process, the jet
10 may also be simply made adjustable for improving
its performaﬁce if desired. Since the conical flow
channel 26 is the major structural and functional
.20 element of the jet, its geometry may be easily changed
by providing suitable means 34 for selectively
.adjusting or varying, by axially translating at least
one of the nozzle 18 and the receiver 22, the flow
area of the throat 26e. Since the nozzle 18 and the
25 receiver 22 are disposed coaxially with each other to
~ define the flow channel 26 therebetween,.éither the
nozzle 18 may be translated relative to the receiver
22 as illustrated in Figure 1, or the receiver 22 may
be translated relative to the nozzle 18 (not shown).

30 The exemplary adjusting means 34
illustrated in Figure 1 includes a bull gear 36
suitably mounted to the forward end of the housing 30



10 recei'ver 22 be uncool ed or characterized by the absence of neans
for cooling the receiver 22 so that the resin solution filmcreated

al ong the inner surface of the receiver 22 is maintai ned above the
local glassification tenperature to reduce the 15 tendency for
solidification and plugging. The heating of the receiver 22 by the hot
steam 12 is desirable far maintaining effective operation of the jet
10. The tenperature of the receiver 22_npy be ot herw se controlled
for further enhancing performance of the 20 jet 10 if desired

Referring to FigurSeéwe@ﬁeapﬁﬁifr69dconveﬁ%¢55g t s tjdjn

I ncl udes a nozzle ti having a cone an A of about ;%1 The

i mpi ngenent suFPacE“ééagﬁ?EféFab?§ %%SI%F%EREQ¥¥H? %ﬂﬂﬂ§9l?9ﬁe ichhout
30[err], which isthreadéngbgl enghgaboukt&6h&I rihrdads 40 diwpadesergi ng
channel portion 26¢. The Lnpingenent.. surface 2 al so .has a ne f
angl e C of about 66f8???,5n lngﬁf%ﬁéf%ts %%ﬁ%l%ng éq% e]ﬁﬂﬁ rrﬁur (ﬁetﬁ?
conver gi ng &hahhelnp@zﬁEONBZGdA c@fventional posiwmienimefmotded 42 is
enbodi ment of the €.[072Z ' jLal
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hol es ext endi ng axially™p ra to e and para
axi al centerline akhe bullaggaradbsholi salergilyely rotating the pinion pe

outlet 22c of the Baankehs?2bnesppief geabl ssbiyn&aused%ofé@eat{@rm turn

?ggghigglrg ;26 Spr%X hnw1lahe pggigrgnge the é%ggad fgm¥é”aiié¥iJNtatlon

10 translate the nozzle 18 forward or aft as desired to
increase or decrease, respectively the spacing between
the nozzle tip 18b and the receiver 22. In this way,
the flow channel area of the throat 26e may be
selectively varied by axially translating the nozzle

15 tip 18b. A conventional linear bearing or bushing 46
is disposed between the outer surface of the nozzle 18
and a portion of the housing 30 to allow the nozzle 18
to accurately translate axially. A suitable seal 48,
such as one or more O-ring seals, is also provided

20 Dbetween the housing 30 and the outer surface of the
nozzle 18 adjacent to the linear bearing 46 to seal
steam leakage from the inlet plenum 32. |

Accordingly, the ability to selectively

adjust the flow area of the channel throat 26e by

25 translating the nozzle 18 provides a significant
parameter to optimize or tune operation of the jet 10
during operation for controlling efficiency of
operaiion. Since the size of the throat 26e is
variable, the pressure of the steam 12 from the steam

30 supply 28 may remain fixed, with steam flow control
being instead providéd by simple flow area changes of
the throat 26e as desired. Furthermore, the adjustable
throat 26e allows control of steam mass flow while
maintaining constant supply pressure and velocity at



al ternate enbodi nent, the barrel outlet 22c may be 5 tapered and diverge
coutwardly for providing a gradual transition to the larger dianeter
precipitation | oop 16. Various barrel lengths L are
usabl e dependi ng upon specific design factors, with the 10 length L
ranging in various tested enbodi nents from 1.5 inches to 37.5 inches,
and with the preferred enbodi nent being 21.5 inches with the barrel
di anet er D of 1.75 inches. 5 - Although the jet 10

illustrated in Figure 1 15 may be configured w th predeterm ned di nensions

and flow ral ggel Bhifies ?C&%sﬁnpssgueabanlp5ee@§§n e 4y 10 may

al so be sinply nmade "adj Usta | Mpr ovi performance if
desired. Since thepesatdag csgition. chEhﬁePn261?§ fhev nghanngt (4Rt ural and

L unctlongl 20 el ege b;ablatest Be??li% lel b&l aemhlrflaayp@ehemrlwe@éww

y providing suita ans sel ecti ye ng or, varying,
by axially translgp'ﬁg sEgem 12 an&néeﬁﬁntﬁ8lﬂ5ig?ei§ %ﬁék bt é%elver
22, the flow s taxl’ee&e@fulﬁzh.engt hegdn 36&ut$bncéllineandzsteall&:farhbthe 25

r ecei ver 22 are dlf\ﬁ% u%%[ail %ll f%r\ﬂh.&h a?%%gdox:ﬁ%f%\gln%emeﬁi@f é‘?&éé@ flow

.channel 26 thereb trans ted
relative to the ré@@u@@'the rqE@h%@ﬂ RRust Theef1pH FhaﬁﬁéllzsoPr?

receiver 22 my 4 untlffot:fnﬁ%%lxﬁh% 'eRlrate e b@ the Beéiheséﬁuf_ﬂ@fﬁ shmvn)
30 The exenpl ar Stl%& nmeans ed N %gre 1

i ncl udes a bul | g&Rd Fea gWDGHFeanothngSFgﬁ? %nﬁuhﬁa?

housing 30 10 accurate coaxial alignment of the nozzle 18 and the
receiver 22. This may be done by accurate machining
of these components and the corresponding supporting
structure. If desired, suitable centering screws or
adjustable bearings contacting the nozzle 18 may be

15 provided for adjusting the radial location of the

nozzle tip 18b relative to the impingement surface 22a
for adjustment if desired.

While there have been described herein what
are considered to be preferred and exemplary
20 embodiments of the present invention, other
modifications of the invention shall be apparent to
those skilled in the art from the teachings herein,
and it is, therefore, desired to be secured in the
appended claims all such modifications as fall within
25 the true spirit and scope of the invention.

Accordingly, what is desired to be secured
by Letters Patent of the United States is the
invention as defined and differentiated in the
following claims«



- 14 - between a pair of conventional thrust bearings 38. The bul
gear 36 has an internally threaded bore which t hr eadi ngl y engages
external threads 40 di sposed around an internedi ate portion of the
outer surface of 5 the nozzle 18. A conventional positioning notor 42 is
operatively joined to a pinion gear 44 which engages the bull gear 36.
By selectively rotating the_ pinion gear 44, the bull gear 36 is caused
to rotate in turn which will in turn causg the threads 40 to axially 10
translate the nozzle 18 forward or aft as desired to i ncrease or
decrease, respectively the spacing between the nozzle tip 18b and the
receiver 22. In this way, cikhasf | ow channel area of the throat 26e may
be selectively varied by axially translating the nozzle 15 tip 18b. A
conventional |inear bearing %r bushi ng _46 i s, di sposed between the outer
surface of the nozzle 18 andAaJBBrFPBnaBmeﬁé“ﬂogsfhﬁu 19 H | ow the
nozzle 18 to asolnafiehywithnsl gae for ghrecipi tsati irad| e sigalpotSier such

as one or nore Orj y fovided 20 between the housing 30
and the outer surfgggrgsgéﬁerﬁpgﬁgggﬁé 18 adjacent to the |inear bearing

46 to seal steam | eakage fromthe inlet plenum 32. . .
Accordingly, the ability to fePeZgilgehpving agj intethor| sarateindisaird
channel throat 26e1byu28 rbbaASkalubgoh eaneadri€allt {if M desdistd1gRindd cant

B o1 on. b FFBrBhey BRa R DObEeLsth b P ok Ebmibhren Y SeBlBif L.

or controlling e n- oa

26e is vari abl aparbeoptéessar exbéntihegsteaoudl? $aixdnndrwezlst aaip Idr suppl y

28 may renmin fixe is@h&ggihsagkﬁho¥%%99t%8¥%tionpﬁhﬂg i nstead provided by
e

sinple.fl ow area changes roa e as desired. Furthernore, the
adj ust abl e throat 26e allows control of steam mass flow while

mai nt ai ni ng constant supply pr&3dylaraxgcedvee fjspesed coaxially with
said nozzle tip and spaced axially therefrom, said

receiver including a frustoconical impingement surface
spaced axially from said nozzle tip to define
therewith an annular flow channel having at opposite
ends thereof a channel inlet for receiving said gas
and a channel outlet for discharging an atomized spray
of said gas and said resin solution injected into said
flow channel from said nozzle outlet for precipitating
said resin powder from said spray.

2. A jet according to claim 1 wherein said
receiver further comprises a.cylindrical barrel
extending from said channel outlet and coaxially with
said nozzle for channeling said spray therethrough.

3. A jet according to claim 2 wherein:

said nozzle outlets are disposed in said
nozzle tip axially between said channel inlet and said

channel outiet; and

* c L M S *



- 15 - the point of resin solution injection for any operating
condi tion. The annul ar flow channel 26 provides a single or common flow
path for receiving both the steam 12 and resin solution 14 which all ows
5 the resulting resin solution filmand steamto be di stri buted

uni formy around the inpingenent surface 22a of the receiver 22. The

fl ow channel 26 provides a uniformannulus for flow of the resin
solution film and st eamt her et hr ough and,yay be effected by suitable 10
accurate coaxial alignnment of the nozzl e 18 and the receiver 22. This

may be done by accurate MAchigfid e)ou QhaliAE3e 1GQTRANENGS 1304 LR,
correspondi ng supporting s ruc ure. esi re sui table céntéring

screws or adj upoattlienpdaciregsiogntiacfiny @hean§ZQMe518dnngzbb915

provi ded for adj ustyyrd eltlae tadiadly bggghbgnogglgge nozzle tip 18b
relative to the inpingenent surface 2 for adjustnent if desired

Whil e there have been descri bed gfrel mhat

re Gonsi
preferred and exenplary 20 éhbo rﬁﬁﬁs?Qﬁoﬁqﬁ§ng§%§ﬁF &eﬂ eﬁﬁlnoﬁﬁep
nodi fications of tifaow\ohannel Soalthelreiappadest at converyhngepsktidrd in

the art fromthe t?ﬁﬁﬂkﬁpi h%%ﬂd dlvefgﬁﬂgthrgipntQ?rgfgﬁgoaﬂeﬁ#red to be

secured in the pende clains al I'cati ons as wthin 25
the true.spirit andisdopem dlowh@ariegavemitdnsaid converging popgtenrdi ngly,

what i s desired tO di-30aal in £1dW al@h! €S sBaLCRhrBhe! g Ui ted States

s the . invention as defined and differentiated,in the tollomnng
cl ai ns: accelerating salid gas, and said dlverglng portlon

increasing in flow area therefrom.

5. A jet according to claim 4 wherein said
throat is dispoeed upstream of said nozzle outlets for
maximizing velocity of said gas prior to atomizing
said resin solution injected into said flow channel at
said nozzle outlets.

6. A jet according to claim S further
comprising a housing surrounding at least part of said
nozzle and said receiver, and spaced in part radially
outwardly therefrom to define an inlet plenum around
said channel inlet for receiving said gas and in turn
channeling said gas into said channel inlet.

7. A jet according to claim 6 in
combination with:

means for supplying said gas into said
inlet plenum;

means for supplying said liquid resin
solution into said nozzle inlet; and

a precipitation loop disposed in flow
communication with an outlet of said barrel for

e



16 - Cl ai nms 1. Ajet for atomzing a liquid resin
'solution with a gas for precipitating resin powder therefrom conprising:

a nozzle having an inlet for receiving said liquid resin solution, a
conical tip at a distal end thereof, and a plurality of circunferentially
spaced apart outlets extending through said nozzle tip for discharging said
resin solution; and . a tubul ar receiver disposed coaxially with
sai.d nozzle tip and spaced axially therefrem8said receiver including a
frustoconi cal inpingenent surface spaced axially fromsaid nozzle tip to
define therewi th apeastiving shdd spaapethénefnomato ofposisaidmesitther eof a
channel inlet for rggg%¥ing said gas and a channel outlet for discharging
an atom-zed spray BPYSS&ira gas and said resin solution injected into said

fl ow channel fromsaid nozzle outlet for precipitating said resin omﬁer
from said spray. B. AH gty A& 108 éF&PﬁPin%E?e?ﬁag’&i
receiver further cofRkle3@ds a cylindrical barrel extending from said channel
outlet and coaxially with said nozzle for channeling said spray

theret hrough. 3. spéildetbaarcr% r %iansg at %r%h%it@r%iwgﬁr ?hﬂ'er

diameter and a predetermined axial length;

said gas supplying means are effective to
supply said gas at a predetermined pressure at said
channel inlet;

said resin solution supplying means are’
effective to supply said resin solution at a
predetermined flow rate through said nozzle outlets;

said throat has a predetermined flow area;
and

all said predetermined parameters are
collectively selected for obtaining choked flow at one
of said throat and said barrel outlet.

9. A jet combination according to claim 7
wherein said gas is steam and said liquid resin
solution is polycarbonate in methylene chloride
solvent, and said resin powder is solid granular

polycarbonate.

10. A jet combination according to claim 9
wherein said means for supplying said steam and said
liquid resin solution are effective for producing a
steam-to-resin ratio down to about 1.05 with effective

operation of said jet.

A ) Y



said nozzle outlets are disposed in said nozzle tip axially between said
*channel inlet and said channel outlet; and

- 17 - said flow channel includes a di verging portion |ncrea3|ng
in flow area fromsaid nozzle outlets to said channel outlet. 4.
A jet according to claim3 wherein said flow channel further includes a
converging portion joined to said diverging portion at a throat of m nimum
flow area, with said converging portion deeremsing in flow area to said
throat for accelerating said gas, and said diverging portion increasing in

flow area therefrom 5. Ajet according to claim4 wherein said
throat is disposed upstream @fi. sahdjeezabmbmuhtebﬁ hotor@agn o nglased acity
of said gas prior to atom zin resin Iutlon Jn ed.int flow
channel at said no¥9fESHRtFREE. R8LE1AG°LE & ATACY Y2 accgpalﬁe a%s a?n15

further conprisingo& Meassngosucoonhdgngaad recsiverart of sald nozzle and
said receiver, and spaced in part radially outwardly therefromto define an

nfet plenumaround said chaggel pnlge hObokASRLVEBIcEAL Gaméudidn turn
channeling said gas into sai chann j et acgprdlng
toclaim6 in said nozzle outlets extend axially parallel to eac

other.

13. A jet according to claim 6 wherein
said barrel includes a blunt outlet for discharging
said spray into a precipitation loop.

14. A jet according to claim 6 wherein:

said nozzle tip has a cone angle of about
90°; and

said impingement surface has a cone angle
of about 60° at said diverging channel portion, and a
cone angle of about 120° at said converging channel
portion.

15. A jet according to claim & further
comprising means for selectively adjusting, by axially
translating at least one of said nozzle and said
receiver, said flow area of said throat.

16. A jet according to claim 15 wherein
said adjusting means are effective to coaxially
translate said nozzle relative to said receiver.

17. A method for atomizing a liquid resin
solution with a gas for precipitating resin powder
therefrom comprising:

separately injecting said gas and said
resin solution into one end of a conical flow channel

* [ L M S *



conmbi nation wth: means for supplying said gas into said inlet

pl enum means for supplying said liquid resin solution into said
nozzle inlet; and _ a precipitation | oop disposed in flow

conmmuni cation with an outlet of said barrel for

- 18 - receiving said spray therefromto formsaid resin powder.

8. Ajet conbination according to claim7 wherein: sai d barrel
has a predeterm ned inner dianmeter and a preggterm ned axial |ength;

sai d gas supplying neans are effective to supply said gas at a

predeterm ned presgugen,al ﬁ@%g?gﬂagng%niégf“im ingement surtidd 6%

sol ution supplying neans are effective to supply Said resin solution at a
predet ermi ned fl owcpaxdalheonynakapezabe P oIR3eed axially therefrom

said.throat has a ppedgtenikiRg féovhassPut 86 to form a developing
spray; and

channeling said developing spray radially
inwardly in said flow channel while increasing flow
area therefor.

18. A method according to claim 17 further
comprising channeling said developing spray downstream
from said conical flow channel with a substantially
constant flow area for a predetermined length.

19. A method according to claim 18 further
comprising channeling said developing spray to obtain
substantially choked flow.

20. A method according to claim 19 wherein
said gas is steam and further comprising producing a
steam-to-resin ratio down to about 1.05.

RN O ) '



¥
all said-predeterm ned paraneters are collectively selected for obtaining
choked flow at one of said throat and said barrel outlet. 9. A
j et combination according to claim7 wherein said gas is steam and said
liquid resin solution is polycarbonate in nethylene chloride solvent, and

said resin powder is solid granul ar pol ycarbonate. 10. A jet
conbi nation according to claim9 wherein said neans for supplying said
steamand said liquid resin solution are efggective for producing a

steamto-resin ratio down to about 1.05 with effective operation of said

jet. . SIEAM PREEIPITATION grr 11 A et
conbi nation according to claim?7 erern sal ousing I's characterized by

t he absence of neans for cooling said receiver. 12. A jet
according to claim6 wherein said nozzle outlets extend axially parallel to
each ot her. . 13. Ajet Lng .t | Al ein said barrel
includes a blunt outlet for disc [ precipitation

| oop.

A precipitation jet includes a nozzle

having an inlet for receiving liquid resin solution, a

5 conical tip, and a plurality of circumferentially
spaced apart outlets extending through the nozzle tip
for discharging the resin solution. A tubular
receiver is disposed coaxially with the nozzle tip and
is spaced axially therefrom. The receiver includes a

10 frustoconical impingement surface spaced axially from
the nozzle tip to define therewith an annular flow
channel having at opposite ends thereof a channel
inlet for receiving steam and a channel outlet for
discharging an atomized spray of the steam and resin

15 solution for precipitating resin powder from the
spray.

FIGURE 1



14. Ajet according to claim6 wherein: said nozzle tip has a
:cone angle of about 90 ; and sai d i npi ngenent surface has a cone
angl e of about 60[err] at said diverging channel portion, and a cone angle
of about 120[err] "at said converging channel portion. 15. Ajet
according to claim6 further conprising neans for selectively adjusting, by
axially translating at |east one of saidjzzle and said re ver, said
fl ow area of said throat. 16." A jet according lai m 15
wherein said adjusting nmeans are effectiye ate said
nozzle relative to said receiver.
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channel i ng said devel oping spray radially inwardly in said fl ow channel
“while increasing flow area therefor. 18. A nethod according to
claim 17 further conprising channeling said devel opi ng spray downstream
fromsaid conical flow channel with a substantially constant flow area for
a predeterm ned | ength. 19. A method according to claim18
further conprising channeli ng said develz)/m ng spray to obtain substantially
choked fl ow. 20. M
is steam and furt her corrprllnglgrodL&Eng,a stdamto-resin ratio down to
about 1.05.. 12
/
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