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Abstract A melt spinning apparatus for spinning continuoyss H%féo%s
filaments including a first stage gasriptget chanmber (105) adapted to be

| ocat ed bel ow a spinneret (113) and optionally a second stage gas inl et
chanber (106)' |ocated below the first stage gas inlet chanber. The gas

i nl et chanber gpeuppiTysgasnt erOMESY |FOYE RESINNE NP HOTRVERS t}%‘_@@{a%ﬁg e of
the filanmgnts. The nelt. spinning apparatus al so includes a tube (119) .

| ocat ed bel ow the second stage gas i nl et chanber -for surrounding the
filaments as they cool. The tuB&Ldg AFELIATIONSNt eri or wal | ha\élgngSa
convergi ng section | owed- b diverging,. secti

[err] %0 84 2001 Dpeg%i%c%%%%%tbo’ioﬁﬁay‘i‘?TEEl%gg‘é F’éﬁ’Be"fm‘goos APPARATUS
AND PROCESS F@ORSRINNI NG ﬁ@tW\Eﬁ@ﬁiAﬁEl\ﬁl& 5e:RE1.:@éI’ﬂD A;?Rhwkﬁé\ﬂ'cbl@ls Thi's
application [ f t erence inits

elr[:ltol rety proq\#s%n%nﬁlﬁgpi)%lc%fmo%@m? 1290154%£? f%d%r% 15, 1999. 10

BACKGRCUN@ OF THE | NVENTI ON
BACKGRODND QOF THE TINVENTION

The invention relates to processes and
apparatus for melt spinning polymeric filaments at high
speeds, for example over 3,500 meters per minute (mpm)

15 for polyester filaments.

Most synthetic polymeric‘filaments, such as
polyesters, are melt-spun, i.e., they are extruded from
a heated polymeric melt. In current processes, after
the freshly extruded molten filamentary streams emexrge

20 from the spinneret, they are quenched by a £flow of
cooling gas to accelerate their hardening. They can
then be wound to form a package of contimuous filament
yarn or otherwise processed, e.g., collected as a
bundle of parallel continuous filaments for processing,

25 e.g., as a continuous filamentary tow, for conversion,
e.g., into staple or other processing.

It has long been known that polymeric
filaments such as polyesterg, can be prepared directly,
i.e., in the as-spun condition, without any need for

30  drawing, by spinning at high speeds of the oxder of 5
km/min or more. Hebeler disclosed this for polyesters
in U.8. Pat. No. 2,604,667. In addition, much
attention has been given to the cooling, or quenching,

‘ of molten filaments in a spinning apparatus. See,

35 generally, WO -00 05439, WO 95 15409, EP 0 334 604, JP
621 84107 and JP 602 46807.

There have been essentially two basic types
of quench systems in general commercial use. Cross-

flow cuench has been favored and used commercially.
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The invention ?%7%?e§c?o processes and apparatus for nelt spinningUSOOOO10037

pol-ymeric filaments at high speeds, for exanple over 3, %%éﬁ?érﬁﬁe?ib%ﬁ
mnute (1pm cAsd o1 B0l ¥ESKEE [aIROL Sy WISy SYBLheLsCROl VIET IC
filaments, such as polyésters, are_nelt-spun,”i.e., e? are extruded from
a heated pol yrErPEvEEPeLY [RCERFT 2ied pEveBsaes, sifieepf the freshly extruded
mol ten fil anesaterydsed r eaEnees6f 2Br{0M ihen SBENPRE 8t cr-bBEYeBLE quenched
by a flow_of _coolin to accel erate their hardening. They can then be
wound to for i p%%%%%%a%f‘r i?ﬂfgu‘%u?i?]a?re‘ﬂ‘t:h@ry%%ﬁe off o RRr wi se
processed, e.g., collected as a bundle of parallel continuous filanents
for processing, 25 e.-g., as a continuous filanentary tow, for conversion,
e.g., into staple or other processing. It has |ong been known. that
polymeric filaments such as polyesters, can be prepared directly, i.e.,
in the as-spun condition, w thout any need for 30 drawi ng, by spinning at -
hi gh speeds of the order of 5 kmmn or nore. Hebel er disclosed this for
polyesters in U S Pat. No. 2,604,667. In addition, nmuch attention has
been given to the cooling, or quenching, of nmolten filaments in a spinning
apparatus. See, 35 generally, W 00 05439, WO 95 15409, EP 0 334 604, JP
621 84107 and JP 602 46807. There have been essentially two basic types of
guench systens in general comrercial use. Cross- flow quench has been
favored and used conmmercial ly. AVENDED SHEET 10-04-2001 DP6725 PCT US
000010037 16 Septenber 2003 Cross-flow quench involves bl ow ng cooling gas
transversely across and fromone side of the freshly extruded filanentary
array. Much of this cross-flow 5 air passes through and out the other side
of the - 1A AMENDED SHEET WO 00/ 63468 16 Septenber 2003 PCT/ US00/ 10037
filament array. However, depending on various factors, sonme of the air may
be entrained by the filaments and

- 1A -
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.be carried dowmm with themtowards a puller roll, which is driven and is
usually at the base of each spinning 5 position. Cross-flewdasmegwiogl |y

- been fa many fiber engineering firnms as puller ro&tus gs; (also
known as ‘588?:ﬁésra speeds’ and soneti nmes ref erred to as sprﬁﬁ@ng speeds)

have i ncreased b at "cro w_quench” provides the
best 10 way tofg? é'x?ﬁea? % eljzliérr"'rs)z‘IU-VréIh pce(%rlo rchg cngasqar elq?hl‘? e’g 9::
i ncreased speeﬁ@mﬁrofhtb@ghllpumay APﬁ)teﬁe;rratlﬂﬁei étY diendiiizmerteraed to as

"radial quenchﬁeaeérbﬂédb@%w&e&hf@{enpqmrﬁsala ;ﬂmrltg@%é'if OJ:R%EHB
polymeric fil apents, as 15 discl osed by _Knox i

4,156, 071, and*By ’dS‘Filr?r%d B ougually Gtsthrﬁatbasﬁo§fn59&é§e %Een%heg
5, 288, 553. 5l n pbsstigpe ofrdssdibdw mmgre' etrraelgoojereag fagasréd Wy rected

i nwards throu q thefre th ext ruded
90 ggﬂ%cﬁﬁi U § o %L(.'l]]l%'inq.so]t]h

filamentary arra |ng as norma I eaves e Thi ng system
by passing dowhai® hkeeen fas ar?ﬁlrﬁl'siraé\ﬁit @Ipetel@é @@éﬁ@rﬂmﬁ}:mrat us.

Al though, for ﬁeﬁéfﬁé':ﬁatoaééaébﬂ{nlﬁd |spaRelss, Hake tlerdf'e"a@@d ?Séz\ﬁé‘é Ds

appropri at e, syst.em can work._essentia Iy Si m Iy |
filamentary ar‘?gyasgnﬁb?gcwa&l A5 O88 " 1ov GUeRg R BR$lerw se,
‘W th corré®pondgangty-shapeihe slrazrgnmdamm@ns.csr edn csmaue:rg;s gatmtr@tmfﬁédt he

cooling gas i f Lray. In the 1980's
Vassi | at os anoi % ze rra%gg\%%ds:q Errﬁ%rrdclla?rﬂt?SEIEIJ \?glnents in the high- speed
spi nning of pol yneri cAﬁ‘lP‘Flé\%rﬁ@%m%ﬁ mcélsé@ edesrad theasresul ting.

_inproved fil amepd@ian @&cl’f’atand\lq'ﬁ&s r2cB8 1880 fof 8Dhmftd% i 141, 700, and
5,034, 182. These atents scri be gas nmanage chnl ues, vvhereby gas
35 surrounded ff%f %‘itsrqﬁ‘}?eé’qqiylr“:?ﬁéﬁt %J{IEBI“@ ol F+eidS t enper at ur e
and attendéati crhlsmlzrﬁset@sby Vindx>e irt ibse Ppatentie . desdﬁrﬁb@'?ljr eakidirpughs in

the field of H&ighrspeed. spi nniNgy & hete i foa . caNbisRu dgsire to 2 16
Sept enber 2003 VI 00/ 63468, PCT 56710657 ?Jr?crease‘r’?arzr%%spr i ng

productivity thweRRur?her s ddisnitymer Shal’ r3fdads TURRICHE e teaaiiimg at

| east gas is directed inwards through a quench screen system
' that surrounds the freshly extruded filamentary array.
20 Such cooling gas normally leaves the guenching system
by passing down with the filaments, out of the
- quenching apparatus. Although, for a circular array of
filaments, the term *radial quench” is appropriate, the
same system can work essentially similarly if the
25 filamentary array is not circular, e.g., rectangular,
oval, or otherwise, with correspondingly-shaped
surrounding screen systems that direct the cooling gas
inwards towards the filamentary array.
In the 1980's, Vassilatos and Sze made
30 significant improvements in the high-speed spinning of
polymeric filaments and disclosed these and the
resulting improved filaments in U.S. Pat. Nos.
4,687,610, 4,691,003, 5,141,700, and 5,034,182. These
patents describe gas management techniques, whereby gas
35 surrounded the freshly extruded filaments te control
their temperature and attenuation pfofiles. While
these patents describe breakthroughs in the field of
high-speed spinning, there is a continuing desire to

2



-conparabl e or inproved yarn properties. 5 MARY- OF THE I NVENTION I n-
-accordance with these needs there is provided processes @Seraphea@0ises
for spinp | ynmeric filaments. Accordingly to one aspect of the present
10 i nveaﬂ)gg{f“?ﬁere is provided a nelt spinning appar at usPCHEB0EFNI ng
conti nuous pol.yneric filaments, conprising: a first stage gas inlet
chanber adapt et E6526E YRER PR BEIDWECSHF et BY thdougbedondestage gas
inlet 15 chamithdrasal espdedow wihel é ifsinss A9engag. | Dbk chanber wherein
the first andc%ﬁpg?gb%a as inlcgt chanber s su‘ggl‘y gas to the filanents
to control temperature o %1%19\@ nEftS  PERF At tebe | ocat ed bel ow the
second stage gas inlet 20 chanber for surrounding the filanments as they
cool, the stube including an%&%ﬁggﬁ%onvergi ng section,
.foll owed by a divergi ng section. I n accordance with

anot her aspect of t‘heI ;

pRESeTHanGR et b iere eneedpr bhédedia melt spi nning
.process for spronidedcmrddenmis el Wiidradidadents, sp £APRE Si ng passing a

heat ed polyma'%,lgg Py spinneret to formfilaments; providing a gas to
the filanent gb rorr#%c g%slaalrﬁr{e}ts'charrber | ocated bel ow the spinneret in a

first stage; providi nidceerinaly ttee ord |aamentts §f ortha mBsséft et chanber in

. a second 19t agenvedessh NG HA1® fild 3FBRLSA0 2 pcated bel ow the gas
_inlet chambers, wherein said tquSbg) Conpr i s&s I_[{aéniqfn eri olﬁlgm%??aﬁ'%‘ilﬁg a

conver gi ng seg?lfo‘(f‘ﬁ’“?lblir}go\ﬁé’@t&?ué’u&i POLyTEF L s ddtliaments 16 Sept ember 2003
Furt her obj ectenpfesming:es and advant ages of the invention will becone

BRI EF DESCRI PTI ON O SHE ORATTRESFEES 17T £ AR g AR e A0 e vi ew
partially located below a spinneret and a second stage gas inlet
15 chamber located below the first stage gas inlet chamber
wherein the first and second stage gas inlet chambers
supply gas to the filaments to control temperature of
the filaments; and
‘ a tube located below the second stage gas inlet
20 chamber for surrounding the filaments as they cool, the
tube including an interior wall having a converging
section, followed by a diverging section.



in section of a conparative apparatus. FIG 2 is a schematic el evation view
partially in section of one enbodi nent of the present invention, and as
used in Exanples 1 and 2. FIG 3 is a schematic el evati on1giSeptepiet Rod3d y

in section of a second enbodi nent of the present invention. 6 16 Septenber
2003 FIG 4 is a schematic elevation view partially 1in section of a third
enbodi nent of the present invention. FIG 5 is a schematic elevation view
partially in section;qf e i ment_.of the present . invention

FIG .6 is a schemati c_Igl 8@5{?%5&%%8%} ﬁ%‘ili/eriar?%ég%“ti%ﬂ W€ a fifth
enbodi ment of PXR2ERE esBVENLilpvettieye. 1Bl Groviided s aedmtsminelieat i on vi ew
partially i npseetsONFof %G I ' : ty ol ntion. 7 WO
00/ 63468 16 rS% t enber 200%95“%? S%&%égg%hﬁé&lﬁe?l?%gdn&ﬁég'el evati on
view partial I§P"PhtSEY i BRASSANY SeVEACKIcRBIATMEAC msiltt H& Br esent
invention. Fl€hidnésen schéorehi €iehewatisonprowdalt iadlday 2o Rnsection

section of o tiidients Eromca' B8CTHIER SheBheronooor S bIPESERE |5 a

schematic el SRIRRFSS et par £iaEEystaper hpeovddiimgna ghst he phesent
filaments from a gas inlet chamber in a éecond stage;
passing the filaments to a tube located below the gas
inlet chambers, wherein said tube comprises an interior
wall having a converging section, folléwed by a diverging

sectiomn.



is a schematic elevation view partially tenth enbodi nent of the present is
a schematic elevation view partially in section of an el eventh enbodi nent
of the present 15 invention. FIG 13 is a schematic el evid Soptemnben2003
partially in section of a twelfth enbodi nent of the present invention. 20
DETAI LED DESCRI PTI ON OF THE | LLUSTRATED EMBCDI MENT The present invention
provi des apparatuses and nethods that allow for managenent of cooling gas,
such that filanent speed.can be increased, therehy .increasin '
roductivity, while mOGTERER RBI6FLEnprotr 5o SoE o ANY b RGRS Bdr 126 cs. I n
addi tion the rmetvienddonawillsbebens appatdmn Loomvenbeodatapiledesses thereby
reduci ng expeRzesrastq haEﬁQt“%B?lg%Qher air requirenents. The quenchi ng
system and process used as a coniro 30 is a conventional radial quench
systemand is described wth reference to Fig. 1 of the drawi ngs. The
radi al quenching systemused as a control includes a cylindrical housing
7 which forns an annul ar cooling gas supply chanber 5 that is pressurized
with cooling 35 gas blown in through gas supply inlet 8. Annular cooling
gas supply chanber 5 is fornmed by a bottomwall 1, a centrally | ocated
cylindrical inner wall 10 and a cylindrical quench screen assenbly 11 of
simlar 8 16 Septenber 2003 WD 00/ 63468 PCT/ US00/ 10037 di anmeter conpri sing
one or nore parts located atop inner wall 10. Preferably, the quench
screen assenbly 11 conprises a perforated tube around a wire nmesh screen
(not shown), which facilitate equal airflow and 5 distribution.'

Pressuri zed cooling gas (such as air, nitrogen, or other gas) is uniformy
supplied through quench screen assenbly 11 from annul ar chanber 5 into
zone 12 bel ow spinneret 13 where an array of filaments 14 extruded from
spinneret 13 begin to cool. Spinneret 10 13 is centrally located rel ative
to housing 7 and can either be flushed with or recessed fromthe punp

bl ock



(also referred to as a spin block or spin beam) bottom surface 22 agai nst
whi ch housing 7 abuts. Filanents 14 continue through zone 12 and pass

t hrough tubul ar 15 exhaust cylinder 15 (also referred to & Sepiembehadt3
tube) out of the quench unit, down to puller roll 4, whose surface speed
is termed the withdrawal speed of the filanments 14. The foll ow ng control
quencher dinensions are 20 shown in Fig. | and are specified in Exanple 1.
A - Quench Delay Height is the dlstance betmeen the spi nneret face and the
“punp- bl ock bottom surfacERIEE L& FEAS - 5 OBRMENG 5 t he verti_cal

|l ength 25 of the cyl Fadri cal 1gu&n§bh§m1e:e@ @'B@ﬁﬂﬂi)itynlﬂrleﬁ pakExhausi Tube
Hei ght is the_hei of t tube thro TR | aments 14 | eave the
guencher aft%g Sggé%ng roucﬁm?%ﬁa%ﬁﬁﬁgﬁ)scfga%£assenbly 11. D - Quench
Screen Dianeter is thEIGnsﬂdeS 30sdihemat e ofevakiomuevitAwspartbhaddgenbl y.

Dl - Exhaust THbgePt2BRt&E betOfoddshds SF Pl eirdiefhe; gybausbntube. In
accordance with _the ﬁresent invention, there is provided a process and

appar at us f or 28fi Afi §e§51$oﬁ§%¥P1%$f¥l%ﬂﬁnﬁs In general, gas is
introduced to the appaGatHs;yla Qﬁﬁemmthmre&evﬂﬁidniﬁlamepartﬂnlky st ages.

The gas conbi Ef T ré&ééﬁ%ﬁgﬂ} e gas then
exhaust out o?ﬁ gég%%%ré g&§@$%0 égpteﬁ%ggg%35§9

PCTI [ |1 SO0/ 10037venaian.- exit tube or wall. Some gas nmay exit the system

t hrough one or nore exhaust stages and new gas may be added via subsequent
gas inlets. An exenplary system is shown in Fig. 2. In Fig. 2, a two-stage
quenching 5 systemin accordance with the present invention is

illustrated. The process of the present invention will be described with
respect to the operation of the apparatus as described below. This system
conprises simlar elements as in Fig. 1, such as an outer 10 cylindrical
housi ng 107 adapted to be | ocated below a spinneret 113. Spinneret 113 is
centrally | ocated




relative to housing 107 and is recessed froma punp- block bottom surface
122, as shown in Fig. 2, against which housing 107 abuts 15 However, the
qguenchi ng system and process according to the invention # Seplicfiber 2003 fr om
the control showmn in Fig. 1, in that, for exanple, the invention as shown
in Fig. 2 conprises two stages, a converging section 116 for accelerating
the air, and a 20 convergi ng diverging section in tube 119. Afirst stage
chanber 105 and a second stage chanber 106 are each forned in the
cylindrical inner wall of the housing 107. -First stage chanmber 105 is
adapted to be |ocatedIBel dwis spsahemeticislevatsoppiies gasttaliihe 25
filaments 114ihoseentbal okhg LBOPET 14. Second
stage chanber .106 is | ocated betmegﬁyééaéé?ég?fs%%%gﬁggé |%Iet 108 and a
t ube 119 IocépganhéPBM/the first gas flowinlet 108 for surrounding the
filaments as they cooFIGAnSabpubaschdfaméd|eldlacbhchibe pht-ached,to
cylindrical inpe p3.a I portlon of, the first stage chanber
105, separategﬂt eﬁ?ﬁégt staggoéﬂe%ber GRS RE e SREBRTPSt age chanber
106. However, TB¥€BR&GA-in Figure 11, in the appar atus of the present
i nvention there can 35I@e @ s&ngl ¢ SHPP
chanbers. The_nunber of % slg%g#%%aeén]bdl dﬁ Qﬁoe%gftg Y bi | i ty
in control i ngrgasCFHeW,.© #% Haens Qe Ep%ﬁﬁﬁﬂﬁes gas to the
first stage chavketid®5 10 MO 00/63468 16 Septenber 2003 PCT' 00/10037
. Simlarly, a second s e i nl P as tp the sec d stage
chanber 106. Any gas §g§ bgafs 3 %épéﬁék éjéievékﬁhQHH 19 POt gas i s
preferably ait %%‘b‘é%‘?%l@@/ EFcﬁfllﬁ'dl mﬂg}lm@islth@ hessge air i$ 5
cheaper than iheitgas, but other gas may be used, for instance steamor an
inert gas, such as nitrogen, if required because of the sensitive nature
of the polyneric filanments, especially when hot and freshly extruded. The
cooling gas flowing to each stage can be 10 regul ated i ndependently by
suppl ying pressurized cooling gas through inlets 108 and 109,
respectively.



- A cylindrical quench screen assenbly 111, as in. Fig. 1, conprising one or

nore parts, preferably a cylindrical perforated tube andﬂ?%@%tﬁméPé&ﬁP
I%ﬁg al |
S

tube, i trally positioned in the first stage chanb
enbodi rré‘r'l(%gw%?&t he present invention, the "perforated tu%re méd"grr-{sans for

distributing gas flow__radial.ly intQ a stage.. A wire-nesh screen,_ an

el ectro- etched screeﬁFGOr8a1§%F%éﬁ85§§%5b VLR L njiey RiFelablyesh.
screens and penf eeatédnt ubeacarvientls etlibo@Pimsstire z etheoprésgngas i s bl own
inwards from fi,tstj8hage inlet 108 through first stage chanber 105 and
through the cylindrical quench screen assenbly 111 into a zone 112 forned
inthe interior cylindifFeaP W&l la gFchamtie eleyvadior arieuenaht 5zlken
assenbly 191, ibekewrishi sReaft eiiBi A bl Endc oY tate fihtag@nts 114, after
bei ng extruded_t hrough spi nneret holes (not shown), pass through zone 112
where the filéﬁgﬁP§l§54.begin to cool. An inner wall 103 is disposed bel ow
‘the 30 cylindrical qu&@iGh $6r éen aassErdiat id le hewh histrweehew heart i 45ty st age
gas inlet 108;an egen : {1 ) f] st age convergi ng
dection 116 1 5 Feraedt ot Reiate, rapesidhe o oy Bidleqt 10
specifically tRVEREIPRterior wall of inner wall 103, 35 between the first

stage gaslo nlbet 108 aﬂge_t heisegord sc&i@&i@;ﬁ&ai@&@ii&@&d%ﬁ?e%%vﬁl@ ng

section can ted ip an tio .t apparatus of the present

i nventi on, sugﬁ. g%ﬁgfo?togc%egggg e?“ﬁ?gl“ﬁnret scgfggdi.e FHESPPSAD 00/ 63468 16

Sept enber 2003nve@rie®00/ 10037 convergi ng section can be noved up or down

the tube to achieve phe, desised 0asmpagerenioviene AN, Ho ane,) or more
ou f

such converging sections. Filaments 114 continue from zone t he
first stage offtRELECRURhCHRNGLleyersh EMboGdments Ry thaumneserdection of
i nner wall5 103nbehoienpassi ng through first stage converging section 116, -
along with the first ge,,coqlin as, which accel erates in the filanment
travel direction as ﬁ?an%%t Js'slf4%€glr%lqaﬁ:&ec 0 501 M 0 R WA A

perforated tube 3a7tign dhEposedelfehowmbedifienst oft 4@ coresmmgi ng section
116 and invention. '

20 DETATLED DESCRIPTION OF THE ILLUSTRATED EMRBODIMENT
The present invention provides apparatuses and

- methods that allow for management of cooling gas, such
that filament speed can be increased, thereby
increasing productivity, while maintaining or improving

25 product characteristics. 1In addition the methods can
use less air than éonventional-processes thereby
reducing expenses associated with higher air
requirements.

The quenching system and process used as a control

30 is a conventional radial quench system and is described
with reference to Fig. 1 of the drawings.' The radial
quenching system used as a control includes a
cylindrical housing 7 which forms an annular cooling
gas supply chamber 5 that is pressurized with cooling

35 gas blown in through gas supply inlet 8. Annular
cooling gas supply chamber 5 is forﬁed by a bottom wall
1, a centrally located cylindrical inner wall 10 and a
cylindrical quench sc¢reen assembly 11 of similar

8



. between the first stage gas inlet 108 and the second sta%\(laﬁgas inlet 109.
The cylindrical perforated tube 117 is |ocated central | y/BwargRPeO08econd

stage 15 chanber 106. However, the perforated tube can be |ocated as

" desi redMAPYPRF de the desired gas to the filanents. ForP@EESAH18037bel ow

the second stage gas inlet, a cylindrical inner wall 118 is |ocated bel ow

the cylindri cdiametker abaghrtidiegl bhe ArSaRd f- cooling gas is
provi ded fron&hﬁgrs%gggd étag% g%ppl inl et f%%ﬂﬁiffﬁgﬁgﬁga?HB gas through
cylindrical perforate tlbe f?.e§€¥%éentﬁﬁbqﬁeﬁ§t &5gesacendembluge
-conver gi ng seéli 6aBprisesand pe2Gorespdc tihel Yroumd a Wbdl absgection 125
fornmed by thegkpaes S he .canyer gi-n ection.116 of entrance
di amet er , exit .d?%%%tggEH%}éngéﬁgg'E?c%}}%?%g F&%ﬁﬂa?lggéPWo%HQZS and
conver gi n?se&‘?[ﬁﬁ@%ﬁ%&n bETEEFHEA 288 §0silAghe gpisedeuchr aoaneyd as
separ at e pi ecesttbgénar erconneet gest ogeat hg_&fogfg‘llyeéggﬁhgegytﬁp{)g%gi ng. 30
The tubul ar S&Qéﬁgﬁ §3§e yageeﬁﬁgaiggt as _shown_ in FIg. or Tapered as
‘shown in Fig. 4. The ~Tatto-or Yeter $TBP fHPBAAFrscheRbenl byimae D2<0. 75
and pref er ab?9neualPokelow Bpingeret 3dchhareabhoarthe ospeedamintde
cooling air capn &erhhnesgage d435 e,coqling gas. passes
t hr ough &Ee ond stage gﬂv%?%?ﬁggggc%gpﬁaéﬁgrgﬁcg?ogitHg%+ ¢ D5
created Dy tte €% TeRFr2hbYil LPceked BAlabEVef tehborsisy 7 camyeragi ng
section 116 amichdwe mmtf hnekedf wbphnei Ngedas WOI0B{-63468- W%f&?@f 2003
PCT/ US00/ 1003(7aj_ég)%é§@rr%§et6e£g1§pi nni tupe is used to refer to that
'ﬁ%?gﬁ%ac dPT ePBHh PR a i

portion of the apparatus having a Cco

Preferably, tHE13E8 doragahnet whhehthbesihms Bushuas. arFEngeRy .147he

upper end of ddmisl@im&ggﬁuggnélgzi&éo&gégdtﬁpoﬁ ér}%uri or surface of
SEtt] 126 of length.

cylindrigal i r |1 118, A second stage convergin
L3 and a%éexie{;&ceﬂ%tcé’rl%i‘?g *%rhae]oe‘? e FRrTed cF? 02S g |exdfausube 119, and
is foll owed Bypbeldicwdr gihg-Hd @emidionm?2?, cdownengs NoktheAl sa Qrmed in the
I.nterior whose surface speed is termed the withdrawal speed of

ghe filaments 14. :

The following control quencher dimensions are
.20 shown in Fig. 1 and are specified in Example 1.
A - Quench Delay Height is the distance between
the spinneret face and the pump-block bottom surface
22.
B - Quench Screen Height is the vertical length
25 of the cylindrical quench screen assembly 11.
| C - Exhaust Tube Height is the height of the
' tube through which filaments 14 leave the guencher
after passing through the quench screen assembly 11.
D - Quench Screen Diameter is the inside
30 diameter of the quench screen assembly.
D1 - Exhaust Tube Diameter is the inside
diameter of the exhaust tube. '
In accordance with the present invention, there
is provided a process and apparatus for spinﬁing
35 polymeric filaments. In general, gas is introduced to
the apparatus via one or more inlets in one or more
stages. The gas combines as it flows downwérd through
the stages. The gas then exhaust out of the apparatus

9



wal | of the tube 119, which extends to the end of the tube 119, V\/nich has
an exit dianeter D7. Filanents 114 |eave the tube 119 th1r %)2 F a

di ameter D7 and are taken up by a roll 104 whose surface s% g %r%eotaned
15 t he WWOH@63468| speed of the filaments 114. The speed &®&AUSIOABITfi ed as

desired- Preferably, the roll is driven at a surface speed of above 500
npm and for @gmt@ht pE@her @bl s BPoves 3 a rage _velocity
of the conbi ne f|r and second st%ge gases (zl_:gal nc eases :é%let heysfrr?%nent

travel directi h%ne SR ORCT & t SRV Gy a3k Hiewh IEZ6 maw hden
decreases as adliaaiania nepigssquer e sgd firiaugtr d .he i \ée{re&imgrgeg}/%m 127. The
second stage | .9 the , fir t stage coolin as in-the
second st age glg%véergl ngﬁigﬂ%ct | onvﬁéghtgo as'3|ast %9 i ng.

Cool i ng gfis tBfffamiinR cacerrkdiree twitin| s it entd lmm:axunbels controll ed
i ndependent | y.i1ARttd 0@l ofmy ﬁéé&sscdﬁ%'& Q¢ di Q.Hi% havi ng
per forated vvaI | s e(ﬁé@%#ocate at the 30 éail?g%es Epﬁ%&ﬁ% b ]9

Cool i ng gas i £%a9 HHAUSTEIRRTu® he Beratdrad ofalthe of diffuser
cone 120, whiagipareducesad r@mibe;msbeﬂeimm tThiandykuebulcenge i salong the
filament path alternative nmeans to exhaust

t he eX|t Hl(ELa%r]at %@éf ere |s re ced tsﬁlrcgluﬁéngﬁl %%Ieaments 114 may

| eave spﬁY HiimtiaRel msinoudly @Edensed teokel éota8edf bedomver gi ng

soreen 120 amtp‘lmmztéterleimy %ﬁﬁ:ﬁéﬁt 4R 3bY s %eh%!ali&}“ L3 YR 00163468 5
Fi.yr st Stage Converg gectlon Entrance

L2 - First Sta th
Di aneter 10 L htoo %{ BHF DM GPRlg 18e & SﬁSE@nSFﬁmDG Pumprst St age
Conver gi ng Seé:thoa'&ﬁ Tlm:u:lm s\Sede i Ent manchobnadnt BigD42, Eghashsst age

“Conver gi ng Segfniien B%gﬁ{ et Exit Diameter 15 L4 - Second Stage
Di ver gi ngl Section Len% ng éecond St age Converging Section Entrance
Di amet er owever, the quenching system and process

according to the invention are different from the
control shown in Fig. 1, in that, for example, the
invention as shown in Fig. 2 comprises two stages, a
converging section 116 for accelerating the air, and a
20 converging diverging section in tube 119. A first
stage chamber 105 and a second stage chamber 106 are
each formed in the cylindrical inmer wall of the
housing 107. ' First stage chamber 105 is adapted to be
located below a spinneret 113 and supplies gas to the
25 filaments 114 to control the temperature of the
filaments 114. Second stage chamber 106 is located
between the first stage gas inlet 108 and a tube 119
located below the first gas flow inlet 108 for
surrounding the filaments as they cool. An annular
30 ‘ wall 102, which is attached to cylindrical inner wall
103 at the lower portion of the first stage chamber
105, separates the first stage chamber 105 from the
second stage chamber 106. However, as shown in Figure
11, in the apparatus of the present invention there can
35 be a single gas inlet supplying one or more chambers.
The number of gas inlets can be modified to allow
flexibility in controlling gas flow. A first stage gas
inlet 108 supplies gas to the first stage chamber 105.

10



D6 - Second. Stage Converging Section Exi Dianmeter 20 D7 -- Second Stage
Diverging Section Exit Dianeter L5 - Optional Convergi ngg3dRGhAndrenash

Al t hough the apparatus illustrated in Fig. 2 is a two-stage apparatus, the
- opti onalwooergs6gi ng screen 25 120 located at the exit ofPCTESANEIes7L10 is
applicable to a single-stage, as well as any multi-stage apparat us.

Mor eover, the ng, S 0 d rior to

the exit of t gﬁ?ﬁﬁfﬂi 3 gg%él\?\g as tgﬂggdclélr]it\%gr &l%)r%g\g?f?g) (f'gv%rgf)tng (127)

30 arrangenent ?ns?ﬁ‘énﬁinﬁ‘éﬁlg%r‘:f@m%]t Ofbe PRy @ay PEY Hsplissiblas td any
Irrul ti -Zt age d@adapeﬂgomedmna S Q‘:o@h&%e g‘i%z/ll%g'prgﬁérh@% Stdlqg '189n0t
imted to twp-_sta e can _be introduced in an,

i ndependent | ye%?e%%%g%h€9¥ Cp%]ryqsﬁzﬁregsré)a:e&s&%ur SC3ESR &JT ¢4 can be

forced into geBedpeettidy ofivve gat.nisghetherpgessmey bl msady gasto be

sucked into 108 Jhe sadE, Wy ddﬁf‘%{e%:rtt Seguean Qeng@g dr! 138 and 109.
16 Septenber 2003, PCT/ US00110037 I n ad lon to rmersi'ons A and B

-defined ear | i BRIhr ¢ geedause wleftdis es(?n(‘f&éﬁ(‘,’ﬁepat%éopél %< o the invention
has the fol | opdohgmesi crefsiansitd,1 edﬁel‘cﬁ.hl?ﬁlggvhgﬁo%\ﬁs@r gheg MA) 180 Lengtg t
14 16 Septenbr 63468 PCTI USQQ/ 1011 e I n g

can be an unh%a 12%(90r_ heaé eCCSPO 1Inecr&/ ga% %qgwéﬁgdgpaﬁafg gﬁg%e r%'n

anneal er 19i s mam i@d@&ﬂ@ﬂ@e@ﬁeﬁmﬂﬁlug phessdeliagdcan be vari ed

to give desiresbrog) o ind dehe 1ig! aﬁan&gs réepg %ggd' ments of
the invention, any f pe of _w nd-up coul emgsi 10 tion to or
in place of roll 204 at quen Islcr\ﬁeﬁda&ﬁ y 111, as in

Fig. 1, compr151ng one or more parts, preferably a
cylindrical perforated tube and a wire screen tube, is

15 centrally positiomed in the first stage chamber 105. In
all embodiments of the present invention, the
“perforated tube” is a means for distributing gas flow
radially into a stage. A wire-mesh screen, an electro-
etched screen, or a screen assembly comprising of wire

20 mesh screens and perforated tube can be used.
Pressurized cooling gas is blown inwards from first
stage inlet 108 through first stage chamber 105 and
through the cylindrical quench screen assembly 111 into
a zone 112 formed in the interior cylindrical wall of

25 the cylindrical qguench screen assembly 111, below
spinneret 113. A bundle of molten filaments 114, after
being extruded through spinneret holes (not shown),
pass through zone 112 where the filaments 114 begin to
cool. An inmer wall 103 is disposed below the

30 cylindrical quench screen assembly 111 and between the
first stage gas inlet 108 and the second stage gas
inlet 109. A first stage converging section 116 is
formed in the interior of housing 107, and more
specifically in the interior wall of inner wall 103,

35 Dbetween the first stage gas inlet 108 and the second
stage gas inlet 109. The converging section can be
located in any portion of the apparatus of the present
invention; such that it accelerates the air speed. The

11



system can be used for continuous filanment yarns, as 10 shown by Knox in

U S Pat. No. 4,156,071, with interlacing as shown therei
exanmpl e,wa o462l | €d godet -l ess system wherein yarn i seIIGﬂ%T%e ?imf)gg'loognd
I'g. 3,

t hen wound as a package on the first driven roll 204 as shown I&ﬁ
or, for exanple, filanments that 15 are not interlaced nor wound may be
passed as a bURGFETDIDHAAT AT GHE | BB OBSVET | WReY sAPOR phectsbiengoas t ow,

several such bachies gérerddd irdieigws atabhfedehoget MReref BEnt BW BHRCESSI Ng.
Referring to Fig. ee: uenchin 20 systemin accordance with
the present i néllgnntl%be‘;\l Stil‘{sgh %q%us% 5t e%l.s?ﬁt?‘ﬁ%sf i Q%I’i‘?,“ePH@ $tfgl e- headed
arrows i ndi caf@RHBIYifrem izaneoflighodt onf theifiitde twagesbageheuench

system showsn idudridchi R Y HHEB I a1y Ladrical housing
207 adapt ed toc.ﬂ125 belr%%g?_tf%d betJ owug}gr?nénlzﬁ% 213 %1% %%%F?%d??cal
t

quench screen dHEBIE} PR G &35 T E o Pus HHEStoftapee parts- A
first stage cherberdifly, saadimrsdddd akérgevittandies 2DBsargrggeh fornmed in
the cylindricalgoiiiRer I f ot ' 30 Fi.rst_stage chanber 205 is
adapted to be ﬁooclgftégga\bggl g’vr\}qs?& n%%#gt%sanﬂlsﬂbeplﬁje}s B8t breKel
filanments 214 PFeEirorst fd leaepdsatire @intime fid anemts 214. Second

stage chamber 206 is loegtiachahielowdderdiisiastage £ha §fg§8§oslﬁe
sta chanber

nmul ti-stage. 35 of_.Fi 3 further conprises a thir

yst _
230 | ocat ed béel%ow"t %gges&lﬁﬁg §L2FE GERSSI9EE S§TriRRy 16 tardcyl i ndri cal
i nner wal | of hettevelepushrg£it5t16tSert eydrerir2NN3 1080 M 6346 8s EIAYSOD 10037

As in Fig. 2, I I 02, | I3 ttached to cylindrical inner

wal | 203 at tr?tet%%ﬁr% g(f)lrltwléogogf' t@%%&g%%ﬁ%%&e&%graz%ﬁ Elé}ﬂ%r at es

the first stddd dfarBEptedscepemiliy sEddHd thiysastrarbest£g€06.

Addi i onaly ichafibgr $08.Senendvarulcaio ka3t ed uld ached,d 0 a second
n

chamber 230 angC SoaaPE oot heds EB0RA SrABs SHaSeri 00 SArha Hee hi r d
stage chanber fi3gmengsTheForr skasbige fedawnitdte 288 siipHtiRfe gRsst 0
inlet, a cylindrical inner wall 118 is located below
the cylindrical perforated tube 117. A second supply

20 of cooling gas is provided from the second Stage supply
inlet 109 by forcing the gas through cylindrical
perforated tube 117. Between the first and second
stage converging sections, 116 and 126 respectively, is
a tubular section 125 formed by the inmer walls of the

25 converging section 116 of entrance diametef D3, exit
diameter D4 and height L2. The tubular section 125 ang
converging section 116 can be formed as a single piece
or formed as separate pieces that are connected -
together, for example by threading.

30 ) The tubular section 125 may be straight as
shown in Fig. 2 or tapered as shown in Fig. 4. The
ratio of diameters D2 to D4 is generally D4/D2<0.75 and
preferably D4/D2<0.5. By use of such a ratio, the
speed of the cooling air can be increased. The second

35 stage cooling gas passes through the second stage
converging section entrance, with diameter D5 created
by the exit of tubular section 125 of the first
converging section 116 and the entrance of spinning

12



-the first stage chanber 205, the second stage gas inlet 209 supplies gas
to the second stage chanber 206, and the third stage gasgigy Ba+booa

suppl i es s st he third stage chanmber 230. A cyI i ndri cal ;?gé}r?orat ed tube
“217 15 i s di sposed bel ow the first stage converging secti SFTUBIHI9087 ¢ he
second stage cq:%go i é nother cylindrical perforated tube 248 is

di sposed bet weeh % 1ddcond St b PR IR - weet iwnueed nadrafehi kd st age

conver gi ng sectthe Zﬁeﬁtlr'ﬂneoﬁomer@mﬁdé)mmlﬂ gocgﬁggrgiﬁge can be

regul ated i ndegq%g. t Ing ressur.i cool 1 ng gas through these
inlets. In Fig B %igr%%ré#i%%gconve as%]é or© 16254 PATEdARi Alous

convergence is t’PS bag Sieeerh r@nfams&ngauea:ge garhé nhebeP08n@ndrt pRet hi rd

stage gas il esp2ahingScdbd eCrNd; $11R%E, (GRS lon 235 with a
of the conver gi ng{ sec |%§€%sl?5r%ﬂ¥ma‘5@ét%en t he

straight tube e.e

second stage g &l}"?‘rfc%guﬁ?ﬁf e botd®m wal | 201. A tube 219 conpri sing

a converging section 23%eddmh sha@r g:cdsxg; AP s i &t SnE T third
éi%? ¢ £ 9 Pgﬁ

30 st | et 1,233ng T, 219 | t
ooy G fons and T HERTACR A 1 11 B i A v et

interior surface ﬁf é

conver gi ng sect#on 2 6t”k?ﬁ Yéhgtand 6 shdwligwed @yt reantioratigings er D5'  an
exit di adl ers@6tions T2w o lidhdihe jant gniser f\&qlﬁl fid ube 35 219, and
is followed by, glgl(y@r % tll'gtt ﬁ&ii sI engt Ifg a@oéfé}etr%l I the
‘interior wall of the t ”%fQ ¢ EHEENCS (e thRl efd tofe tthebe 210.
As in the enb'é@b%ﬂ&sh@mh hai gn 2xiti Qaemeter?ty | e8vieirhf 516 116

Septoner 20094880163 tsbrSTLUSHOIGROT, Liba 2 Ll auoh (e BT novel

223 and are ta&%ﬂ]e‘g r-ol
perforated exhatsts d'}l? sér r@&ﬂreIQQOWhaﬁedégc”!fabedSp&lﬂa@\/e_s it raleiD shovvn in
Fig. 3 5 APl eriwdiimnirawall theedppar ahusrof afBgeRr g5aNt T‘n% 3%

et 723 shomn in

B0 Lo A e g L e A B b mands doma o
rol | 204. The ¥%6iVer@4 puFhstarkaspaes @fdabavehsdd #Bmpakhdl kem the head
spinneret so tgliyestReedpabrbhspiP! hnove 3,500 mpm. The average
velocity of the combined first and second stage gases
20 increases in the filament travel direction in the
second stage converging section 126 and then decreases
as the cooling gas moves through the diverging section
127. The second stage cooling gas combines with the
first stage cooling gas in the second stage converging
25 section 126 to assist with filament cooling. Cooling
gas temperature and flow to inlets 108 and 109 may be
controlled independently.
An optional converging screen 120, or diffuser
cone, having perforated walls, may be located at the
30 exit of spinning tube 119. Cooling gas is allowed to
exhaust through the perforated walls of diffuser cone
120, which reduces the exit gas velocity and turbulence
along the filament path. The other figures exemplify
alternative means to exhaust the exit gas, such that
35 there is reduced turbulence. Filaments 114 may leave
the spinning tube 119 through the exit nozzle 123 of

converging screen 120 and from there may be taken up by
a roll 104.

i3



204 is the same as the surface speed of the roll 204, this speed being

known as the w t hdrawal speed- As is conventional, a fi S8, de’b%p' i ed
to the ?T Lilaments 214 by the finish appli cat or 238“‘3 d%goé I'P ey 15
e ro

reach t 204. The invention applies to partially oriented vyarn

(POY), highly oriented yar HOY), and. fully _ drawn vyarn (FDY) fil anment
yarn processes. |n PGP a’ﬂ'ﬁ%é}\’o I&SCE%@E‘: é?pﬁﬁéﬁpnﬁaﬁn;@nﬁr@ wound up at

essentially Zi)aﬁmﬁmi{saarmﬂsmaeduaSFmt hdy aai\labréﬁéﬁﬁed| gueb¥nprocess, the
yarn are nec a f1 t hdr n und up at close to X
i }\a%oc:q{l Vohe ﬁvﬁsﬂ\%ﬁon @a%\wtl?g g8w?wéngse of three

times wthdr speed, where I
st ages, as |rﬁlmetj1513msc'an be 25 advantageous because it allows for better

control" of the gas angjmor eE:flL@e('@téé;ékéﬂvé??ih@gseghgen”' shows a
mul ti - stage cideench systemin accordance with the present invention. The
Fi

syst em of simlar to that of Fig. 2, but further 30 includes two
exhaust stages- The mill2 —stlgestuetede Bylsé epengthig. 4, like the

t hr ee- st age quench system_of oFRL ndrl cal
housi ng 307 adapted tt(gﬁbe IFolca%tgds%eﬁIg ‘g%lﬁ% $e$8 ﬁéoﬂ anERr ee
stages, 305, XH@getgyd 330, sinilar to the thr ee 35 stages, 205 206, and

- 230, shomwn in Fig.3. I—@gemersécnghdr@gé ¢ Bh RGNS Y IS
different fromthat %)3F| g. i n that&t he second gt aé@Ef!LBL Eéﬂ%%féld as a

first exhaust stage 30 |n§fJ€éﬁJ‘: 07 “39% UM T R ﬁ%&&?ﬂv@b@l@%%a 16
Sept enber 20@&CtRCH Eﬁ(ﬁ&/ai:@ﬁeSD:am@ieﬁog as shown in Fig. 3. The quench

systemof Fig. 4 furthg ci;rg_g_r eécﬂr er 341, which
houses a second exhaust sta 3é4€ d 8 our‘l;%?éﬁgi gﬂb e%ﬂ@ﬁ]l 2Ys | ocat ed
bel ow t he thlsfe&tépé’g@x&tc%%@t%o and is simlar to the second stage 306.

While Figs 4 describesia speriddra atvangamreind nb&keioaNdegdpRusts, the
| ocati on and nunber of nI et. and Sﬁ(haust st ages. can_be varied to all ow for
desired control of th& coolsieﬁ:é)rﬁ%l ‘fé‘iﬂb‘égl%%%ﬂ%e%n?weehe

systemin anpiameter
D6 - Second Stage Converging Section Exit
Diameter
20 _ D7 - Second Stage Diverging Section Exit
Diameter
L5 - Optional Converging Screen Length
Although the apparatus illustrated in Fig. 2 is
a two-stage apparatus, the optional converging screen

25 120 located at the exit of the tube 119 is applicable
to a single-stage, as well as any multi-stage
apparatus. Moreover, the converging sections, 116 and
126, shown in Fig. 2 prior to the exit 6f the tube 119,
as well as the converging (126)/diverging (127)

30 - arrangement in the interior of the tube 119 may be
applicable to any multi-stage device, or to a single
stage device. The invention is not limited to two-
stage devices. Gas can be introduced in 108 and 109,
independently at atmospheric or increased préssure.

35 Also, gas can be forced into gas inlet 109 above
atmospheric pressure allowing gas t6 be sucked into
108. The same or different gases can be added in 108
and 109. '
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-desired manner. Cenerally, the first gas inlet 308 supplies gas to the
first stage chanber 305, and the second gas inlet 331 suppld&iemBs Jopat he
third stage chanber 330. The first stage chanber further conprises 15 a
“cyl i ndrwoak/esusench screen assenbly 311 havi ng one or norecpoesmacezihe first
exhaust stage 309 and the second exhaust stage 342 provide a system
exhaust for the second stage chanber 306 and the fourth stage chanber

341, respectively. A ¢PFi ﬁ&&?@al(%ellpo?&@edzt i@ Pe7 azpunbedbegosed bel ow a

first converghegts@ctiebay3l6aandatbdl awlkhe (Hftsh @asmenl g4 308, in second
stage 306. Anot | i pdrLcal peqforated.tub 48 i s di sposed . between a
second conveggé n%gis%%%li %% glﬁéghavﬁ%ﬁ %enfggﬁlelﬁé’% gﬁalp§§6t3ﬁ aftHre d
conver gi ng se¢¢lan 2ap. ba varipfr docgliveddesdlregecbolahgdspebe 389 is

‘di sposed sbetwygeensiheméhigd converging section 340 and tube 319. The
cooling gas flow ng t£ ea E ch er in the system of Fig. 4 may al so be
regul at ed i ndependent ¥ ﬁ; SEE%P RGO Se §SutinFe d TVEHARG - gBBY t hr ough t he
‘inlets. 30 Gesimgdbeypshafisweddfopncbhedsyst agetin ianydddesen et r@aner .
Generally, a MAGIHLR. OF al fat no er| ssyreg_is-used. For exanple,
the exhaust car mer el?/fre %iasbeé@és gpt ﬁgggg’%ép e‘r-?ergﬂ’il WG Fheri c
pressure, or THAFFRMERR BRsupyduier ofort 35ugnsufmlampnt exiamst aenoves hot

air, andids useskd Gy Combk olnthes cophtngnpat @,@Bst,b@ltidqﬁfﬁ;nt& Fig. 4

coul d opti onaﬂAtyerilncl ude a_ canvergi n% di vergl gg section, for example, in
the last stage, as 1814% Eept rBEBSLI0 B8/ 63568 B ©ISOD/IV037 in Fig.
2. The upper @rdast gddettbes319vssempcahedein vabe istentor1sasd ace of the

ke the exiaie e i, og FhackadBlol LALTELEEE rifal S lhotn in
Fig. 2, fila éssfilcr"éfh\ﬂélt%gtuge QMo EpH exnperlakehi lgmants ailat304 in
any desil®d reEmnerotGaisn @yl d€ed MO IMEREA Bat NBe SYSEE8% VAR Hasind i ets 308
and 331 by a%*lﬂ? égﬁ&fm%gﬁnngf erég Of Eressugéze . _The supply and
t he exhaust may be ar ranged as - dest tEICEFOr L8k PP eSS MB ARatiNy. 1 n one
several such bundles generally being combined together
for tow processing.
Referring to Fig. 3 a-three—stage quenching
20 system in accordance with the present invention isg
illustrated. In the figures, the single-headed arrows
indicate the direction of gas flow. As in the two~
stage quench system shown in Fig. 2, the system
comprises an outer cylindrical housing 207 adapted to
25 Dbe located below a spinneret 213 and a cylindrical
quench screen assembly 211 that generally comprises one
or more parts. A first stage chamber 205, and a second
stage chamber 206 are each formed in the cylindrical
inner wall of the housing.
30 First stage chamber 205 is adapted to be
located below spinneret 213 and supplies gas to the
filaments 214 to control the temperature of the
filaments 214. Second stage chamber 206 is located
below the first stage chamber 205. The multi-stage
- 35 system of Fig. 3 further comprises a third stage
chamber 230 located below the second stage chamber 206
formed in the cylindrical inner wall of the housing.
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enbodi ment fresh quench air is supplied through 308. The second stage

chanber 306 is then used to renpbve a portion of the hot @ig& fromt first
stage chamber  305. The rate of hot air being renoved naf@b%epé%'{f%f? 315
cont r ol MEAOYG34B] essure at the first exhaust stage 309 antfFEPSMIIHper

sizing of the flow area of the cylindrical perforated tube 317 inside the
second stage chanber #506-Y Feli%ht idre ¢ PREVARSWALLa2ER. tWeicki isof the

second converg’tngcﬁedt it@n c%rIGiS'h,dzAfctaq][ iﬁnﬁﬁrﬁhgﬂhMB_?@;"ﬁﬁeaichiég _rﬁn;)\égd in
t he second st et re.fres uenc ris su I i

third stage ?%gﬁ%grﬁngg) ti‘? Hé&dd SRt ﬁggﬁ“%ﬁ’?t%ait a’"@%p%‘ﬁg grtBg1, a
portion of hétrakr Stgg@ga?mtemﬁa@é from trilaaneecgmdrléstaigé acﬂhﬁabegf 25 the
second st age nbe r S i r‘g)ﬁ19¥ r - e
stabil i ty%ﬁni fqgram tgdggﬁrlgg%g?r}{lg%nt ?gsf gt.ga?\ %(]ﬁ&e%é% air ]Fa(l)%/v |%f?hébgi rection
of thread- |ifh8 BFERERSHhitenar 866 RY JhnEhH Bl ctearitr 1 rg@3 stal e
jetting at thehexlowef ph;&tﬁ,uﬁmlf. t&@FEégogé stays c&mmt i tﬁy@oghgentzogf

Fig. 3, with i.ke thos L0, esi Y, e_sanme :

se?i es refer eﬁg g%%%?akgﬁaﬁ&cﬁn?h%%ﬁeﬁ?gmﬁ%f_ﬁ%u%?"? i gthgTgesi gnat ed
by new 400 seftagerehambeee23funeral s. The nulti-stage system 'shown in
Fig. 5 3% provides anpnexhaysti 409 obaghgnﬁgoy?ja élg&% ?p%%:ggg tcA506. The

S
systemof Fig, 5, _Like the three-sfage system of Fi rr'ses two
conver gi ng seEPFohiTSEk15C8A8 chamber 2BhveblE nepdansh Hhags @y tubet419 and
an 19 WD 00/ 62888sippbeptenher t3088e E@éﬁ&@ld@%@mﬁal_ ﬂm(ﬁp%?[}g' P_g t
screen 420 at e LI. first . inlet 4 suppl i es s t irs
st age chanbertﬁ%ogﬁf#ﬁesggggnggéa:sm?%?.e%ﬂzpéu?é%'seusoﬁ%[st &toe %}%rt ﬁrgex_hau‘st
stage 409, whfeRoPerBoEDegagd3Pronht HEliedoharb pariyy adieshtinrbelBL7 A t hird
stage chamber i43@isp68BBI beeswarBECONHsPase hdd &lorfiRb-Jibayt é%pﬂégs gas to
the third st charrg r 430. %he coolin as flown LN and-out of each
stage can beagggujr%t ®i RBEPBRJIEREFG C!B%mlg%pq%'ng STy gas through
~these inlets.ciDifffieiezhapetrfdéf8tedntiiee | 248 1haliepmust eftwddh a
sgcond stage converging section 235 and a third stage

converging section 236. The cooling gas flowing to
20 each stage can be regulated independently by supplying
pressurized cooling gas through these inlets.

In Fig. 3, a first stage converging section 216
with continuous convergence is formed between the first
stage gas inlet 208 and the third stage gas inlet 231.

25 A second stage converging section 235 with a straight
tube at the exit of the converging section is formed
between the second stage gas inlet 209 and the bottom
wall 201. A tube 219 comprising a converging section
236 then diverging section 227 extends from the third

30 stage inlet 231. The upper end of the tube 219 is
located in the interior surface of the cylindrical
inner wall 218. A third stage converging section 236
of Length L6 having an entrance diameter D5’ ‘an exit
diameter D6’ is formed in the interior wall of the tube

35 218, and is followed by a diverging section 22 of
length L7, also formed in the interior wall of the tube
213, which extends to the end of the tube 219. As in
the embodiment shown in Fig. 2, filaments 214 leave the
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-4. Again, as in all the figures, the location of the diverging section can
be varied to give desired speed to the gas. Also, a conwgr jpan i s
not required in Fig. 5 thus the tube can be a straight tu Imlar
"to the WfheMéxeht di scussed in Fig. 3, gas nmay be |ntrodlmadismnoa3he system
via gas inlets 408 and 431 by any neans and nay be atnospheric or
pressurized. Thbesdppl yhandghhehexévaustnmlealm leend altert@tengupl n one

enmbodi ment of pi,hespresgpt 2 f;gt] ir is supplied as
normal . The s%coﬁd st age c%n e heﬁﬂﬁ?gg}to Ferve a portion of
the hot .air fPSﬁﬁPF@tPFir%h%‘tl%@ed%ﬁﬁ%ﬁﬁ? comEs 22fhe asatdesdrifmedai r bei ng
renoved may babacti Vebyalgﬁnéh@bﬂ%@lgpr%ssure at the first exhaust stage

409 25 andf or by prop 151 of the area of the cyI i ndri cal
per f or at eg’/tube 217 | %él dsmjf’ﬁg %%réto%aoé tg?fe SRS A6 (B IR¥esento the
flow area at %ﬁeeei‘ewnomaymbseenmidldﬁ)m/@glm seoiliomtdds)23 74l a
portion of hgh ghteﬁaéen})cy@%m tabse ge ghamber 406ﬂtsf?;0 nor e

fresh quench supplied, in the thir s chanber as heeded. It
shoul d be appg#éntaﬁseghjo‘%‘%vw | §hsd qq@qqlve SY& eﬂehgpn@amw i dfo t he
present inventdobh 20y, berhérmlﬂmzdmmulcmperiman@nfteomuherﬁQ_qgeuof t he
inventio 3 6th i l.l ustrated one such

vari at i 02 tos%{lcé)ﬁag%gl?g Us o s‘%mélerﬁ |c heiEnsResd Rtcdhandetof Fig.
2 are designat@l by the same anohesenirfaceetpeedcofnuher ald,l @0k wher e

gl erent s not fisusdopled Srdions nin 200300,0h634681PETLUN00/ 30037, I n Fig

2 are designat ed b%? ew 500 s r| reference nuner al

appropri ate | Vv urft i Ma&d °6n aPRé 166t §Pd§h@f S@r}thdonal
conver gi ng scfeamen2d 3id ly wieudinick abdlicibbs Yasuwdrbwe hefed

facilitages thesdpteral e topf the gas, thereby mnimzing the gas exit
vel ocity and the assocjated ‘gas, turbul ence in the spin-line direction. The

vacuum box 521 may opt¢ o*rib‘refl}ﬁl&ﬂnﬂﬂpsleeént@ppﬁe“ﬁaal@m farizredl at e (not
shown) positivened atoxihe rEagHiyobribactd gapMer bRy, Sshae?u13y and gy oxi mte

a vacuum or iﬂﬁﬁﬂcY?DY) filament yarn processes. TIn POY and HOY
processes, filament yarns are wound up at essentially
20 the same speed as withdrawal speed. In FDY ﬁrocess, the
yarn are mechanically drawn after withdrawal, and wound
up at close to X times withdrawal speed, where X is the
draw ratio.

The use of three stages, as in Fig. 3, can be

25 advantageous because it allows for better control of
the gas and more flexibility in cooling.

Fig. 4 shows a multi-stage quench system in
accordance with the present invention. The system of
Fig.4 is similar to that of Fig. 2, but further

30 includes two exhaust stages. The multi-stage quench
system of Fig. 4, like the three-stage quench system of
Fig. 3, comprisee an outer cylindrical housing 307
adapted to be located below a spinneret 313 havihg
three stages, 305, 306, and 330, similar to the three

35 stages, 205, 206, and 230, shown in Fig.3. However the
modified quench system of Fig. 4 is'different from that
of Fig. 3 in that the second stage 306 is used as a
first exhaust stage 309, instead of a second stage gas
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outlet 547. The perforations allow the gas to exit quietly. Fig. 7

'iIIustrates a further variation of the apparatus of’ Flg E?% Eéﬁﬁeiﬁﬂgnts

like th 4651 - 2 15 designated by the sane 100 series
nuner al s ana with el enments not found in Fig. 2 deS|gnate 600

series refere u al e nt , .t he I onal converging
screen 120 |sqﬁgeeaggg bis EH Pra iﬁ’t@t/{\é‘d r?ube rbe4ém%ffﬁ&brﬁy%teﬁ‘ér‘?%rat ed to
allow 20 |at §ﬂ§| §asurshexi t:ompsu@aﬁa@mm eahgeriimmtiarak o,

i |lustrate ot haichmhedbEBNLESsaE Eﬂh%ﬂ{a‘%ﬁ%t d f420N. i these
s@ton! s d"&ée%zod Bﬁﬁa{afbu th 100

Figures, elenents Like thoge of Fi are designate sa

series referefc8d ﬁuﬁé‘f’”ﬂ?@r gg? H%ﬁ%@eé@%gﬁ%i—h%m nuner al s.
Fig. 8 shows ghambest3ge aqdemshsmﬂem hbﬁbVitﬂl@ &ddangt R@vergi ng
section 116 on ver gl cfion_126 an curved

di ver gi ng pleggg%%7§?% gf%%???%%%%s%t ? FantTe 2 ﬂ?%mEWWNQQﬁﬁPksaﬁlng D6
wi t hout an abﬁBﬁteﬁh%%ﬁﬁsofthﬁ Hpﬁé@ﬂp@nanﬁhguwtﬁalgﬁt1mﬂdt tamde of a

di aneter D8, exhaebtistageserabl ¥eataheast tbhva1ticies rd%%r Adn D6,
~allows the ba 8% ff%#h as streamto flom1domnmargs dexi t quietly.
There may al s6-De& p d&d arCBhiFEnERSconver gi ng screen 120 havi ng an

eﬁlt nozﬂﬂb|35 12. 3, Gaermaw bhelgascdudaﬁﬂnmmd1ihb|@WsiﬁmmW@iduﬁhr0Uﬁh
the optional geaves |ﬁgh§ ee ex , the
apparatus is the sé%e as t rbéﬂ%raﬂﬁg E%ewg§65§6é%§8 fée§eag§nber 2003
PCT/ USOQ' 1003FURREER? %ﬁatt%ptilﬁ%né{tréénﬁéﬁgﬁnghgmbegn3mzo eadr eheved and

repl aced by as¢mwﬁdwgﬂsuhﬁléﬁiiﬁﬁ QﬁppmlEsggaZ tEhEhéoﬁhhgﬁrQEhggs of Flgs
he. configuration o

6 -- 9 h that
i.e. thgzef e :‘é ‘%ﬂeasﬁt @?agees% fUBFT ﬁ%r&jla@r Fﬁ@?ﬁwes

n1n|n12|ﬁé tﬁé<§d§nﬁ@lcakﬂquﬂn®haadreeheaasemblﬁt3ﬂ1ghaviﬂgbuh@n69 in the
spin-line dif&ed 'ISHh:sThe ﬂ%cﬁﬂéétsQ%léE Et9§ § 3RR! ¥ gual |y vell
nl @ BBt F6RSPEY one

to quench apparatuses th one or nore and
or nore exhalStRausy grags |3ﬁ%ﬁﬂ?%ﬁ%@eaafﬁY§ﬁ@m ﬁéhaﬁﬁtoﬁonfthhe

second stage chamber 306 and the fourth stage chamber
341, respectively. A cylindrical perforated-tube 317
20 1is disposed below a first converging section 316 and
below the first gas inlet 308, in second stage 306.
Another cylindrical perforated tube 348 is disposed
between a second converging section 335 having a
tapered end 350 and a third converging section 340. &
25 third cylindrical perforated tube 349 is disposed
between the third converging section 340 and tube 319.
The cooling gas flowing to each chamber in the system
of Fig. 4 may also be regulated independently by
supplying pressurized cooling gas through the inlets.
30 Gas may be exhausted from the system in any
desired manner. Generally, a vacuum or
natural/atmospheric pressure is used. For example, the
exhaust can merely release gas to the atmosphere at
atmospheric pressure, or can remove gas by use of a
35 vacuum. The exhaust removes hot air, and is used to
control the cooling rate of the filéments.
Fig. 4 could opticnally include a converging
diverging section, for example, in the last stage, as
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-apparatus of Fig. 2, wth elenents |like those of Fig. 2 designated by the

. . . : 2
same 100 series reference numerals and with el ements noygfQuad i0 hhs-
desi gnated by new 15 800 series reference nunerals. The mv%#tl on as shown

T i i i BET/HR00BIET f or

in Fig. MOHAE i ses two stages, a tapered converging seb 7 or
ti ir,,and.a convergin iverging section in tube 819. A

g(r:cgl SI)?t: (r)\g {oﬁe‘?ﬁ% i vg]Fr{ﬁ nﬁpg‘éﬁt?ﬁﬁ ‘Sg7t]i1§ Eég?o?’ga@gu-‘:"tboraamﬁvm portion

20 of gas to Exhadusienint eswxpandi of chd ca%zmtﬁﬁr.ﬂgay mﬂtlé%nwﬁite%eas' as

hown in Fi gsputls i i rther.vari ati (

Zpgar at us 019 Fi .%Zl,d:v%yh]aé]l&e%ﬂniﬂsi?‘%gi ?%oéslesaaw}g? ’éub%le_%%]%a‘%l’@l by the

same 100 seri UsttertdiRee shanet als Bigant- wids bhenkeatenbodifeund in Fig. 2

desi gnat el bylwew 0 iserirs £eforence MUEl &b tﬁix&-tﬂig-e isir:f%‘ﬁaﬂadoﬁi_ n_glg_lhg

i i ith the resent

!splnglt et}Mr)\I ZE%%\PA% S aglgtu Zﬁb'grrg?cjﬁ]gr?@ﬁgf%y\%%f @%55‘.*%@ ATRY. 2, but harsma
106" 1o cach fharred Jon Lo Al AP Lo A AB0eT o Lo e P aa 107
"106 are each ifQk 3lp he .
First stage zchanber 1Q5 isB%‘Lapt ecfltonbe :oca edn%!%?/vaa% cﬁgtnberlliﬁ
Second st age “¢h&TFEFHEES s | IR emmelvadid ttdee 35causyt mhade

and tubel@l9arkapgetionat deésiarmil atomadlan@D%, Wi 15 ﬁ-%glt '?g{ﬁgt"%‘%e

l'i ndrical i . I at _the.lower .portion of_ the
chanber 105, e%‘%%??‘é‘?@% tf?i'%éﬁ (Bt EThge e R RPPIGES (tdHomhE 080/ 63468 . 16
Sept enber 2088¢ PeFPES0EF 2083 Thamdese GO ist arfeerc havdee it ol Qeamodas asupplhl ﬁger
via a secongogstaga easthal gbthigrs%%% et%elgaﬁll t se%g_lrég# stage cha
ed a t

| &%first stage
chanbor 105, TRos, THOEECEuBR P PiFobH & SesRd nEbage ga ivalet
suppl | eslyascontrheléedl byepresisurkotlh the fﬂi?g:tu?gglagf%%%%Q@g%t ggg E,hgnbf{r
o h orenent e SERREL' SRty U8 (PRS00 " . e
200 and 300 %’%i%’é@ri%%rIéﬁé‘EOﬁa#@ﬁaltybanalw tinséldenehies seebnd stage
chamber 306 (relgtive to the flow area at the exit of
the second converging section 335). After a portion of
20 hot air is removed in the second stage chamber 306,—
more fresh quench air is supplied in the third stage
chamber 330 as needed.
' In the fourth stage chamber 341, a portion of
hot air is again removed in a manner similar to that of
25 the second stage chamber 306. This is donie mainly to
improve thread-line stability/uniformity by reducing
the total quench airflow in the direction of thread-
line travel-which reduces high turbulence and large—'
scale jetting at the exit of the qguench. .
30 Fig. 5 shows another embodiment of Fig. 3, with
elements like those of Fig. 3 designated by the same
200 series reference numerals and with elements not
found in Fig. 3 designated by new 400 series reference
numerals. The multi-stage system, shown in Fig. 5,
35 provides an exhaust 409 for the second stage chamber
406. The system of Fig. 5, like the three-stage system
of Fig. 3 comprises two converging sections, 416 and
435, a converging then diverging tube 419 and an
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found in Fig_3 and Fig. 4 designated by new 1100 series reference
nunerals. Fig. 12 shows a four stage apparatus in accor h %ﬂ%
present invention. 15 The first stage 1105 is open to th E )]
Accel er Q@ PY6346% in the second stage chanber 1106, whic CJd?%“
aspirator, induces gas flowinto and through the first stage 1105 The
. second stage gE§MQﬂQ& QEHKEEE%ﬂ@L@EW%ﬁn:#2§U@@r&hﬁDsEhEr|cThﬂlgmrszo

accel erating a%ars speed: iqud @mﬁﬁiﬁs CHY /ichS %esgtoet?g,éléhaﬁb »as an

aspirator, |ng aqg%ent (ftnns €ric) romt rst stage 1105. An
exhaust 1109 i Vitfe FFRG 17R2S h’rrf‘Jc?rstzé’éeléh§#9§F1t‘ﬂ§@ £PKudnt he third
st age chanber et&&ﬁhsts ats&gia A0 R5 wielaly eraopest gaB Bfolihehbokeabhdf rom t he
first and e St 06 The. rat f hot air being
renmoved ma? be a%tel \5% cont 1o 'Iegfg‘cb@u%p%? gFe ]él?m?ﬁ]e g%ﬁaust stage 1109
and/ or by prop"élmpfe-lsﬁsr\@ gfeqand f9aay dres éﬁlt kbacykupdiieal ggaenoh 30
screen aSSenblthel%h&ﬂlda’ﬁgewfﬂéaﬁ@éﬁiﬂoube T%lelloo@ﬁg %§sf Ei&ﬁ%ﬁ
i ntroduced |nto th %%FJ%Q% i a_.gas |nIet 1131 in_foUrth stage chamber
1141, at at mosph ﬁ@r‘ﬂ’? e§§914eat?‘iigln‘iépﬂlﬁﬁ§ﬁm es a
further vari afbiyosupp ivieng ¥ cdppar atass t@froﬁgg theswi Lhleterents |ike those
of Fig pdesignated Qy. t ﬁﬂﬁ? S fe C al and with
elenents4hot found in é%? esl gnaté%ﬁbgghéﬁﬁllggg §§$#§§E ?ef&ﬁbe
nurreral s. The mvéﬁﬁlé’h @@ sl RFhADfigEs568the Beprehtero200Be

PCTI USOOY 1oosawer5+191g beceanmy e vk Wakeob2L8 Have naeelfeav gL89
section 1236 %Phe stralgh section 1227 at the gﬁenc exit- The di_aneter

and | ength of §t B55ght A& i fh COIYEFISNGt RECHIBR tArPPe EPFeHred
provi de opti miln Fagk 5,ptéssurtdd drubeorinobki agstheigimuntbef air bei ng

renoved iy the: fourthseﬁﬁ ?Ich.?r‘rbﬁ{ ?é%og%nghlta?h%gm%ggﬁh Bni;e&gl g section |

1236 can be sized to provi acl ng and stabi earr r oundi ng
the filament s92518a¥nbE dntredugedhitulthe ﬁHﬁFe{BO‘QlavWﬁ%hlm%Et%lt‘&@&hed to

cylindrical ianér4val by3Gayvainddiss |2\ hay be atmospheric or
pressurized. The supply and the exhaust may also be

alternating. In one embediment of the present

20 invention fresh quench air is supplied as normal. The
second stage chamber 406 is then used to remove a
portion of the hot air from the first stage chamber
405. The rate of hot air being removed may be actively
controlled by pressure at the first exhaust stage 409

25 and/or by proper sizing of the flow area of the
cylindrical perforated tube 217 inside the second stage
chamber 406 (relative to the flow area at the exit of
the second converging section 435). After a portion of
hot air is removed in the second stage chamber 406,

30 more fresh quench air is supplied in the third stage
chamber 430 as needed.
_ It should be apparent to those skilled in the
art that variations of the present invention may be
made without departing from the scope of the invention.

35 For example, in Fig. 6 there is illustrated one such
variation to the apparatus of Fig. 2 in which elements
like those of Fig. 2 are designated by the same 100
series reference numerals, and where elemcuts not found
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-portion of the first stage chanber 305, separates the first stage chanber
305 fromthe second stage chanber 306. A first converging S%%i%nhﬁ@?2@33§6
havi ng a tapered 15 or continuous convergence at the exit of the converging
" secti orWpJofedted between the first exhaust stage 309 aP@T/ANHIICEST wal |

343. Anot her annular wall 332, attached to cylindrical inner wall 333 at

t he | ower [Mﬁﬂ|Eﬁﬂrﬁ2t$@eSéummmin%®éwchambéﬂ03Gérleepaeﬁbe&nbbe 20 second

stage chanber3R6-d1om the #ihr g Stﬁg%pog%%@‘iéte igve&é@ %gbl%f“{“c‘}er%r\?v;r?

section 1235 is forgped hetween the se gas in
301. A thi r FERMFArORaHe 2 sige of optdPradneanverginpyi agrieeal i nner
wal | 344 at tiso |mmrapm¢mm wix 9 25mmsrda&haﬂefﬁbanaer 330, separates

the thirdgstage. ron1the f, age ch 341. The
‘concept s shovvn i EI gsgé éigeo FEER L?Taﬂ ytag ga?o gﬁgrﬁPymre st age
quench appar digsiesl 2ing, ghe (ﬁ?&s (ﬂxmﬂoW@lgiastynBedsthandsscptmanaﬂl yagne or

more 30 exhaufirsil b N a1l fﬁﬁrp@&nbna&&l@‘ét%ﬁ or ofior & I phets or one

‘or nore gas austs or Aa nglnatlon of at least_ one ex%aus and at | east

one inlet. | U 1G9 WETPFARe 8nBPEPRRE cle¥ EoEaEedl ar and
cylindrical geetet rinott-ashexdmicitibaequanchhsceen, oB5th@erfor ated tube,

conver gepge r ti-0NS _ <C t angul ar oval i
Cross- seggloﬁﬂﬂmﬂﬁﬁﬁlﬁfgﬁﬁﬁﬁger% %HF ﬁgog méggaénﬁ%%ugprgftﬁﬁﬁﬁFﬁP or odd-
shape cross- $8¢ti&n.> Yk \A@‘f@omamosépaém@rtmms PGT/ &4800 10037 The

pr esent mverajml@tlys not limted to a quenching systemt hat surrounds a
, to

circular array of ut can be applied nore, broadly, .

other appropriate qu h5%12%393§F§ﬁ§tFﬁaF EﬁFFBﬁECEth%ESP%o@ﬁl Begas to an
appropri at el prognfitps exf dtigay 2of witheshbyerxs r Lilesl tinbderofi Fagents in a
zone bel Dy a ge3RIHRRR] byT%eag%e 38OLEP1LON AL LNC TRMQYL NG Of ves

- details of polyester filanment preparation wever tionis
not confi ned?3™% ﬁ’&i%seclémeﬂtlsaﬁé’ﬁt §oupgt Inalige Apiesianatedtbernew

mel t - spi nnable@OpaleyiiRiss reference numerals. In this embodiment, the
optional converging screen 120 is replaced by a
straight wall tube 645, which is perforated to allow
20 lateral gas to exit via a vacuum box 621.

Figs. 8 and 9 illustrate other embodiments of
the present invention. Again, in these Figures,
elements like those of Fig. 2 are designated by the
same 100 series reference numerals, but with new 700

25 series reference numerals. Fig. 8 shows a two stage
quench system having a first stage converging section
116 and a second stage converging section 126 and.a
curved diverging piece 727 that facilitates the gentle
turn of the gas exiting D6 without an abrupt change of

30 direction. The straight wall tube of a diameter DS,
which is preferably at least two times larger than D6,
allows the balance of the gas stream to flow downwards
and exit quietly. There may also be provided an
optional converging screen 120 having an exit nozzle

35 123, wherein the gas stream would flow downward through
the optional converging screen 120 and exit nozzle 123.
In Fig. 9, the apparatus is the same as that in Fig. 8,
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I ncl udi ng, polyolefins, e.g., polypropylene and polyethylene. The pol yners

I ncl ude copol yners, m xed polyners, blends, and chai n- br% rs,
just asylSofesl@wy exanples. Also the termfi | anent is usedp gmB%%’(fH% and
aple

does not necessarlly excl ude cut fibers (often referred to as st

al t hough synth are general | ared initially in theform
of conti nuous PoI (r;r:eﬁ-‘l gjé Dt‘ﬁeﬁg %r?r‘:éqlt :’s(buhs(ﬁﬁlf@ﬁﬂéd). The
speed of the farldalmlﬂ@qﬂdl Iby @ep@mfcmauérk mﬂquo usedin Beigt he i nvention

apparatus can be used qafs @o{i{ﬁ h cpny t| nal _systens. 25
EXAMPLES The invention WI I Sw gﬁﬁ%é f Qt hgglf 0 Y%V\naﬁg
non-1imting GEEHASEYS £f eé’@n\?@nttﬂ"é‘r?alo r’-’é@ﬁ aﬂfo E@By@feﬁngt Fig. 1

was used aS a ,adi. a., GtieRc Fue@hliolfa dier ot e tehe rRfdF L0 401 8SoFRQ
Control 30 A 'Ié &l 'b%‘hs g oduced _i.n .t he tfek? g}r)l es were characteri zed by

measuring cer tarn oroperEresy lodrTdrife 25 BT (VLS c8hdent i onal
tensile and s@ﬁnl@@@@cgﬂ@pérgaestumbaﬁm nomlmtsmn&lllimeas described in

U'S. Pat. Nosgigecti®d/ 6@963 %oRREpPE3 . sroukdt L/ %g$on - % and

5, 824, 248. Deni er real‘dlI is a neasure of the a %evenness of
a yarn by cal E3l¥gWERe §8r A4ersh. a@%tﬂtﬁ%4881ti'6 Dt @I TRPTre003
PCT1 US00/ 1003 gakn imAss speafdr egtabnedgdyl and Mremcyd s é&lﬁlﬁkﬁ&e yarn.

Denier variability is asyr.e n n_throu acitor slot,
whi ch responds to theﬂﬁstgﬁt gr]igésqz%a%assg "ygé{ﬂgl%ﬁ o‘?arﬁ%l? sPEsERBI e i s
el ectroni cal | gPeagR¢gedli Fig. eRghwisd iel esudygectliides thidde nefisEd @ ent s
every 0.5 in. d@sﬁbaaeeaesybeheegaméhgoffﬁﬂ@é?i@sa%fe&‘e&é@fﬂ dBa1s

measur enents w thi ntﬁacg e €elg Su SeCtIOI’]S are aver age

spread is rec8fgeli* EB%PEE\nPSBeQGPD@hl@ &isr-ade dgsiomadiRd by viied by
10 t he ave¥agélfifaserakengetbeenbel ruRédails of THie iyaleht ickeHd Nh&an be

;ggggggreg)olnnstru%\‘lO%Dé/@mgéEéggﬂH«B PG AN Vel UReN gl ard ation
section 816, for accelerating the air, and a converging
diverging section in tube 819. _All or a portion of the
diverging section 827 is perforated to allow a portion

20 of gas to exhaust while expanding and achieving similar
effects as shown in Figs. 6-9.
Fig. 11 illustrates a further variation of the
apparatus of Fig. 2, with elements like those of Fig. 2
designated by the same 100 series reference numerals
25 and with elements not found in Fig. 2 designated by new
900 series reference numerals. Fig. 11 shows a single
‘inlet two stage apparatus in accordance with the
present invention. The single inlet two stage -
apparatus is similar to that of Fig. 2, but has a
30 single gas inlet. A first stage chamber 105 and a
second stage chamber 106 are each formed in the
‘cylindrical inner wall of the housing 107. First stage
chamber 105 is adapted to be located below a spinneret
113. Second stage chamber 106 is located between the
35 first stage chamber 105 and tube 119. A petforated
annular wall 902, which is attached to ¢cylindrical
inner wall 103 at the lower portion of the first stage
chamber 105, separates the first stage chamber 105 from
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-avai |l abl e from Lenzing Techni k, Lenzing, Austria, A- 4860. 15 The Draw
Tension (DT), in grains, was neasured at a draw ratio ofigkeptdrib®@008nd at
a heater tenperature of 180 C. Draw tension is used as a measure of

“ori ent aWiOM/63498aw t ensi on may be neasured on a DTl 400 BXMPSWALE3AN

| nstrunment, also available from 20 Lening Technik. The Tenacity (Ten) is
measured in gtaﬁBSpepnéndta@éougamban @Eﬁ i sGan QMpﬁmégdamaaneasured
according to usk g g t at
5% RH and 70 05 Rosfoe GEILALEC A80! Erp1ifh JAUIECCERE 8RR “cru vas
measured in iﬁEﬁg§ @W@?Erloﬁn"-@%l:e 1‘P€§t éhreu%d‘éhecpﬁmﬁ@ﬁra@tadr ed by

Zel | weger Ust enndCa£Hw86109 0dst € ch&WEt zet | gaagé/aéhuﬁﬁér h@seagyy,g the

control arn, WEN, icr rit nmass. unber in percent
i ndi cat esrﬁjhesé%’mun?p%%e Ir?ﬁ 1 gﬁ?oﬁé?ﬂ}% ?ﬁ@gﬁegﬁsm‘i €5f the tested
sanpl e and i SuApPiesngas ndd cther fdlamketevénabbtivatkei i rseniahndr mty.
Testing was dgg@oﬁglg@gg@gcﬁgﬁbé§§ﬂw Met hod b 1425. All yarns tested were

run at 200 35 yds./m or 5 mnutes. The. tester's Rotofil twster
unit was set to pr owﬁ\’egs i %Jrl’tlﬁti-’ﬁéeﬁaﬁngaréﬁalpﬁs°§r &8sure was adjusted -
to get t he opappmmti%esF@f - 3%, addOr34. ang *i6h 180eRSNs st hexpr essure

Loed 15 Rar 120D %2&%&’%“%&2 B €5550°03, By cSRPng TR 980 34 HOY.

product s. EXAMI@E3QO 55@"3.1_@&7 rreieeencg4nuoendlsrasd- withi ehefichasenbt

(127-34) pol yestRa ¥@rniyass Spud F{em @Oaags{?w%& L&l,eRhbh! ate) pol ymer
usi ng a quench sisten1 descri bed hereinbefore an il Tustrated in Fig. 2,

havi ng t he prfhh ?saﬂig?%ﬁQE?|i&Fﬁﬁﬁ?%?s | i ed! % SHEWT 62 160UrpEkade to
produce yarn &Ehpseapuoper tacsorniaad switlyi viea preJaht eidvehtrish.st age

quench aiys | sydPPl1&d {0 FMs 285 15568) & NEQUAR R GHech screen assenbly
Accelerating air in the second stage chamber 1106,
which acts as an aspirator, induces gas flow into and
thrpugh the first stage 1105. The second étage gas
inlet 1108 gas supply is superatmospheric. High,
20 accelerating air speed in the first converging section
1116 acts as an aspirator, pulling ambient
(atmospheric) gas from the first stage 1105. An
exhaust 1109 is provided for the third stage chamber
1130. Thus the third stage chamber 1130 is used to
25 remove a portion of the hot air from the first and
second stage chambers 1105 and 1106. The rate of hot
air being removed may be actively controlled by
pressure at the exhaust stage 1109 and/or by proper
sizing of the flow area of the cylindrical quench
30 screen assemwbly llll-and/or perforated tube 1117. Gas
is further introduced into the system via gas inlet
- 1131 in fourth stage chamber 1141, at atmospheric or
superatmospheric pressure.
Fig. 13 illustrates a further variation of the
35 apparatus of Fig. 4, with elements like those of Fig. 4
designated by the same 300 series réference numerals
and with elements not found in Fig. 4 designated by new
1200 series reference numerals. The invention as shown
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111, having an internal dianmeter D, below which is the first stage
convergi ng section of entrance dianeter D2 15 and helght P%i%
09 o as an

sectio med by the inner walls of the converging
entran::\g%)aq%é%g{ D3, exit diameter D4 and | ength L2. An‘i'ndepen ent

secondary source_of cooling air (44 CFM 20.5 I/sec.) is provided through
cylindrical Zénpg?gor£§e8°835é5?§7aaﬁH&EbﬁﬁﬂﬁegaﬁﬂF% &heoRverging age air

supply at theseatiance2tdi angt ar sai)algﬁtt h@ct@@ﬁnQ22$té‘Qetl§@r&i§‘érﬂ’:H‘

section 126. conw 126 exit dianeter of
D6 and conve%- encecflg%g‘?#ﬁ%g tShdf g gdgg? ?Wéa T FREYH of

spi nni ng tubeld3®. ofnhehéeotepe porti be ﬁﬁzeﬁetosprQWL@@ opthimdll Sativer ges to
di ameter B7 oygsssitee f@ﬁgéﬁnéfoﬁmﬁnbstﬁbtEﬁgPﬂEtgf Efrggﬁﬁged exhaust

di ffuser cone 120 of hei i exa contr wher e
appl i cabl e, thE"LELS njdns'?%%ef‘ﬁ‘éFFBr stage §ba¥':BBE Pthgt SimiAgmlyy, 875 in.
The appar at ustlxecosmvewgihy sdetiovenbBencah bxagpked ltovipdtohigiei nafter be

referred to 'Eﬂgf n W pyn. with E odl nt A was at a
wi t hdr awal spee dé"g% ét&illg}g Xgog{)%rl son; o CONtT n was al so

spun 35 from £hE2EIMES pol yner using the quench system descrl bed earlier
and illugprated with jﬁfpignc33toa5|gnnﬁlagh@algeg@yaqhxﬂﬁgq$§s and

resultin ar ties shown conmparison in ble 1. The
contr ol 3a¥n #%/&%P% é@%{ﬁ%&%\%ﬁ?%rr%ﬂ“eﬁoﬁ% oy ePrest ocess is a
conventi onal Pomdic cqﬁlerimé\"fzj:estgstaberehamb@irlmngs,alge;@qra{]t%sé@equench?r

- through an expaust 4 %ﬁgqﬁgfe a r..tot aneter o

t he guench screen assenb 395 ﬁPéﬁlc%écoo$&ﬁél%ﬁ%gﬁsﬁgmtﬁﬁbl|ed The
quencher was ¥fppld d w#t rpczrngr(lqgssctwsebzl,ﬁ diawiow ingagiereshd the |
yarn wi ther awst cpeathudas c?orikf’é’r@@ﬂte'r‘é'tstl@éaé’ﬁpi@ Sermstdakes ol ?x%t

nventi on, - amPSar o CHRIE T REERPR: FOF prBBbrEest e PPed, as
refl ected by arkst aappried melel \3dile ofnother demimelars waddd.33Bhi s exarrpl e al so
de”DnStratesé%EaChed to cylindrical inmer wall 333 at the lower
portion of the second stage chamber 306, separates the
20 second stage chamber 306 from the third stage chamber
330. A second converging section 1235 is formed
between the second gas inlet 331 and bottom wall 301.
A third annular wall 343, which is attached to
cylindrical inner wall 344 at the lower portion of the
25 third stage chamber 330, separates the third stage
chamber 330 from the fourth stage chamber 341.

The concepts shown in Figs. 6 - 13 apply
equally well to one or more stage quench apparatuses,
with one or more gas inlets, and optionally one or more

30 exhausts. A single stage can include one or more gas
inlets or one or more gas exhausts or a combination of
at least one exhaust and at least one inlet. In
addition, the invention is not limited to circular and
cylindrical geometry. For example, the quernch screen,

35. perforated tube, convergence and divergence sections
can be rectangular or oval in cross;section, if the
spinneret (filament) array has a rectangular or odd--
shape cross-section.
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-inportant feature of the present pneumatic spinning invention, e.g. that
one can spin at higher speeds (and 15 productivities) pragugpidnidi©osane or
better product. |f one attenpted to operate at hi gher speeds, say 3,400

" npm and Y488¥6346%i t hout t he benefit of pneumatic spi nni ngeCTAB0OMOOZUIC

woul d be different and, thereby, wunacceptable. The draw tension woul d be
hi gh and the 20 %b | o®heFpreeranplieyentidwridsxerpliend teee taoy d have run
a control test ] t] 0 ..the draw.tension woul d
likely have beq%é%%%ﬁl?él%gggrr@ t %%?"éo. %‘%’nd%%qcﬁr%ﬁﬁ- 35T OIs. Patent
No. 5, 824, 248)+1Ep0H%| ek ern Hoysapp hiedimave drsiaddy25 ephact iteal | y

characteri zes dtieey aapprdprifce dndench 8PN s tWarSapRLES, ALe (e sane,
t hen t he %D, C%%%'#G%%ang ot her%pr%?erti s wll_ be about the sane, 28 16
Sept enber 2003 B8- 047 (FRPIPTIRLely) cogtigurgdnarray e [*1 wd
Ln H Ln .kO -fogalmin\eruded mdl@m filaments ja H zbnENpEvaht Z1NNd1mi o M
ininLn U rigiNdstegge Ln f*) d< Ln mv ri COmHTr-) ri ri NLOW(N C1

- LOIDLnC Ln Ln LON_-ter. a1 _VJ rj d1 fnLn aLn 1,
_ The above description and the following gives

details of polyester filament preparation. However,

10 the invention is not confined to polyester filaments,
but may be applied to other melt-spinnable polymers,
including, polyolefins, e.g., polypropylene and
polyethylene. The polymers include copolymers, mixed
polymers, blends, and chain-branched polymers, just as

15 a few examples. Also the term filament is used
generically, and does not necessarily exclude cut
fibers (often referred to as staple), although
synthetic polymers are generally prepared initially in
the form of continuous polymeric filaments as they are

20 melt-spun (extruded). The speed of the filaments will
depend on the polymer used. But the invention
apparatus can be used at higher speeds than the
conventional systems. '

25 EXAMPLES

The invention will now be exemplified by the
following non-limiting examples. The conventional
radial guenching system of Fig. 1 was used as a radial
quench control, hereinafter referred to as “RQ Control

30 A*. The fibers.produced in the examples were
characterized by measuring certain properties.

Most of the fiber properties are conventional
tensile and shrinkage properties, measured
conventionally, as described in U.S. Pat. Nos.

35 4,687,610, 4,691,003, 5,141,700, 5,034,182, and
5,824,248. '

Denier Spread (DS) is a measure of the along-

end unevenness of a yarn by calculating the variation
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SLEEL (U, 2Ly OS50 m b om0 bbb

.0riO- N
every 0 m. leferences between the maximum and

minimum mass measurements within each of the eight
subsections are averaged. The denier spread is recorded
as a percentage of this average difference divided by

10 the average mass along the whole 240 m of the yvarnm.
Testing c¢an be conducted on an ACW400/DVA (Autocmatic
Cut and Weigh/Denier Variation Accessory) instrument
available from Lenzing Technik, Lenzing, Austria, A-
4860.

15 The Draw Tension (DT), in grams, was measured
at a draw ratio of 1.7.times, and at a heater
temperature of 180° C. Draw tension is used as a
measure of orientatipn. Draw tension may be measured on
a DTI 400 Draw Temsion Instrument, also available from

20 Lenzing Technik.

The Tenacity (Ten) is measured in grams per and
elongation (E) is in %. They are measured according to
ASTM D2256 using a 10 in (25.4 cm) gauge length sample,
at 65% RH and 70 degrees F., at an elongation rate of

25 60% per min.

' CFM was measured in inches of water.

An Uster Tester 3 Model C manufactured by
Zellweger Uster AG CH-8610, Uster, Switzerland was used
to measure the control and test yarn U%(N) irregularity

30 of mass. The number in percent indicates the amount of
mass deviation from the mean mass of the tested sample
and is a strong indicator of the overall material
uniformity. Testing was done following the ASTM
Method D 1425. All yarns tested were run at 200

35 wyds./min. for 2.5 minutes. The tester's Rotofil
twister unit was set to provide 8 tﬁist in the varms
and its pressure was adjusted to get the optimum U%.
For 127-34, 170-34 and 115-100 POYs the pressure was.
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- WD 00/ 63468 EXAVPLE 2 16 Septenber 2003 PCT/ USOQO 10037 A second 127-34
pol yester yarn was spun using the sane quench system as {Bxxpber 2898ept
that the 5 straight tube of entrance diameter D3 and exit dianeter D4

| ocat ed WSeW0H348 t he first and second stage convergi ng coPERUSs1003%per ed.
~The entrance dianmeter D3 is 1 inch, as in Exanple 1, but the section
tapers to anieXitamiane@s-B4 oY .dfednchswhish Accebepates bhe, 10 first

stage coolin the converqging sectjo a hi gher average
vel ocity tha%wig?%]%ey glél%tlal 0 r\A&?Sts"trﬁ%i %ﬁ?.f%égﬁo%ﬁgﬁgﬁo Bpafat us of
Exanple 1 described above will hereinafter be referred to as "Enbodi nent
B". In Exanpl®admtie of i rst stage was 15 supplied with 33 CFM (15.4 1/sec.)

of cooling air while the second stage air _supply was 35 CFM (16.3 1/sec.).
The aver age ait vel odt th ToPRETexiIE FOURE FresE-seaptont Ghdamestf or

Exanpl e 2 was(1ZPe3)ghedyebarrt fatrri Maié@gﬁmhefﬁgrﬁmwe@ﬂﬁeﬁ@n)- The
ool ng & consdee] BBRLREY ) (SR Bt ente 1 Sec) Tor (1
and 2nd st agEefirihigshhpreiagefrse arst theispramedgmpribess2 put yet
provi des comarndbiee chel bRdmavwd! appaeds (s %M%rgr][ﬂ@g&qﬁv#ﬂl nd even
25 nDre.FBpoHFgQ%%xblggrgve uthe arnaﬁg#%grq}ty Y. omerzggst e deni er
spread, i e.,” O s -O1P1H6S6 ¥81%e PRI SAG D 01163 @) ( pl ID
O COr-1 r-I|giPel US00ADRDRE3T.O HiMstcpddde dpueddtviris ts Mphitegto - -
CrtolLn (50 CFM, 23 1/sec) through a quench screen assembly
111, having an internal diameter D, below which is the
first stage converging section of entrance diameter D2
15 and height L1. A tubular section 125 formed by the
inner walls of the converging section 116 has an
entrance diameter D3, exit diameter D4 and length L2.
An independent, secondary source of cooling air (44
CrM, 20.5 l/sec.) is provided through cylindrical
20 perforated tube 117 and combines with the first stage
air supply at the entrance (diameter DS) of the second
stage converging section 126. The second stage
converging section 126 has exit diameter of D6 and
convergence length L3 and is positioned at the entrance
25 of spinning tube 119. The lower portion of the
spinning tube 119 diverges to diameter D7 over the
length 1.4 and is fitted with a perforated exhaust
diffuser cone 120 of height L5. For all examples and
controls where applicable, the second stage perforated
30 tube length 117 is 1.875 in. The apparatus according
to the invention of Example 1 will hereinafter be
referred to as “Embodiment A”. The yarn spun with
Embodiment A was at a withdrawal speed of 3,900 NP .
For comparison, a control yarn was also spun
35 from the same polymer using the quench system described
earlier and illustrated with referehce to Fig. 1, the
relevant process and resulting yarn properties are also
shown for comparison in Table 1. The control varn
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| tnbn MtD d" N r-I O w 43 0 UIntDN tDLNn O-c¢cZr-1 M

r_
) OL Ln to Ln N tDrltl~M L- LnNM or-1LnralLn to LnLf 4%6 ; N O
Or &vN -1 'r NO NiHmto MLn Lfl Lfl Hr, r- L-qé sfyn‘e ]
YQUUS368 | N 1Oa -r1 41 a) r-1 as xAA MU U -U W7 2 s{ a

r M4 0 a a) -rl 44 ~Mkn MO bi s~ firyy rl}) 75 six tn( vy, WOXx
process 1is a conventional “radial quench” design where

cooling air exits the quencher through an exhaust tube

15 whose diameter is similar to the diameter of the

quench screen assembly 11 through which cooling air is
5 supplied. The'quencher was supplied with 42 CFM (19.5

1l/sec.} of cooling air and the yarn withdrawal speed

was 3,100 mpm. '

This example demonstrates that filament speed

can be increased in the apparatus of the present

10 invention, and yérn of comparable superior properties
are achieved, as reflected by the approximate value of
the denier spread. This example also demonstrates an
important feature of the pbresent pneumatic spinning
invention, e.g. that one can spin at higher speeds (and

15  productivities) producing the same or_better product.

- If one attempted to operate at higher speeds, say 3,400
mpm and above, without the benefit of pneumatic '
spinning, the product would be different and, thereby,
unacceptable. The draw tension would be high and the

20 $Eb low. For example, if for Example 1 one would have
run a control test (without pneumatic) at 3,900 mpm,
the draw tension would likely have been about 140 gms
{see column 8, lines 19-22 of U.S. Patent No.
5,824,248). For polyester POYs, the draw tension

25 practically characterizes the yarn. If the draw
tensions of two samples are the same, then the $%Eb,
tenacity and other properties will be about the same.
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0--md0>-ri k-l ~l H-r-1 ~z -ri itr, rcr. O --1a) a) f-1 a) H

ZQAQHW SUBSTI TUTE SHEET (RULE 26) WD 00/ 63468 16 Sept embeys 2003 . g
PCTI USCRJ0AZEXAVPLE 3 This exanpl e denpnstrates that OhREedlBes OF

products can be spun and quenched using the apparatus 5 of the present
invention. - For exanple yarns of any desired denier can be produced at

hi gher speedsEkﬂﬂgLEc%nventional systens, by control of the air quench
syst em accor di ng e invention. The controls for these runs also

i nclude a comrercially avail able BARMAG, 10 cross flom1quench systen1(XFQ
Control) and a seconda sadball guengh 9@@§é9£er 2D RIA=0lspBn

conventi onal 0s | o nch stem 603 Ilters/sec)
per 6 threaleﬁés L %%%ﬂgﬁdf¥?g ng® é?%@%k qffEQtlnbéés the19. 9cm

| ength ané 328Urah@h©st456(83 encnnee dd hametten I3 ess- sgdti dhaheaega of
1543 in2 (998b pagateﬁ%ge@é@ﬂltﬁel 818 COMBIAAnd adhge quench diffuser

whose geonetrg iS shown in .. 1 excep 3 inches™and D1 = 2.75
i nches and C OWV%FQH%%egon?ésu}?stﬁﬁﬁF%@edfHFéa§ﬁ6ﬁﬁC?nd¢éBP§eB DBor al
20 enbodi ment s of  ihehprasent ExsenléoD, dmsk tdie certiohstapbeserappl i cabl e,

the second st e ggf&E%%€;$fu@E okeﬁggﬁ fﬂé&;éil 87éce99r?y%%aL%Fruns

except Run 3t enc eren
- pol yest eft@ yar%%%%?es%%%% Cleu%gn@aﬁnthaﬁaﬁaﬂﬁyf&@@@EﬁghggtaEEthHZ The

first run vmoaaJﬁfgﬁéro&v@rag@p&ep@by@stﬁ{arpqrft h:alel ¥eBti8At §is yarn ( PQY)

gnLLgPtAd:?I%‘E‘%lWCh S At oR ”%éif@%&%%é giF 235;& 3900 mpm
and 30 Enbodldﬁﬁﬁribaﬁtawafiamnbh]hmrednaﬁﬂﬁrrhanreférhed tonessi ons and
parameters wesgnRuinbfl! oS ENELSkn BRI Bk Lemaengbulgs= 293C
15 supplied with 33 CFM (15.4 1l/sec.) of cooling air while
the second stage air supply was 35 CFM (16.3 1l/sec.).
The average air velocity of the exit of the first stage
tube 125 for Example 2 was 17% higher than that in
Example 1 (3225 v. 2755 mpm}. The tapered tube allows
20 an approximate 30% reduction in the total amount of
cooling air consumption (68 (31.7 1/sec.) vs. 94 CFM
(43.8 1/sec.) for 1" and 2™ stage air supply) required
for the spinning process but yet provides comparable
withdrawal speeds (~3900 mpm) or productivity and even
25 more importantly improves the yarn uniformity by
lowering the denier spread, i.e., 0.65 vs. 1.1%.
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-l nvention Spin block tenp. = 297C 35 Quench Airflow at 1" Stage RQ Control
A = 42.0 CFM Enbodi ment A = 44.0 CFM Enbodi ment B = 33.1¢ SMR38erHo03

Sept enber 2003 WO 00/ 63468 PCT/ USOQ 10037 Quench Airflow at 2nd Stage =
*35. 0 CFMVH@{684685pp] j cabl e. Embodi ment A conpared to the PEBHUSPO/HEEhch
control shows that the invention provides simlar 5 products with a 27%
hi gher spin speed. Enbodi mnent A versus Enbodi nent B conpares results for a
t apered cone section (1" dianeter to 0.750 tube) versus a straight cone
'section (10 tube dianeter). The results indicate that a tapered cone 10
exit can provide better uniformty (%DS, U (N) was obtained while |ess
air was used. The spin speed was about the sane. Enbodi nent B using an
anneal er in conjunction wth the quench systemsimlar to-Enbodi nent B was
also 15 shown in this run. An anneal er was used (200C, 100mm anneal i ng

l ength), injcopbination with a smaller apparatus having a 1i rst stage (1S)
cone exit dijangter O.Q_O"-di a. Nso'gjra‘jr ht tube vs. 1.0/0.75 ¢ia. for
‘Enbodi nent B), rmo:hmower Fiwst -st-ageoah-rgﬂow(w CFM 20 vs) 33 for
- Enbodi ment l%, ande dwer pbly el & ehper atiice (290 ys. 297 {or Enbodi ment
B). Spin spgad|increased to 4500 npmw th the amsneg gr_, frafn 3900 npm
Thi s- exanplig' $hows anot her variation of the inv&ngi:_mq Qadqafthe additive
benefits whe¢fl ¢onbining with other 25 hardware syrhras @m @hneal er. This
exanpl e al s¢® denonstrates the ability for independéht cbhtfol of spinning
~productivity via design of first stage to maxinze neltatyenuation. The
next run wa$ ajl7Qa3d or 5 dpf] pol Pest®Ef 38 POY of nedi um dgnier, which was
spun using RQ fontrol A, af, 3448 SPm, Fohegdi ment A at 4290 frpm and:
Enbodi ment A at 4690 npm her di mensions and paraneters yjwere as foll ows:
nwan ‘ '
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35 Control Spin block tenperature = 291C Invention Spin block tenp. = 293C
Quench Airflow at 1" Stage RQ Control A = 58.0 CFM 33 V\DQ—DO 4

Sept enbeg, %ﬁp% PCT/ [ 1500/ 10037 Enbodi nent A (4290 np P}g%s%ﬁ :
Enbodi ment Af% =-44.0 CFM Quench Airfl ow at 2" Stage E od| ment A
(4290 npm 35.0 5 Enbodi ment A (4690 npm = 50.0 The RQ Control A was
conpared to Enbodi ment A at increased speeds for a md-denier yarn. The
results show }Eﬁ!&g ects on spin productivity by increasing airflowin
stages one an roductivity gain of 10 36. 1% was obtained with 94
CFM vs. 24.5%with 70 BRM exPmplEehiGathongt nge s lzl%tml’c&r k@ed?pfomol yest er

POY of heavy d@fbcﬁlat%aﬁhﬁ@%pﬁwam@shﬁ%ﬁQM£ aﬂ%)a
Control %{ n%mand 42.0 CFM,air flow at - sta one, RQ Control A
at 3406 np DS SEEH éP?’ePI‘“-&w“at Feryexamwel %ﬁ%&dﬁr&ﬁ aBY¥at 4272 npm

and 29.5 CFM @sm‘dcb\dewuesft gge beepradddenbedi rreighds aipee@_@lhmm and 33.0

CFM air flow at di gensi n et as follows
Spi n Bl ock Tenp for IS% %o %E%@Sangg’ %b%%%oﬁn\%efg?{ on :ﬁr %ench Airflow
at 1s' Stage REYSHR BACoRSing ervfFheqAnyer®icsht r fihea qosgroRl) £658. 0

Enbodi ment B (2kde Gads al%% $Snc2babrhodiomerir B {13% GvMiiapid Ga@uerch

Airflow a ta —3 0 enc results of the

t hird runtlshovve f% Lop SofRe Fyﬁggpeég%ﬁzgcc]?ﬁle?tﬁ&ﬂalafﬁegv@egﬁ % oduct i vity

~for RQ 30 Contrastisil mmeschecoptweie BRefomtawlail.f IThe wasveimdoeaded from
42 to 58 CFM (&394 fl-&lﬁqﬁﬁﬁk‘ht Systeht BebpIRQY tl@eISEfJf%Ft(%ogf I ncreasing

Aroduct vi ty | SR BEd 0Bs8. Sob i Srbsnss WRGRRT A Ghtusing
- screen of 47.2 inches (119.9cm) length and 32.7 inches
15  (83.1 cm) width and a cross-sectional area of 1543 in’
(9955 cm’). RQ Control B is a commercial radial quench
diffuser whose geometry is shown in Fig. 1 except, D =
3 inches and D1 = 2.75 inches and C = 7.8 inches.
Results achieved are shown in Table 3. Fof all
20 embodiments of the present invention and the controls
where applicable, the second stage perforated tube
length 117 is 1.875 in. For all runs except Run 3 the
Quench Delay was 3.25 in.
Six different types of polyester varn were spun
25 using an apparatus according to Fig. 2. The first run
was a 127-34 or 3.7 dpf polyester partially oriented
yarn (POY) of light denier, which was spun using an XFQ
Control at 3035 mpm, RQ Control A at 3100 mpm,
Embodiment A at 3940 mpm, Embodiment B at 3900 mpm and
30 Embodiment B with an amnnealer at 4500 mpm.
Other dimensions and parameters were as
follows:
Control Spin block temperature = 293°C
Invention Spin block temp. = 297°C
35 Quench Airflow at 1 Stage
RQ Control A = 42.0 CFM
Embodiment A = 44.0 CFM
Embodiment B = 33.0 CFM
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- 35 was increased from29.5 to 33 CFM(+11.‘ 99 . Run 4 was performed using a
115- 100 polyester mcro POY on RQ Control B at|26704n52F80/ 346%§?%0§ at
3490 npm and odi nent B at 3500 npm The results 3

: Septerrb&o%?ngCT/ US00110037 showed that a conparabl e pFobEM OB d be
produced at higher spin speeds for mcro-denier yarn. O her dinensions and

paraneters are as fol bQ¥u§~n L Bl,ogk Je 2§§$§§OC§F@C JALLflow at 1"
Stage RQ Control .B b42.% %ﬁ%odﬁhent B ?55%% np =" 29 5 "Chench Airflow

at 2nd Stage gggﬁécg%%es was performed using a 170-100 or 170-34 10
pol yester yarn. The 1Z@bd@0merit 14 OcShpankiessd efhey aradi ABSH$EHALUSI Ng RQ

Control B at i t. B at. 4580 Agai n, results showed
t hat conparab?éggﬁgggﬁ%?ﬂ%gﬁﬁﬁgHgggr%'ﬂ%@%?%& Qﬁ%§i§3% Hspteds for
m cro-denier PEPALRCES WER a2 Huhk@reY st ofpe@D- 34 HOY bei ng spun  on

Enbodi ment B at 5000, ER609ind000 AaEs s SBRRend e écg\%sgf?%shomd t hat
highly oriente 00

- ' . 35 3468 M M E+
"16 Sept enber Egﬁ‘gf %ﬁﬂgﬁw %‘&é‘? P%%]%fﬁa ﬁ&s't -‘%&“&F‘%ﬁr GMN ' N W) NNd
C7 dfrOO O 0.757 tube) versus a straight cone section {(1* tube
diameter). The results indicate that a tapered cone
10 exit can provide better uniformity (% DS, U% (N)) was
obtained while less air was used. The spin speéd was
about the same.
Embodiment B using an annealer in conjunction
s with the cquench system similar to Embodiment B was also
15 shown in this run. An annealer was used'(ZOOOC, 100mm
annealing length), in combination with a smaller
apparatus having a first stage (1S) cone exit diameter
(0.60"-dia. straight tube vs. 1.0/0.75 dia. for
Embodiment B), much lower first stage airflow (19 CFM
20 wvs. 33 for Embodiment B), and lower polymer temperature
(290 vs. 297 for Embodiment B). Spin speed increased
to 4500 mpm with the annealer from 3900 mpm. This
example shows another variation of the invention and
the additive benefits when combining with other
25 hardware such as an annealer. This example also
demonstrates the ability for independent control of
spinning productivity via design of first stage to
maximize melt attenuation.
The next run was a 170-34 or 5 dpf polyester
30 POY of medium denier, which was spun using RQ Control 2
at 3445 mpm, Embodiment A at 4290 mpm and Embodiment A
at 4690 mpm. ' -
Other dimensions and parameters were as
follows: :
35 Control Spin block temperature = 291°C
Invention Spin block temp. = 293°C
Quench Airflow at 1™ Stage
RQ Control A = 58.0 CFM
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Embodiment A (4290 mpm) 35.0 CFM
Embodiment A (4690 mpm) = 44.0 CFM
Quench Airflow at 2™ Stage
‘Embodiment A (4290 mpm) = 35.0

5 Embodiment A (4690 mpm)= 50.0
The RQ Control A was compared to Embodiment A

at increased speeds for a mid-denier yarn. The results

show the effects on spin productivity by increasing
airflow in stages one and two. A productivity gain of
10 36.1% was obtained with 94 CFM vs. 24.5% with 70 CFM.
' The third run was a 265-34 or 7.8 dpf polyester
POY of heavy denier, which was spun using XFQ Control
at 3200 mpm, RQ Control & at 3406 mpm and 42.0 CFM air
flow at stage one, RQ Control A at 3406 mpm and 58.0
15 CFM air flow at stage one, Embodiment B at 4272 mpm and
29.5 CFM air flow at stage one, and Embodiment B at
4422 mpm and 33.0 CFM air flow at stage one.
Other dimensions and parameters were as follows
Spin Block Temp. for RQ Controls and the
20 invention = 281°cC
Quench Airflow at 1™ Stage
RQ Control A (42 CFM) = 42.0
RQ Control A (58 CFM) = 58.0
Embodiment B {29.5 CFM) = 29.5
25 Embodiment B (33 CFM) = 33.0
Quench Airflow at 2™ Stage = 35.0
Quench Delay = 1.25 in.
The results of the third run showed the effects
of increasing quench airflows on productivity for RQ
30 Controls. No effects were seen when airflow was
increased from 42 to 58 CFM (+38%). The results
further show the effects of increasing quench airflows
on productivity for the quench system of Embodiment B.
Productivity increased to 29.8% from 25.4% when airflow
35 was increased from 29.5 to 33 CFM {(+11.9%).
Run 4 was performed using a 115-100 Dolyester
micro POY on RQ Control B at 2670 mpm, Embodiment B at
3490 mpm and Embodiment B at 3500 mpm. The results
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showed that a comparable product could be produced at
- higher spin speeds for micro-denier yarn.
Other dimensions and parameters are as follows-
Spin Block Temp. + 297°C
5 Quench’ Airflow at 1% Stage
RO Control B = 42.0
Embodiment B (3490 mpm) = 29.5
Quench Airflow at 2™ Stage =35.0
Run 5 was performed using a 170-100 or 170-34
10 polyester yarn. The 170-100 or 170-34 polyester yarnm
was spun using RQ Control B at 3200 mpm and Embodiment
B at 4580 mpm. Again results showed that comparable
product could be produced at higher spin speeds for
micro~denier yarn.
15 A final run consisted of 100-34 HOY being spun
on Embodiment B at 5000, 6000, 7000, and 7,500 mpm.
The results showed that highly oriented varn could be
spurl at high speeds.
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Although the invention has been éescribed above in
detail for the purpose of ilJustration, it is
understood tha; the skilled artisan may make IUMerous .

5 wvariations and alterations without departing from the
spirit. and scope of the invention defined by the
following claims.
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- 10-04-2001 US 000010037
16 Sept enber B%%EZSP%CH‘USOOMOOS? Al t hough the invention has been descri bed 037

above in detail for the purpose of illustration, it is 1esifShagdophat
‘the skilled-artisan nay nake nunerous. 5 variations and alterations wthout

departing fromiher-spy t@fmi .scope of the invention defined by the .
fol | owi ng clainﬁf 5% QEé - 8%%’DP6725 PCT US 000010037 16 Septemnmber 2003

VWHAT | S CLAIMED IS: 5 1. A nelt spinning apparatus for spinning continuous
pol ynmeric.filanents, conprising: a.first stage gas inlet chapnber adapted to
be locat@&d bel ow a s%r nniér%?fgnﬁpén%%%%nﬁpggﬁﬁguﬁatOFn?@%m%ﬂ%rrber | ocat ed
bel ow t he fi renisimgeugasol ywhetld Of Thandrers, wenerisime: first and second

stage gas inlet chanpe p 0. fi S control. the '
tenperature of the fﬁaﬁgﬁgg;%%%ggﬁ?%bjéﬁ %%a%}g%mg%%o%&%%%ege%%n%estage gas
i nl et chanmberldertedirbolowi aEpindretanmmd -2 scadny stifyeqis ohkeact eri zed

in that the tahaumbdie! Lslescan Batsy i Ot Wad dohavi g a4 L0nMergi ng secti on,
fol |l oned ﬁy di.vergi section. 512 The a(gpar atus of claim1, wherein a
first stige C@iﬁﬁ‘?}%ﬁr’@ﬂ d@g@é%%ffoﬁp% Yot b ettt tHeds re Yolalt age gas
i nl et chanberciambdie sgnund Giade gise i Rinerdh@tiercordrdhea@ppar at us of
claim1l,-further _includin housi ng adapted.to be | ocated bel ow a |
spi nner et ar;':c? z?ei‘lfarncs restoa%et %a%?ear“%&h%f’a as"é‘%:ond stage 25 chanber each
formed in the inner waltuld iteatedishalpw tAne scomid stsaed tgmded to the
inner wal I aty & d+0 ta d.rst r arate the
i Vi amd iy L 0 ﬁrfﬁlﬁ‘lstéalécfegsc 1o af»’:l.e.]_ﬁé%q{ Eﬁ ad %l?ef}p

first stage chanber fromthe secon anber. e apparatus of

clai m 1, 1P ur 9+ 3-haradfdhmged daerfdnts gt dentimgindgm st i oned in the

first stage chaeior Waereinhdiiey apRaidldis iy adapint, st dhal by '
pressurized gas,. s blown inwardly fromthe first stage gas inlet through
the first st%géijc‘?%ﬁfé?g §%{t0"F zone formed in the interior wall of the
quench 2. The apparatus of claim 1, wherein a first

stage converging section is formed between the first
20 stage gas inlet chamber and the second stage gas inlet
chamber.
3. The apparatus of claim 1, further
including a housing adapted to be located below a
spinneret, and a first stage chamber and a second stage
25 chamber each formed in the inner wall of the housing,
and a wall is attached to the inner wall at a lower
portion of the first stage chamber.to separate the -
first stage chamber from the second stage chamber.
4. The apparatus of claim 1, further
30 including a gquench screen centrally positibned in the
first stage chamber, wherein the apparatus is adapted
such that pressurized-gas is blown inwardly from the
tirst stage gas inlet through the first stage chamber
into a zone formed in the interior wall of the quench
35 screen.
5. The apparatus of claim 1, further
including a first stage converging section formed in
the interior of the inner wall, and a perforated tube

disposed below the first stage converging section and
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- 10-04-2001 , . i
35 screen. 5.D?ﬁ2§23p%)§?at us of claim1l1, further including a first sltjggoeoomoos‘

converging section formed in the interior of the inner waldeptéfifer®003

‘per forat ed tubetwééﬁp@ﬁ@dfbebew@tggef'&%tiﬁiégeaﬁenfﬁéggag ﬁaC%Bg .and 39
AVENDED SHEET 10-04-2001 6725 _P U§ 00001003: 16 SeEtenger : bet ween

the first stage®gaBtFht eFPGnBSEheTeLEonESEafe1ngadoraAFed, centTpéiior at ed
t ube being | owatefincenér abbyndwsthgs thembeeond stage chanber 5 6. The

apparatusof claiml, .fur r __including_.a convergi cone havi ng _
perforated walls | pcgt' ed&'gel 8W?ﬁ8%8isvgfgf:ri61§'e&t’i %ﬁ?’tg‘?rThe appar at us of
claimi, furti\w}uﬁmgu@li aguuergind stngehahangepetdormdednwibesi nner 10
wal | of the hﬂgéé@@daﬁakéwtQhédﬁ§%é?§%ﬂﬁsséﬁkfg for supplying gas.to the

: e

third stage chanber’ ereint e”is oqa?éd bel ow the third stage
gas inlet chanber. 87-ThéhappaParatusfoél almimel,f urhkerl5 including a

vacuum box | onat BeDek ow ¢ herdi é(@é%é NGhamB&ti B rmihel £ t?héh uum box
The, apparatus of claim1l, Turther

surrounds .t he nvergi ng cone. . : [

includingoa Qﬁ%ﬁﬁﬁ? dgh?g%%T%ﬂn%e?BQ/?h%hﬁ¥@e?5?ﬁ@ g9 LeketoPrand a

strai ght wal |suptheyiesades bel ohe t tiei 80 ver §ha0cBeebesN, whbes 8h Nchde vacuum
box surround . sty.aigh |{ tube. 10. The_ apparatus of claimé6,.
wherein the qﬂﬁggfﬁgﬁgggg%%?ﬁﬁéi%watc%r%%ﬁr%}%5?% ngFPi BeEEt 25 11. The
appar at us of @iamyer, wherein the diverging section is a curved diverging

pi ece, further inclugingrg.periorate b ated t he diverging
section._12. The apparatus of%?:%a%%n 1{3 %ﬁe@é‘%%ﬁtﬁ’e f@%‘k%l&/er ging section is

perforated t o HWRE FridTHBILo% akoFat @5 hagkew vilie ed bxgraidiarg. 13. The
appar atus of sdaiind, wherein the eeuudasok Nbetrbtdoduses anbient air to

a‘ first stageCOncmbearrp!t)ieﬁgr &%ieg second gas inlet introduces

9. The apparatus of claim 1, further
including a vacuum box located below the diverging

20 section, and a straight wall tube lbcated below the
diverging section, wherein the vacuum box surrounds the
straight wall tube.'

10. The apparatus of claim 6, wherein the
diverging section is a curved diverging piece.

25 ' 11. The apparatus of claim 1, whexein the
diverging section is a curved diverging piece, further
including a perforated tube located below the diverging
section. '

_ 12. The apparatus of claim 1, wherein the

30 diverging section iz perforated to allow a portioﬁ of
gas to exhaust while expanding.

13. The apparatus of claim 1, wherein the one
gas inlet introduces ambient air to a first stage |
chamber, and a second gas inlet introduces

35 superatmospheric gas to a second stage chamber.

14. A melt spinning process fbr spinning'-
continuous polymeric filaments, comprising:A

passing a heated polymeric melt in a
spinmeret to form filaments;
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35 super at no$PeEcc R§A5 to a second stage chanber. 14, A nelt spin%F%800010037

process for spinning continuous polyneric filanents, congrdsididbe ing a
"heated polyneric nmelt in a. inneret to f rngﬁilanents; 40 AMENDE EET
10- 04- 2001 DP6725 PCT B%qﬁ%§§ 37 9F §€p¥%ﬁb - 1ZHeRL S fdPd@n g2 gas to
the fil ament snfledmchagher Aoetteldatedion atat et ibelecowt Hey spifaregret in a
first stageg.p.providing a gas to the filaments froma gas inlet chanber
in a second stage; passing the filanments to a tube |ocated bel ow the gas
inl et chahbers,, whereProgaiddnoulge geemsol $ée dn lamendisi drowakl ghavi ng a

conver gi ng seghkencpbpblkoned By selQr@ diuglgi ng. section. 15. The process
-of claim14, wherein the filanments |eavethe tube and are taken up by a

take-up roll, wherei nPRRELIFS] [Fhes fddppentst te suttiee logasadobelaw | east
500 neters pehenbast ¢nléd thambbeeshr otessiaf sehal Mubd cwWabehRekhen
filaments and_the.gas s, through the converging, .secti o and further
wherein the g& eﬁ&%&|¥%§§e§afﬁnﬁh& cPFW&ﬁgﬁPgtFE&EFOHPr§83#8We§sb¥he

fil amentl coat dawertgdngceekbtid@d.17. The process of- cl aim 14, wherein

pressurized gas is bhaun bgaLdlopeldl 8.2 AQNG WCT §ulhe s f (hament s begin to
e urtner

cool in the first-stage gas i chanber, "an Wherei n pressuri zed
gas i s bl ownfilangrary lepgm the Subenandt age §a¥ennlst byamdteke-25 second

stage gas cogBimesywelBihhenki el 1553989980 Br kheuceAwer ghagasegtion to
assist with fllinent coollng. 18. The process of claim18, wherein the
conmbi ned fir8F afifS5ecBRI™MELEGE §5E WeFBEPty irncreases in the fil ament

travel di¥ection in-te cTheepgiongs30ofeelndm an] wWaerigdeeheases as the gas
roves L1 0U0B.S e B4 PR OBEL) B B HIERPLERCRBILERLI 14 ur LT
clai m 14, fufehbion, and further wherein the gas accelerates in the
filament travel direction as the filaments continue to
cool. 7
20 17. The procesgs of claim 14, wherein
pressurized gas is blown inwardly into a zone where the
filaments begin to cool in‘the first-stage gas inlet
chamber, and further wherein pressurized gas is blown
inwardly from the second stage gas inlet, and the
25 second stage gas combines with the first stage gas in
the converging section to assist with filament cooiing.
18. The process of claim 18, wherein the
combined first and second stage gas velocity increases
in the filament travel direction in the converging
30 section and then decreases as the gas moves through the
diverging section.
19. The process of claim 14, further
comprising applying a level of vacuum to the filaments.
20. The process of e¢laim 14, further
35 comprising opening the first stage chamber to
atmosphere, supplying superatmospheric air to the
second stage gas inlet, pulling atmospheric gas from
the first stage chamber, removing a portion of the air
from the first and second stage chambers, and
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35 conpri si ndDPo‘spF’é%ﬁ n%czg he first stage chanber to atnosphere, suppl >'7{Sn800010037

super atnospheric air to-the second stage gas inlet, pul Iﬁer@ep@é,qgérpng c

"gas from the {df$i,;S8 £h j partion . of the air fromthe
first and second stuageﬁ?%ﬁgarrbggs),eitan}léd b %MA%EN%%%W PCT US
000010037 16 R&pstErperincoF ounith dthade gamsintetat nospheric or

super at nospheric pressure in a fourth stage gas inlet. 42 AMENDED SHEET
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