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(54) Title: CONTINUOQUS POLYAMIDATION PROCESS

(57) Abstract

A process for producing a polyamide from dicarboxylic acid monomer and diamine monomer comprises the steps of: (a) mixing
molten dicatboxylic acid monomer and molten diamine monomer in equimolar amounts, thereby producing a molten reaction mixture; (b)
flowing the reaction mixture through at least one unvented reaction vessel, the residence time of the reaction mixture in the at least one
unvented reaction vessel being between about 0.01 minutes and about 30 minutes, thereby forming a first product stream that comprises
polyamide and water of polymerization; and (c) flowing the first product stream through at least one vented vessel, whereby water of
polymcnzauon is removed, thereby forming a second product stream that comprises polyamide. The process can operate continuously, and
there is no need to add water to the dicarboxylic acid, to the diamine, or to the reaction mixture,




acid nononmer and di am ne nononer. One enbodi ment of the process includes
the steps of: °~ WD 99/61511

PCT/ US99/ 11661 -2 - (a) mixing nolten dicarboxylic acid nmononmer and nolten
di am ne m)norrerw' ,&gﬁli nol ar anounts, thereby producing a nol peRyssdakd 0N
m xture; (b) fl'owng the reaction m xture through at |east one unvente
reaction vessel, the residence tine of the reaction mxture in the at |east
one unvented reaction vessel being between 5 about 0.01 m nutes and about
30 minutes, thereby fornming a first produet-streamthat conprises pol yani de
and water of polynerization; and (c) flowng the first product stream

t hrough at |east one vent eCONTINUQUSROLMAMIBAFIONPROCESS i zation is
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flowing the reackid ' ‘ Loty 6 SlocR8& i@ Frouessel
ThEB i fich O bl Wplecsn aiyianl g

at a pressure be e reSidence time of the reaction
mxture in tdieartakylicasikimomemersandritiamine cwooinend. Mose partidarhy thednvention relatesito

0.01 m nutes and out .30 m nute reb - farn '

stream t hat %%Fﬁ%g@°%fmy&¥3ﬁsﬁ£{%ﬁf’%s %)r%l)% |"'t'rrg1 ﬁgh %gm?ﬂfe%%%tg gﬂée&géi:génts.
second vessel , | peigimidesi@inneiprRintedby 4 tv-aép process inomsichiadieathoxlylicanidtand a
vessel, is not required, but may optiognal]y be used f%{ renmoval of. water
of pol ynerima}mf%fteéﬂ‘r‘t'ﬁ@'rt°lf%¥ andjfien Bf s hea e 2B ess
of the presqnt e*aﬂ%bﬁ[e‘aﬁﬁg a6id in@ R&laflethy nldibmiiR e Ve usRd t FfoR8TS10nT,6)OTHeS R dlert O

20 add water to arboxylic acrd, to the diamine, or to the reaction
m xt ure. 1No libeated by thel potiimezizision dsiwsllas ithe waseradded with the seActaats s rrentuaty be

by Dhe ot oot Soiinfheuls fof BinifRd by Eraforafiin 1 refrifts hj it ¥ eRElg e
as well as additional process equipment. Therefore, it would be useful to produce polyamides
without adding water to the reactants, in order to reduce the expense of removing water from the
product, and in order to eliminate the intermediate (salt) product, thereby simplifying the overall

15 process.

However, attempts to produce polyamides directly from the monomers without adding
water have encountered a number of problems. Regulating the amounts of the monomers fed to
the reaction is critical, because an excess of one or the other will adversely affect the molecular
weight and thus the physical properties of the product. It has proven to be quite difficult to.

20 provide the precise regulation of reactant amounts that is required. Other problems with such
direct polymerization processes include degradation of the monomers and/or the polymer
product as a result of (1) being kept at high temperatures for lengthy periods of time (e.g.,
several hours), (2) contact of the molten monomers with oxygen, and (3) exposure to trace metal
impurities in the materials from which the process equipment is made.

25 There is a long-standing need for improved processes for making polyamides directly
from monomers.

SUMMARY OF THE INVENTION

One aspect of the invention is a process for producing a polyamide from dicarboxylic

" acid monomer and diamine monomer. One embodiment of the process includes the steps of:



renovi ng oxygen fromdry dicarboxylic acid by alternately subjecting the
dry dicarboxylic acid in an oxygen renoval pressure vessel to a vatuum and
to inert gas pressure, 25 thereby producing solid dicarboxylic acid that
has reduced nnlé%%?%ﬁ5ﬁxygen content; and feeding the solid di ®ETHSMYI166
aci d having reduced nol ecul ar oxygen content to a nelter vessel which
contains a quantity of nolten dicarboxylic acid, whereby the solid

di carboxylic acid nelts and a continuous stream of nol ten dlcarboxyllc acid
i s produced. WD 99/ 61511 -2-
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pressure between 0-500 psig, the residence time of the reaction mixture in the at least one

unvented reaction vessel being between about 0.01 minutes and about 30 minutes, thereby
15 forming a first product stream that comprises polyamide. e
In this embodiment of the process, a second vessel, located downstream of the at least
one unvented reaction vessel, is not required, but may optionally be used, for removal of water
of polymerization, for further reaction, or for both purposes.
This process of the present invention can operate continuously, and there is no need to
20 add water to the dicarboxylic acid, to the diamine, or to the reaction mixture. No additional
dicarboxylic acid monomer or diamine monomer needs to be added after the mixing.
The molten dicarboxylic acid can be produced by the steps of:
removing oxygen from dry dicarboxylic acid by alternately subjecting the dry
dicarboxylic acid in an oxygen removal pressure vessel to a vacuum and to inert gas pressure,
25 thereby producing solid dicarboxylic acid that has reduced molecular oxygen content; and
feeding the solid dicarboxylic acid having reduced molecular oxygen content to a melter
vessel which contains a quantity of molten dicarboxylic acid, whereby the solid dicarboxylic

acid melts and a continuous stream of molten dicarboxylic acid is produced.



The at | east one vented reaction vessel generates an offgas streamthat
conprises water vapor and vaporized di am ne nononer, and the offgas is
contacted with nolten dicarboxylic acid 20 nononer in a recovery col um,
whereby at | east WQ946t1t on of the vaporized di am ne nononer reactasowiitiésit he
di carboxylic acid nmonomer to form polyamde. Aliquid effluent streamis
generated fromthe recovery columm that conprises polyam de and unreacted
nol ten di carboxylic acid nmononer, and the liquid effluent streamis
subsequently m xed with nolten di am ne non@wer. 25 One specific
enbodi mrent of the invention is a continuous process for nmaking nylon 6,6
from adi pic acid and hexanet hyl enedi am ne (HVD), conprising: renoving
oxygen fromdry a%@éo@id%%aﬂ)og?‘licadcfd%ﬂﬁé floVedt %tdxp]%ntrgﬁoaﬂ reSikelvesili Hhe
oxygen renoval pressure vessel to a vacuumand to Ihért gas pressure,
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one unvent ed 4 on vessel being,between aboyt 0.01 t ut. 5 m nutes,
thereby fornf {ﬁg&get B AR s 8PYS rF?g}é\‘?%‘gﬁsi?ﬂlséfg”ﬁﬁgé%‘}“?%‘%aﬁ?-%,d?ﬂgf 10
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vented reaction vessel, whereby the partially polynerized, reaction m xture
is furthep® pﬁs{;ﬁﬁei“?&o‘ff tlgﬁ,xggﬁgep Fgcture in the at least one univented reaction vessel is preferably

between about 0.01 minutes and about 30 minutes, more preferably between about 0.5-30

minutes, most preferably between about 1-5 minutes. The first product stream exiting the at
least one unvented reaction vessel typically contains less than 40% by weight unpolymerized
monomers, preferably less than 10% by weight unpolymerized monomers. The residence time
15 of the reaction mixture in the at least one vented reaction vessel is preferably from about 1
minute to about 60 minutes. _
In one embodiment of the invention, a reactive diamine recovery system can be used.
The at least one vented reaction vessel generates an offgas stream that comprises water vapor
and vaporized diamine monomer, and the offgas is contacted with molten dicarboxylic acid
20 monomerina recovery column, whereby at least a portion of the vaporized diamine monomer
reacts with the dicarboxylic acid monomer to form polyamide. A liquid effluent stream is
generated from the recovery column that comprises polyamide and unreacted molten
dicarboxylic acid monomer, and the liqﬁid effluent stream is subsequently mixed with molten
diamine monomer. |
25 One specific embodiment of the invention is a continuous process for making ny.lon 6,6
from adipic acid and hexamethylenediamine (HMD), comprising:
removing oxygen from dry adipic acid by alternately subjecting the dry acid in an oxygen
removal pressure vessel 10 a vacuum and to inert gas pressure, thereby producing solid adipic

acid that has reduced molecular oxygen content;



nylon 6,6, and wherein water of polynerization is renoved. In this specific
enbodi nent, the relative viscosity (RV) of the partially polynerized nylon
6,6 reaction mxture exiting the unvented reaction vessel is between about
0 and about 3, 1%WO%MIt he rel ative viscosity of the nylon 6, 6PeTiUsIvaest he
vented vessel is between about 3 and about 15. Relative viscosity as used
herein is the ratio of viscosity (in centipoises) at 25[err]C of 8.4% by
wei ght sol ution of polyamde in 90%formc acid (90% by weight formc acid
and 10% by wei ght water) to the viscosity {4n centipoises) at 25[err]C of -
90% form c acid al one. The pol yam dati on process of the present invention
can produce its end product without 20 the need to add water to the
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In this specific embodiment, the relative viscosity (RV) of the partially polymerized

nylon 6,6 reaction mixture exiting the unvented reaction vessel is between about 0 and__about 3,
15 and the relative viscosity of the nylon 6,6 exiting the vented vessel is between about 3 and about
15. Relative viscosity as used herein is the ratio of viscosity (in centipoises) at 25°C of 8.4% by
weight solution of polyamide in 90% formic acid (90% by weight formic acid and 10% by
weight water) to the viscosity (in centipoises) at 25°C of 90% formic acid alone.
The polyamidation process of the present invention can produce its end product without
20 the need to add water to the reactants, and without the intermediate step of forming a salt. In
addition, the process of the present invention can operate continuously and with much shorter
residence times for the molten reactants and molten polymer in the high temperature pbnions of
the process. This significantly reduces the water usage, waste water production, and energy
consumption of the process. This also eliminates the need for or reduces the required size of
25  some process equipment found in prior art processes, such as evaporators that have been used to
remove the added process water. Further, excessive thermal exposure of the reactants and

product is avoided.



production of clear nolten acid facilitates the production. of high quality
pol yam de. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1.is a process flow diagram for a pol yam dati on process of the present

i nvention. FigurWOP6t51h process flow diagramfor a reactive dieciusesiies
recovery systemthat can be used in a pol yam dation process of the present

i nvention. 15 DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The
process of ‘the present invention can be used to produce a variety of

pol yam des fromdi acid and di anmi ne nononers3-The process is particularly
useful for producing nylon 6,6 from adi pic acid and hexanet hyl enedi am ne.
Figure 1 shows a process flow diagram for one enbodi nent of the process.
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Figure 1 is a process flow diagram for a polyamidation process of the present invention.

Figure 2 is a process flow diagram for a reactive diamine recovery system that can be

used in a polyamidation process of the present invention.

15 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The process of the present invention can be used to produce a varicty of polyamides from
diacid and diamine monomers. The process is particularly useful for producing nylon 6,6 from
adipic acid and hexamethylenediamine.

Figure 1 shows a process flow diagram for one embodiment of the process. Molten

20 hexamethylenediamine (HMD) is prdvided from a molten HMD storage tank 20. There are _
several suitable ways of providing the molten HMD. One is to locate the polyamidation process
equipment adjacent to a plant where HMD is produced, so that a molten HMD stream can be
piped directly to the tank 20. Another way would be to provide an aqueous HMD solution,
evaporate the water, and melt the HMD. _ |

25 Heat optionally can be applied in this tank 20, for example by means of a heat transfer
jacket around the tank 20. The temperature in this tank is preferably about 70°C. The molten
HMD is then pumped through an HMD metering system 22 which precisely controls the amount
of HMD fed to the downstream apparatus.



s 28. The frequency of cycling between vacuum and nitrogen pressure can be
adj usted to achieve the desired | evel of oxygen renoval. Preferabl'y the

bul k oxygen elim nator tank 26 conprises a pressure vessel having a bottom
portion formng YOHOBAt with a dininishing diameter towards iYSI/BUPAISE
The sides of the hopper portion of the bul k oxygen elim nator tank :
preferably forman angle with the 10 horizontal of at least 70 in order to
facilitate flow out of the bottomof the tgnk. The adipic acid crystals,

| argely free of nolecul ar oxygen, then flow (preferably by gravity, with a
pressure assist by the nitrogen pressure in the bul k oxygen elim nator
tank) fromthe bul k oxygen elimnator tank 26 to an adipic acid nelter
vessel 30. The neAdipic acub typicalipinthefoon abiry crystals, isswpplind froml ap adipiq acisistorage
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The residence ti nEn<adimipacidenystals largely fiee atmelesularoRygendhensflow guelsrablydy
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PCT/ US99/116 gnjeferably is a continuously stirred jacketed vessel that operates slightly pressurized ‘with

15 nitrogen at & temperature slightly above the adipic acid melt point (i.c., above 153°C). Adipic
acid crystals entering this vessel through its top are quickly melted at the surface of the molten
adipic acid therein. Thus the process can continuously melt adipic acid. Preferably the melter
vessel 30 has a reversed conical entry nozzle to reduce flow resistance. It is also preferred that
the melter vessel 30 be made of a metal alloy containing little or no impurities that would

20 adversely affect the molten monomer. Hastolloy C and 316 stainless steel are suitable materials.
' It may be useful to include additionai measures for further oxygen removal from this
melter vessel, to minimize the poicntial for thermal degradation. One way of doing this is to
supply vibrational energy to the molten adipic acid in the melter vessel 30, for example by
means of an ultrasonic device. The vibrational energy can facilitate the escape of entrained air

25 from the molten acid, causing air bubbles to rise to the surface of the molten acid.

The residence time of the molten adipic acid in the melter vessel 30 preferably is
minimized to reduce the thermal exposure of that reactant. Preferably the residence time is less

than three hours, more preferably between about 1-2 hours. The molten adipic acid exits the



-7- bottomof the nelter vessel 30 and is punped to a nolten adipic acid
nmetering system 32 which precisely controls the anmount of adipic acid fed
to the downstream apparatus. The conbi nati on of the bul k oxygen elim nator
tank 26 and t he V@P¥#8liacid el ter vessel 30 pernmits the conti rrexssomeissi ng
of adipic acid crystals without thermal degradation or 5 di scol orati on.
The nolten HVD stream 34 fromthe HVD netering system 22 and the nolten
adipic acid stream 36 fromthe adipic acid netering system 32 are
continuously contacted and conbined in stoithionetric amounts in a
Y-junction 38. The two nononers contact each other as they pass fromthe
Y-junction through the next segnent 40 of piping and into an unvented 10

m xer 42, Whpaidni 6F the MERIraRs¥l I hndMd pudpedité b nfolteh ¥@bic akid ety s5eMB2 which
enbodi ment of the process, the nolten adipic acid stream36 is at a

t enper at ur e BEcisghneantrolsghearpount gfpdipie acidded to the-faynstream ARPIRNSs at  about
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preferabl y bg‘f%‘gﬁ‘%‘bout 1- 30 seconds, nore preferably about 3 seconds. The
reaction mass | edamieifolicR@IMDsREard 34 BAMSEE HMID Snctdding 3y séth 22 aid (he moMeh @ilipitg
for exanple an_ additjional 10-60 seconds of reaction tjnme at 260[err] C and
150 psig. Al qidsisamiedrom deadipicacid metenngsystem 33,9 ﬁ?‘l‘lkﬁlﬁmt%)hc%&ég‘-&tae wi t hout
the inclusio : : | s sidfad '
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still fun%:ot i %&%?%E‘é‘r“ihﬁ. gﬁ’éﬁ?‘"@?‘?%ﬁ%&ﬁ{n ng such | ow concentrations of
wat er are ref err dd atppeféregdnibodiinene 65te ptogedsythe inolten 2dipic acid str&owB6 fsemat i on

of the HVD and adi pi c. aci curs. fromthe tinme they cqnt each, ot her at
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process can be selected to cause
with 24 elements. The walls of the Y-junction and the inline mixer 42 are preferably kept at

15 about 268°C. The residence time of the monomers in the mixer 42 is preferably between about
1-30 seconds, more preferably about 3 seconds. The reaction mass leaving the mixer 42 passes
into an unvented pipe, allowing for example an additional 10-60 seconds of reaction time at
260°C and 150 psig.

Although the process of the present invention can operate without the inclusion of water

20  in the reactants, it is not required that the reactants be entirely anhydrous. For example, the
HMD feed stream could contain as much as about 5% water by weight, and the adipic acid
stream could contain as much as about 2% water by weight, and the process should still finction
properly. Reactant streams having such low concentrations of water are referred to herein as
"‘essenﬁally dry.”

2 Some reaction of the HMD and adipic acid occurs from the time they contact each other
at the Y-junction 38 continuing through the time they enter the heat exchanger 44. The
temperature and residence time employed in this portion of the process can be selected to cause
complete polymerization by this point, or to prevent compete polymerization from occurring by

this point. In the lanter situation. the partial reaction product generated by the contacting of the



conpl ete polynerization by this point, or to prevent conpete polynerization
fromoccurring by this point. In the latter situation. the partial reaction
product generated by the contacting of the WD 99/ 61511

PCT/ US99/ 11661 MO8 is referred to herein as the "prepol ynBET/USIPES6L
prepol ymer nass in the pipe downstream of the mixer 42 will typically be
60- 90% converted to nylon 6,6. No pluggi ng should occur because the
conditions enployed prevent crystallization of |ow nelting internedi ates.

It is inportant to optinmum operation of th®-process that the piping 40 and
m xer s 42 be unvented, and that the pressure therein be relatively |ow,
for exanpl e between about 0-500 psig, nost preferably about 150 psig. In

t he enmbodi naidnofrerstiswRfepred eciteteirs RO “prepdly@ier.’® The picpelymernaisinthe pipext passes
through a heat exchangﬁr 44 and_. i nto a vented pre Iyner actor 46. It is
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i nstead be pLoMA g@cﬁrib\éads@ﬁﬁ%ﬁﬂ&:ﬂ&%%ﬁg{‘&eygﬁgi*événtjcpystam&{?br{'oftlbﬁ n'ié?ﬁrfgt or 46, or

by jacket around the reactor repol ynmer exiting the heat
exchanger 44ntgmeddiatesbltys mwm 1o bpsimurn operaticnefshe progsss that the pipingt4fand mixeace
of. the Iigui I I.n.  Fur o] |

react or 4% 4(ibg%h%ln{sea’parnt‘ai t Ip Vo Eg’ef%g%ﬁ%l n%lg '? ‘I%% rfgﬂaexﬁﬁﬁfgooﬁég»g%{x 890&$ he
react or bot tp@igsmsitlpfeﬁnbtlﬁalﬁmtlsn"pﬁgy can be spl it into a recycl e stream 50
and -a second strg_latggSZ t § routed for furtheé ﬁr oces recycle is

used, the recycl emiQ ’éﬁ‘ﬁP theprosarsshawp I Hgwe BWPBY“} ﬁ??pi%est §h
| arger than atﬂa@ze&émeammsﬂmw@%ﬁwarpeaﬁhm&ea%%twlstﬁwcﬁwﬂﬁfaﬂeﬁt The

reactor 46 is referablé operated about 50% full of liquid material in

order to pr &¥¢hanges be used bergahoy reduired beat payidingigadieanrowded b)cetemaﬂ h%ma cofid y
d bl h
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mol ten mate relxehapgea Adipeterablly griterh tetredctondé hiea pmutlmk)wme strface of tha hiiquidymaterial
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achi eved, g‘?“%xa & poZ){r{x $rieAtigR canogcyf in this Tgacior 43 @?5 lssﬂrftlg?aéﬁgicgﬂ Albud
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product str 95% and a second stream 52 that is routed for further processing. If recycle is used, the recycle

15 stream 50 flowrate is preferably at least 15 times larger than the flowrate of fresh prepolymer
feed to the reactor 46. The reactor 46 is preferably operated about 50% full of liquid material in
order to provide a large vapor/liquid disengagement surface.

It is highly desirable in this process to provide backmixing of polymer endgroups, high
surface area interface generation which facilitates devolitilization of the molten material, and

20  high heat transfer rates which can rapidly increase the temperature of the melted material. These
advantages can be achieved, for example, either by use of a continuously stirred tank reactor, or
by use of a plug flow reactor together with recycle of the product stream.

The overhead stream 54 from the reactor 46 is vapor inéluding steam (i.e., vaporized
water produced by the polycondensation reaction) and typically some HMD. The overhead 54 -

25 passes into an HMD recovery column 56, inte which is also fed water 58. Condenéate stream
60, containing some HMD and water, is recycled to the reactor 46, while the remaining vapor is
cooled by a heat exchanger 62 and removed as part of an offgas stream 64.

In one embodiment of the process, the prepolymer is heated to about 260°C in the heat
exchanger 44, and the reactor 46 operates at about 260°C and 150 psig. As an example of



The overhead stream 54 fromthe reactor 46 is vapor including steam (i.e
vapori zed water produced by the pol ycondensation reaction) and typically
some HWVD. The overhead 54 25 passes into an HVD recovery colum 56, into
which is also f P& 58. Condensate stream 60, containi ng SRERUSMMDIGEHd
water, is recycled to the reactor 46, while the remaining vapor is cool ed
by a heat exchanger 62 and renoved as part of an offgas stream 64. In one
enbodi ment of the process, the prepolyner is heated to about 260[err]C in
the heat exchanger 44. and the reactor 46 %perates at about 260[err]C and
150 psig. As an exanpl e of WO 99/ 61511

PCT/ US99/ 11661 -9- suitable relative flowates, if the fresh prepolyner is
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pol ymarlzatlon thereftore t ecu ar weight ‘and relative viscosity
(RV) of themﬂéqngesysterm321 not be as high as is desired for the final
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reactor 70. offie podefahieeiént ofithe §aGI§'ﬁ1&ﬂza'tﬁﬁ,(m& theréfore thet molpeﬂm weighi apdhrelative

pol yneri zation and_thus to jncregse the
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react or shouhdoIAME Jolineri2ad metEridlRhieHe Padsed through a flasher 68 to supply additional heat,
and then into a second reactor 70. The purpose of the second reactor 70 is to permit further

15 polymerization and thus to increase the molecular weight and RV of the product. The polymer
- product in the bottoms stream 72 from the second reactor should have the desired molecular
weight for the end product.
Preferably the temperature in the second reactor 70 is between about 260 and about 280
°C, and the pressure is atmospheric.

20 " HMD vapor and steam generated in the second reactor 70 are removed in an overhead
stream 74 which enters a scrubber 76. A water stream 78 is also fed to this scrubber, so that the
steam will be condensed and can be removed as a sewer water stream 80. Remaining vapor
leaves the scrubber 76 in an overhead stream 82 and becomes part of the offgas stream 64.

The polymer product can either be sent through a pelletizer 84 or routed through a bypass

25 line 86. If it is run through the pelletizer, the polymer pellets are then passed into a dryer 88. A
nitrogen gas feed 90, a nitrogen blower 92, and a nitrogen heater 94 are used to supply nitrogen
gas to the vessel 88, which dries the polymer pellets. The dried pellets passing out the bottom of
the dryer 88 pass through a water spray cooler 96, a screener 98, and are moved by a blower 100

to a product storage area 102.



wei ght for the end product. Preferably the tenperature in the second
reactor 70 is between about 260 and about 280 [err]C, and the pressure is
at nospheri c. 20 wo o9r61511HVP vapor and steam generated in the second reactor
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stream 78 is also fed to this scrubber, so that the steamw || be condensed
and can be renoved as a sewer water stream 80. Renmi ning vapor |eaves the
scrubber 76 in an overhead stream 82 and Qgcomes part of the offgas stream
64. The pol ymer product can either be sent through a pelletizer 84 or
routed through a bypass 25 line 86. If it is run through the pelletizer,
the polyner pellets are then passed into a dryer 88. A nitrogen gas feed
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scrubber 210, where it is scrubbed by a water stream 212, resulﬁng in a final offgas stream 214
and a seﬁer water stream 216. The offgas stream 218 from the second reactor 70 can also be fed

15 to the scrubber 210. _

The use of a reactive HMD recovery column 204 as shown in Figure 2 can lower total
water usage in the process, by eliminating external water reflux to the reactor.

The polyamides produced by the process, such as nylon 6,6, have a number of well-
known uses, such as being formed into fibers for carpet.

» The preceding description of specific embodiments of the present invention is not
intended to be a complete list of every possible embodiment of the invention. Persons skilled in
this field will recognize that modifications can be made to the specific embodiments described
here that would be within the scope of the present invention. For example, although the detailed
embodiments described herein react adipic acid and hexamethylenediamine to produce nylon

25 6,6, other monomers known to those skilled in this field could be used to produce other

polyamides.



pressure to about 200 psig. O course nolten HVD stream 34 is also fed to
the m xer 42. The offgas fromthe top of the reactive HVD recovery colum
204 is then fed to a scrubber 210, where it is scrubbed by a water stream
212, resulting WOo%®/f15Ral of fgas stream 214 and a sewer wat er RATESIMIESE.
The offgas stream 218 fromthe second reactor 70 can also be fed 15 to the

scrubber 210. The use of a reactive HVD recovery col uim 204 as shown in
b

Figure 2 can lower total water usage in the process, by elimnating
external water reflux to the reactor. The-pbtyani des :p\rl\Hmm
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being formed into fibers for carpet. 20 The precedf ng® descmi psi ok of
specific enbogdampts of the present invention is not intended.to be a
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skilled in this fAdrecess far predusing & eolyrmidentsem rdicamoxglits gﬁ"%’@mﬁh&ﬁ dipmipg,
speci fic enbgdi t gﬁﬁribed here that would be within the scope of the
present i nvex(r?ll *Il%&’ ‘Sl‘f’gg) x§hp| e, although the detailed enbodi nents described
herein react adi pnixingciditandicdrboryiie kbid| nonedien aidhmolten diaminggroneyiedin eplmelag

ot her nononers known to those skilled.in this fiel ld be used to
produce otther pol yam JEOULS, thegphXprp L ek rbdcBbs mbRltk:

PCT/ US99/ 11661 - lfiowifi MelYouctidn mixturd thioQglededsOoneninveiied seactian vedsylathedesidencen
di carboxylic acid nononer and di am ne nononer, conprising: .m xi.ng rmlltgn

di carboxyl i ¢ aci d nond#es ofihg reRsTiem midmEeninfBe AbIFBTHRANS UAVAIRG, fReANGH Vessel being
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m-xture through at | east one unvented reaction vessel, the residence tine

of the reaction nixt ursgeim thaheomprisesdyanydeandrvateriof olymerézation; agdssel bei ng
10 flowing the first product stream through at least one vented vessel, whereby water of

polymerization is removed, thereby forming a second product stream that
comprises polyamide.
2. The process of claim 1, wherein the first product stream further comprises unpolymerized
dicarboxylic acid monomer and diamine monomer, and wherein further polymerization occurs in

15 the at least one vented vessel.

3. The process of claim 1, wherein the molten dicarboxylic acid and the molten diamine are
essentially dry. _
4. The process of claim 1, wherein no additional dicarboxylic acid monomer or diamine

monomer are added after the mixing of the molten dicarboxylic acid and the molten diamine.

20 5. The process of claim 1, wherein the temperature of the reaction mixture in the at least
one unvented reaction vessel is between about 220 and about 300°C.
6. The process of claim 1, wherein the' pressure in the at least one unvented reaction vessel
is between about 0-500 psig. |
7. The process of claim 6, wherein the pressure in the at least one unvented reaction vessel

25 is between about 50-250 psig.

8. The process of claim 6, wherein the pressure in the at least one unvented reaction vessel
is between about 120-180 psig. ‘
9. The process of claim 1, wherein the residence time of the first product stream in the at

least one vented vessel is between about 1 minute and about 60 minutes.



bet ween about 0.01 m nutes and about 30 mi nutes, thereby formng a first
pr oduct streamthat conpri ses pol yani de and water of polynerization; and 10
flow ng the f|r B, ?}gct stream t hrough at | east one vented vessel,
wher eby wat er o 6 ﬂ% rization is renoved, thereby formng aPE'EfH@HGI“I
product streamthat conprises polyam de. 2. The proces
wherein the first product streamfurther conprises qnp
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process of claim1, wherein the molten dicarboxylic acid and thé ndlten
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m xi ng of tp%nqlte ca}r(g tllc acld and the nolten diam ne. 20 5.
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the at | easl].0neTHeNprotdse df reimt 1,0Whereiashe dicarbbeflivesid aivavier?BR0adipicl adidp die
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PCT/ US99/ 11661 -12- 10. rocess of claim1l1, wherein a portion of the
second product st r eafaleculag V&é‘)’%m?‘ﬂ“oqn
10 feeding the solid dicarboxylic acid having reduced molecular oxygen content to a melter

vessel which contains a quantity of molten dicarBoxylic acid, whereby the solid
dicarboxylic acid melts and a continuous stream of molten dicarboxylic acid is
produced. .
13.  The process of claim 12, wherein the solid dicarboxylic acid is moved frorq.;the oxygen
15 removal pressure vessel to the melter vessel by gravity. L
14.  The process of claim 12, wherein the solid dicarboxylic acid is moved from the oxygen
removal pressure .vessel to the melter vessel by a combination of gravity and inert gas pressure in
the oxygen removal pressure vessel. | _
15.  The process of claim 12, wherein the residence time of the dicarboxylic acid monomer in
20 the melter vessel is less than three hours.
16.  The process of claim 1, wherein the at least one unvented reaction vessel comprises a
static inline mixer. |
17.  The process of claim 16, wherein the residence time of the reaction mixture in the static
inline mxxer is between about 1-30 seconds.
25 18, The process of claim 1, wherein the first product stream exiting the at least one unvented '
reaction vessel contains less than 40% by weight unpolymerized monomers.
19.  The process of claim 1, wherein the first product stream exiting the at least one unvented

reaction vessel contains less than 10% by weight unpolymerized monomers.



to the at.l east. one vented reaction vessel. 11. The process of claim1,
wherein the dicarboxylic acid nononer is adipic acid, the diam ne nononer

i s hexanet hyl enedi am ne, and the polyamde is nylon 6,6. s 12. The
process of clai WaBHrei n the nolten di carboxylic acid nmononwCTiusess11661
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flowing the reaction mixture through at least one unvented reaction vessel at a pressure

between 0-500 psig, the residence time of the reaction mixture in the at least one
unvented reaction vessel being between about 0.01 minutes and about 30 minutes,
15 thereby forming a first product stream that comprises polyamide.
22.  The process of claim 21, wherein the molten dicarboxylic acid and the molten diamine
are essentially dry. ,
23.  The process of claim 21, wherein no additional dicarboxylic acid monomer or diamine
monomer are added after the mixing of the molten dicarboxylic acid and the molten diamine.
20 24.  The process of claim 21, wherein the temperature of the reaction mixture in the at Jeast
one unvented reaction vessel is between about 220 and about 300°C.
25.  The process of claim 21, wherein the pressure in the at least one unvented reaction vessel
is between about 50-250 psig.
26.  The process of claim 25, wherein the pressure in the at least one unvented reaction vessel
25 is between about 120-180 psig.
27.  The process of claim 21, wherein the dicarboxylic acid monomer is adipic acid, the .
diamine monomer is hexamethylenediamine, and the polyamide is nylon 6,6.

28.  The process of claim 21. wherein the molten dicarboxylic acid monomer is produced by:
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- 13 - 20. The process of claim1, wherein the at |east one vented
reaction vessel VSRELaLes an of fgas streamthat conprises water_ vapor and
vapori zed di ani ne nononer, and wherein the offgas i s contact e SHYH¥MSFL en
di carboxylic acid nononmer in a recovery colum, wher . Fon
of the vaporized di am ne nmononer reacts with the dicarboxylic acid nononer
to 5 form pol yam de, and wherein a quu'ﬁl effluent%s’tﬂiﬂ!ﬂ ﬂ{ﬂﬂm
fromthe recovery columm that conprises pofyanm de and m
di carboxylic acid nononer, and wherein the liquid effluent streamis
subsequently m xed with nolten di am ne nononer. 21. A process for
produci ng a pol ymmosingfoxygendioondrp dicatboxylivcicill bymiternatelysubijediingsissentiatydyrer ,

conpri sing: .1 . 1.xi ng_mol ten _di_carboxyl i.c acid nonquer _an | ten

i i ne. mondiaborpic st ar SRRy g Sipeiie BSnonint e R s PR o,
m xture; anthekdbprodgcihg solidaticatboRylicbcid difitthas Fadackdiinslécul agygen venternymdt ed
reacti on vessel at_a ﬁ_rsesskur_e Eetvyeen 0-500 psig, the residence tinme of the
reaction ni xt ur efepding Hie sgiid digareexylin acid hvng sdupineleailar PX¥ESD COBEPtG ajRelifEen
about 0.0l m nutes angs@PeHich Ontlh'H lqGntity 8f molten dicarboxylicMeIdE Rertby tHe\Blid
first product streamthat conprises polyam de. 22. The process of claim
21, wherein the nol t eficafpoxulibacid imielss and d canidnuohs stragint efnmolitenndieasbegylic acid is
essentially dry. 23. ro&[llggd process of claim 21, wherein no additional

di carboxylic acid norfoner oOr di am ne nononer are added after the m xing of
t he nol t en  @9.car Baexptbéess af¢laima2B) whineinnthk selid dicarboxylic agid is thbved ffom ther aoges
of claim2l1, wherein the tenperature of the reaction mxture in the at

| east one ufRPSYRLRISYSWSVE ﬁ°n§’€ FT YessehbY §BX1W-about 220 and about

300[err] @ 30. THWross®6LASMOIS, Whereln e soli @it /bokylib AciR i€ MdVERrbA thdxydkn
| east one unvented reaction vessel is between about 50-250 E.SIrg. 26. The
ey B

process of E3BAVAl Pessugvesselte theimelter vessel bya pombinationiof prayity Jgmessyre in
reaction Ve%ﬁ%&ygcn removal pressure vessel.

31.  The process of claim 28, wherein the residence time of the dicarboxylic acid mohomer in
the melter vessel is less than three hours.. -

15 32,  The process of claim 21, wherein the at least one unvented reaction vessel comprises a

static inline mixer.
33.  The process of claim 32, wherein the residence time of the reaction mixture in the static
inline mixer is between about 1-30 seconds.

34. A process for continuous melting of a dicarboxylic acid, comprising:

20 removing oxygen from dry dicafboxylic acid by alternately subjecting the dry
dicarboxylic acid in an.oxygen removal pressure vessel to a vacuum and to inert
gas pressure, thereby producing solid dicarboxylic acid that has reduced
molecular oxygen contenﬁ and ,

feeding the solid dicarboxylic acid having reduced molecular oxygen content to a melter

25 vessel which contains a quantity of molten dicarboxylic acid, whereby the solid
dicarboxylic acid melts and a continuous stream of molten dicarboxylic acid is'
produced.

35. A continuous process for making nylon 6,6 from adipic acid and hexamethylehediaﬁline
| (HMD), comprising:



25 is befween about 120-180 psig. 27. The process of claim?2l, wherein
t he di carboxylic acid nononer is adipic acid, the diam ne nononer is
hexanet hyl enedi am ne, and the polyam de is nylon 6,6. 28. The process of
claim 21. wher eWP¥@51dpl t en di carboxylic acid nonomer is prodBCEYSINL1661
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-14- renoving oxygen fromdry dicarboxylic acid by alm
essentially dry dicarboxylic acid in an oxygen renoval Hmm to a
vacuum and to inert gas pressure, therebylproducing sol WMWfH”fCI d
t hat has reduced nol ecul ar oxygen content; and feedi hg the Soltidw % .

di carboxylic acid having reduced nol ecul ar oxygen content to a melter 5
vessel which conjeidhe@xfstTidnt dry AlipidciEy sltesribidlp Mibjidcing thedry AEInAlOXy B
solid dicarboxylic acird nelts and a continuous stream of nolten .

di carboxylic acid i s Jsmoval@essurgessel tqpFagugtansddo dnergag Prassuse, thirebycpraduding
solid dicarboxylic acjds,i bntiessure vessel to
the nelter vessel by g&ﬂ%\%ﬁﬁpgﬁx@%@gﬂeh@ﬂgﬁ%ﬁ}ééﬁ%‘ crfgl{’m 28, wherein
the solid di car bfeefihg theaolidl adipic arid delvihg cedutdiemoleyujaroxygernsantenptogsmelter vessel
vessel to the nelter vessel hy a conbination of. gravity and .inert S. .
pressure in the oxygeWPiFR qeRM sgﬁgmg?ypgtgma@lp%am&, eq’ﬁ'r ¢ &eld g&’&?l?ﬂdm

28, wherein the resi dgatsnta@BntHuohd Wrehth GR h{dR¥Y hdificacid s prodessdy in the
melter vessel is less than three hours. 15 32. The process of claim 21,

wherein the at | meking MDunvent ed reaction vessel conprises-a static inline
m xer. 33. Them%fif?ﬁ?ﬁ%ﬁeﬁmﬁc%m a3 m¥BS M &ﬂ%ﬁxﬁ&hﬂﬁﬂ&&t&, ihRel) crbiifig a
reaction mixture in the stattc rnl'ine mxer is between about 1-30 seconds.
34. A process for cemtionnoxteresrel ting of a di carboxylic acid, conprising:

10 flowing the reaction mixture through at least one unvented reaction vessel, the residence
time of the reaction mixture in the at least one unvented reaction vessel being
between about 0.01 to about 5 minutes, thereby forming a partially polymerized
nylon 6,6 reaction mixture; and

flowing the partially polymerized reaction mixture through at least one vented reaction

15 vessel, whereby the partially polymerized reaction mixture is further polymerized,
producing nylon 6,6, and wherein water of polymerization is removed.

36.  The process of claim 35, wherein the at least one vented reaction vessel generates an
offgas stream that comprises water vapor and vaporized HMD, and wherein the offgas is
contacted with molten adipic acid in a recovery column, whereby at least a portion of the

20 vaporized HMD reacts with the adipic acid to form nylon 6,6, and wherein a liquid effluent

stream is generated from the recovery column that comprises nylon 6,6 and unreacted molten

adipic acid, and wherein the liquid effluent stream is subsequently mixed with molten HMD.

37.  The process of claim 35, wherein the relative viscosity of the partially polymerized nylon

6,6 reaction mixture exiting the unvented reaction vessel is between about 0 and about 3, and the
25 relative-viscosity of the nylon 6,6 exiting the vented reaction vessel is between about 3 and about

15.
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subjecting the dry dicarboxylic acid in an oxygen renoval pressure vessel
to a vacuumand to inert gas pressure, thereby producing solid dicarboxylic
acid that has maslspgeeiinol ecul ar oxygen content; and feedi ng therwsdsriaést

di carboxylic acid having reduced nol ectd2ar oxygen content to a nelter 25
vessel which contains a quantity of nolten dicarboxylic acid, whereby the
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flowing the partially polynerized reaction m xture through at |east one
vented reaction 15 vessel , whereby the partially polynerized
reaction mxture is further polynerized, producing nylon 6,6, and wherein
wat er of pol ynghiog@fsion i s renoved. 36. The process of cl apMdseonydser €i n
the at |east one vented reaction vessell%enerates an of fgas streamthat
conpri ses water vapor an | erein the offgas ig
contacted with noltenddi pic acid in a recovery colum, whereby at |¢€
portion of the 20 vaporized HVD reacts with the adipic acid to form nyl
6,6, and wherein a lfiquid effluent streamis generated fromthe recovery
colum that conprisgs nylon 6,6 and unreacted nolten adipic acid, and
wherein the liquid gpffluent streamis subsequently m xed with nolten HVD.
37. The process o] claim35, wherein the relative-virsegsity &f the
partially polymerizgd nylon 6,6 reaction nmixtgre exiting]the u@vented
reacti on vessel is petween about 0 and about & and the Ps relgtive
viscosity of the nyfon 6,6 exiting the ve aCt ssel‘;Es bet ween
about 3 and about 1 ¥ Q8
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