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PCT/ US97/21941 METHOD FOR SCLI D PHASE POLYMERI ZATI ON
BACKGROUND OF THE I NVENTION 5 1. Field of the Invention:

The present invention relates to a method of increasing the relative
viscosity, yityegRkssd POl yam de polyner while in the solid $bfiuSorahbyie

specifically but not by way of limtation, the invention relates to an
i mproved nethod for solid 10 phase polynerization of polyam de pol yner
(e.g., nylon 6,6) wherein phosphorus cat al yst-contai ni ng pol yani de | ow

RV moi st pel | ets or MEPHQB FORSOLE} PHASEFOBYMERIZATION Poi nt
(typically below 30[err]C) drying gas such as to pronpte a rapid

increase in RV. 15 2. Descrlpt|on of Rel ated Art: In
conventional solid phase BACKGROUND NTRON exanpl e u s
Pat No. .3,821,171) wherein commer ci al gquantities of polyam de polyner are
treated vmth hi w.point (e.g., 10[err]C to 50[err]C) drying gas with or
wi t hout thd %ofd'ﬁeﬁ VERHPR] yst (such as phosphoric acid, phenyl

phosphi nic acid and %dlmmeﬂﬂmvehympﬁamphom@cﬂxbdgﬂ inerepsing tthe eclative 9. ,

b
Foquired i Jickity 80, 5#"9%5%%’9 olynfEs wiflc 13 the sl e Blort'shecifibdlly 2 0
desi red molbug nptby wey it uméam, Wﬂ@%ﬂq(’}l Telates toay mwrawdemsﬂwdégr

spun t qof orpmé p6lymekizatioitlof polyaimide pelyhieg (€5., nploase,6F whepeisl ph horus

vent ory. S coaiting pobantiEIE R ik P of yidile 48 ttr%ﬁiei w?tne% roh

products. Towsdew paipte(ynically thelew HER)tdrying gas such ps doupomoteai vapid a
different tgiesdedh Y. set point on the circulating gas in the SPP uni t
because the new product requires a different throughput or a different RV
relative to the old product. Water or steaminjected in the SPP unit acts
very 15 & dkseriptioniof RelatedhArtakes rore than one hour to adjust the RV at

Cyal 16 ol | GoTETS Yo e O Y e < on
t %e cool er qi[?ffﬂ!i% 3?&1‘3{‘&5] qungéémme gﬂﬁ%ﬁﬁ“& 8€8P 3‘3}13 T 8pp
vessel and tmatﬂdwuhhgldéﬂw poing éggada‘f(ﬂ d:mS@‘!C)adxymg gas with Qﬂmrthait thérasehi gh
ISEF)Vlt gvrr/p g; t héﬁa{}m 3(§uch er?sosghoﬁlc agxgé c? r tch at‘}(ghe yuse nO\I
an ul t 2q dr]VPS hﬁﬁé@ﬂemrwea ooé (‘Bplq‘i“%fﬁfkﬁ nation
with a hours or greater), are required to raise RV of incoming pellets and thus produce
product of desired molecular weight to be typically remelted in an extruder and
spun to form fiber. In addition to the higher investment and cost associated with
the SPP vessel, the long hold up time results in high inventory, which in turn
25 makes it difficult to transition to new products. This is especially true when the
new product requires a different temperature set point on the circulating gas in the
SPP unit because the new product requires a different throughput or a different RV
relative to the old product. Water or steam injected in the SPP unit acts very
slowly and it often takes more than one hour to adjust the RV at the spinneret.
30 Also, at high temperatures (typically above 140°C) cyclic oligomers evolve from
nylon 6,6 pellets and then recondense on the cooler surfaces, thus requiring
periodic overhaul of the SPP vessel and piping. Oxidative degradation is also
higher at the high SPP temperatures.

—o

35 | SUMMARY OF THE INVENTION

In view of the above problems it has been discovered that the use of
an ultra dry gas characterized by a dew point below 30°C in combination with a
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phosphorus contai ning SPP catal yst | eads to markedly increased solid state
pol ynmeri zation rates at significantly | ower reaction tenperatures. Faster
reacti on woogkssseti cs at | ower reaction tenperatures | ecRSIUITRIM oynent

of smaller SPP reactor vessel s, reduced reactor inventory/residence
times and/or greater through put. 5 _Jhis in turn results in |ower
equi pment costs, quicker transition and“less waste associated with

changes from one comrerci al grade of product to another, reduced
unwant ed siphespleaas iammime SPBr cdthlystnieads et mmfkeadlynglcm‘a{scttlsehdl stateand

ts. d
o7 ocoss 1 ofolperpation raiss of MBifciAy P§%*“*eab?“f e s @rgo"é’éréﬁﬂﬁgvfhe

steps of ; Kinetics at lowta)rcactwastgmﬁafaaﬁe PPreactrs i s
charact eri aggsely rfeduced reactor mvéﬁwmmsidenb@&ﬁnéshaﬂdlaﬂ [geeatd:Chrotigloymin t he

ool yror 5 LS IR omorepbfe . Pl Bl ooy apiqigr NGB PR RSERART OF

phos phor us -assneiated with changes;fsem one cammmel grade of praduebio anothengreduced

sufficient iQvahieet siddreastionk ﬁmrﬂphwfave@aﬁdramgnéff&wn&eeah&e&@e pol ymer
15 at a react "I?lushi"‘é[peregch%r act rized.

ot esponding o' ihe fERfbh BioVide! of skl rotedR ERlsptid o
cat al yst - cqrhiase polymepiaingpolyamide polymsr comprising the steppofit al yzed pol yner, of
gr eat ep gt han 1. ga) anﬂassm%an 6%)gen free gas,rwﬁeﬁsﬁma aP R m&&zea'b?rﬂer of

i ncr eased nol ecu] ar Bf@on
s a

o t
FUrthor pr ovi dedep P Ben A0IC.pishfi intostical spade Betiipen, pacge
cont i nuous conmsolid ghaserpotyamideipelymer, whereimtheipolymercontains ars effectivehase

ol yam de pol

Bol zmerl za![O [ o%m\?glsdé% bfh Bﬁgééﬁx%ﬂxs %Eta&s&%tg(iﬁhgeﬂﬂﬁﬁgﬁggﬁsal Fhe
oxygen f r sutfggaents ﬂawwﬁﬂpﬁmngm%mtm b seiipalyamids pelipersel and
E e ;mvedsf rom t hat h @gaction ratexhdrakterizbd by acarnilyst favgor; berrespopdingfto tikb e

a assing a [T . ed from
sai d vgssel '? hr 33%%8?5@&%{%&?&:&‘%&%@&%'Eofxfan ﬂg@é%%?ﬁ‘{‘a 0 val ue
of glymsa, egigthan 1.2; and (b) recycling the |ow
dew poi nt gby prOdUCQ@bdvanﬁgpol dé lyﬂnerbbhbmeﬂmolecularwelght the solid

phase pol ymeri zation

particul ate solid phﬁgﬁﬁ"%ﬁ% &(&)@%{]‘?{OX{&LES& %@&gﬁ ‘Ié{éﬁ%d to
radio ﬂpequmfrthqabnmmgcqss iacrontivugustoostmercial prasessyuhsrainy the particulate top of
ab50| Itd ]th’sﬁﬁd hw'ﬁtl yamideqidlymesslintroduced to the top of a solid bhades a Fr :jma[]y

obj ect o resen R r solid phase
pol yner i zath@ W § Sgﬁﬁgﬂgﬁp@d "F@ﬁﬁ&&m@‘i ‘r'e"r"?:% Fo‘?béﬁ'@ 8 hat

exhi bi ts siftgei gasphasd is intrpduoed do &rechntiom 0f<samév¢sssl angl igmioved fiom the topt e of
pol ymer i zatdn@FuftK& cont ﬁgﬁy@mets@éﬁg@fat ures than conventionally enployed. It

S a0 e SO ©Beha e  faRidH S AL S RO 5"
said vessel through a desiccant such as to lower the dew point to a value of
-30°C or below; and .
(b)  recycling the low dew point gas produced in step (a) to the boitom of
the solid phase polymerization vessel.

30 In another related embodiment the particulate solid phase polyamide polymer is
further subjected to radio frequency drying prior to introducing the polymer to the
top of a solid phase polymerization vessel. -

It is a primary object of the present invention to provide a process
for solid phase polymerization of polyamide polymer resin at commercial scale

35 that exhibits significantly improved chemical kinetics relative to the rate of
polymerization even at lower temperatures than conventionally employed. H is an
associated object of the present invention to provide such a process that is
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particularly useful in the production of nodern terpol yam de and

mul ti pol yam de polyner intended for use in colored nylon fiber

manuf act urgo ogdsdss | | mrent of these obj ects and the preCRUSHE2tMY
fulfillment of related objects wll be apparent upon conpl ete reading
of the specification and attached clains. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS -3- Figure 1 illustrates one
speci fic enbodi nent of the present invention wherein drying gas from
the top of pirieuially usefid inthé pradacies of Riodeahteppolpanidieadia multipobintid® t o

s eve vl B BifdSoil Ty S
of the i nvebjectsrandithe giresence and fdliloiept of selatgd opjasts pill betappareat ypon ect ed

to radio fgg &Wa&xgldm@speefﬁdaaon and afadhed cRgmkhe SPP reactor.
Figure 3 is a pI ot of "the 3rd order polymerization rate constant, K3, 15

as a fuhction of tenperature for catal yzed pol yam de pol ymer pel I ets when

usi ng hi gh and | BRIERDESGRIBTIONOEFHE DRAWINGS Figure 4
Is a plot of the 3r g{ucéef ?iﬁ% a
function of terrpereuc:,fa1 orHth{éFgPéggﬁﬁcéﬁbﬁ asﬁ’fl ei%ﬂégbé‘tm‘fef}gﬁ?de
pol ymer pemherein drang gas fom, the-top ® geﬁﬁﬁ‘ﬁ@ﬁ ¥ Pags fdgsiceath, 20

DESCRI PTI Cbbl@ﬁnTﬁﬁcﬁiﬁEBRBElb\EHmm\ﬂ'ﬁore being recycled to the bottdeofhe i d
phase Iygg % hgon process of the current invention conpri ses
heati n rus” cat al yst-contai ni ng pol yam de polyner pellets or, 2 5

the like in an oxygdfignieceiliystrates an gliermaty embadiment ofithe invcatiomwhegsincul ar
vei ght of the polyaideopolyiter pellefsasre ctibfectedutadridiv fregabndy fi3asE prior to

pol ymeri za phosphorus catal yst-contai ning pol yam des at
dew poi nt SE:{xtg@gé?‘LeeiPa Jac °r30[ err]C are significantly higher _than

rates for processes Flﬁﬁrea'-i i plotedithe 8rdh prdsr polymesization rate copstant, ¥ - f r ee
pol yamigle. ad b fufictidl bfichipeidtate foPicatalized ipdlyaifid® polynict pHles! whéi fising he 30
cat al yst. Thg?qu%g de(#/&p m1 5ﬁ S EQ?OVI des a driving force for diffusion of
noi sture P the surface of the polyam de pellets and
evaporation of that Flgure4\mepldtl<ﬂrﬂlc Bed ordet polymerization sata gonstentaki3, vi ty of
the catal ygd 4 fihctiof @M@ﬁﬁe@a@& for unSRhRLYBlas WEIHs' BatalyRed ma@t to

bel ow 30[err C has ct, on,the.fate,qf, solid
pol ymer i zaPPYHer 8 lletswthenusmgehlghaggiqyégg W ipoi qﬁy’ngigésf%rwﬁ -am de f or mi ng

noi etyﬁorefers to the
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The solid phase polymerization process of the current invention

comprises heating phosphorus catalyst-containing polyamide polymer pellets or

25 the like in an oxygen-free gas at low dew point to increase the molecular weight of

the polymer. It has been found that solid phase polymerization rates for

phosphorus catalyst-containing polyamides at dew points less than about 30°C are

significantly higher than rates for processes run at high dew point and/or using

catalyst-free polyamide. It is believed that moisture in the pellets deactivates the

30 catalyst. The low dew point gas provides a driving force for diffusion of moisture

from the interior to the surface of the polyamide pellets and evaporation of that

water from the surface, increasing the activity of the catalyst. In the absence of

catalyst, lowering the dew point to below 30°C has little effect on the rate of solid
phase polymerization.

35 As used herein, the term "amide-forming moiety” refers to the

radical of a diacid, diamine, or lactam. For example, the amide-forming moieties

of nylon 6,6 are ~CHN-CCH2)sNH-)- derived from the monomer hexamethylene
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di ami ne, HwWRyosmaebé- (OC(CH err])[err] CO derived fromthe REHUREZ1i pic
aci d. The term."am de unit" refers to units forned by two

am de-form ng noieties. For exanpl_g,_ the am de units of 2-nethyl
pent anmet hyl ene di am ne, MPND, are the recurring units formed by the

reaction of that diamne with an acid end-group, 5 such as those .of
di aci ds anodianine HMDjtasdt-¢O06-GGHEnE6 ) derived from thesmonemer adipic acid. 1 ef er

to pol yam dege (RRPhiig6 uftft” FefersQb uiilts Cortedi iRy QRS a:hﬁié'-!lfohhﬁfg Mbicties. UFbE S,

tﬂgspol yrre?aw n atth Iea%?mm{srﬂ%eflfft@‘éent a%ﬂﬁ rdf ﬂ W es aﬁh%a;t of

m xt ure of tebnn‘mgnmnm formed by mhu;rmugmof that dlpmmr- watht amgcniv\mdygmmpr e
di fferend pglopa ﬁs% ofTJEmH??m ié&tamswmé MR nteipommde'omisuéawe@% it s

used to descrlbe t t?ﬁﬁr Q/amdﬁ f or red fromo
di fferent affferdomolyAmigesnporaprised of fio qr erspt tpming armde(lams
"t er pol yam hgving atlesstthice différgatramicde- ibnmmgmmaiqs ﬂsqmt afithé polgnrner&hmde-

{gfm ng gg;;ié%qgt@&gmﬁﬁwc & ifhed By r ga ?%*?‘*e %?'ﬂae;?ne?mheﬁ@fers

m)reth

0 n
noi eti es. 1imgredients or b y €0~ el PElIPW 3!5&«!9!1% poby, ﬁf“é&??ol ypgiﬁ a8 i | |
be descyg bettdpelymher” fie., "copolyefmde") ) ioused to descaibe dke groupofiintetpudyamidgsrer s

xampl ¢ m'ﬁ#@h@%ﬁﬁ%&@@a 4fenide, £°fﬂ“‘**f ridificy, By iy "%581’§§°?er S to

a nmul ti pol yéuei.dSterpolyamide* 3 refersgin nodrasdes &ﬁwpaemamfmxr Herenti amiden t he
final multi | f th Savildpell 28fers € am ne,
MPNe, and Ifslﬂhx\lﬁg;‘xﬂbi ¢S Cmfe west Fraalfipdtyimirhy(i.ep ﬁp@pﬂ;mwz) ers

dor ived 1 RS R d%?émoﬁ%a%ﬂj%&égifﬁm%m BAEeREs oc) o” ang

95.5 15 wei ght per smap licitys spesific medmedeﬁE\ﬂnMQ’smhﬁdMeﬁth adi pi c

aci d. reEeph Bhe &:&&éﬁﬂ% the$ &s@nﬂ‘ﬂﬁ@%l perdeﬁf BPtHRE s | N
which 1.5 Wt%

Fr om NPAD 2l 8 el RANVREF, 1 Fainil, 3%%51@131\%33#/1&%"@# Fofpibacc

derived fr oamﬂim 5%6,6 refersitti pmultipalynmide in which 3 weight percent ofithe agideisef ul

| ncl ude. pol s B e e, Sy L, 2 eyt Peatddtaflett s
salts t é‘ta"“ Nﬁﬁ@&%ﬁ?éﬁé ‘?rg( 3 eightpeTecp ﬂff%@f“d&f“‘% $ act ans
or am noaCI dmvealrﬂomdie;cmmﬂgiemﬂ:auhnarfél\m eqndrSemlﬁq:sc:pMmhmxd;fandrgs 5

omega- am Noydidnt | herodiit OF m&rﬁgm&é il &Y 8&ivtadse qnwd gfc BEgsence

of water. al ne tion
of a si ngl eTerpolyraeraky teMENMD, ?g#@f/grgcﬁeg‘?fﬁ@ aterpp 86 al ned
by condensapf @he Gimide units in the final terpolyamide are derived from MPMD and

25 isophthalic acid and 98.5 wt% of the amide units are derived from HMD and
adipic acid.

Polyamides useful in the process of the current invention are well
known in the art and include polyamides obtained by condensation of diacids and
diamines or salts thereof, polyamides which are the condensation product of

30 lactams or aminoacids, and polyamides which are prepared by reaction of an
omega-amino nitrile or mixture of a diamine and dinitrile in the presence of water.

Homopolyamides obtained from the condensation of a single
diamine and a single diacid and interpolyamides obtained by condensation of a
mixture of two or more diamines with one or more diacids or a mixture of two or

35 more diacids with one or more diamines can be used. Suitable monomers include
aliphatic, alicyclic, and aromatic diamines having 4-16 carbon atoms and aliphatic,
alicyclic, and aromatic dtcarboxyhc acids having 4-16 carbon atoms. Mixtures of



m xture of two or nore diamnes with one or nore diacids or a m xture of
two or 35 nore diacids with one or nore di am nes can be used. Suitable

nononer s i ncl ude al i phatic, alicyclic, and aronmatic di am nes havi ng
4-16 carbon atons and aliphati c, alicyclic, and aromatic dicarboxylic
aci ds havi s gkniésscar bon atons. M xtures of PEYUS28866
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nore pol yam des can al so be used. Prefgg;ed di aci ds include adipic acid,
sebacic acid, suberic acid, dodecanedioic acid, azelaic acid, terephthalic
acid, i sophthalic acid, and 5-sul foisophthalic acid. Preferred

di ami nes i reowatemore polyamides cay alsacdbedusedi Rreferredrdingids jnclude adipiei asid,
po 2Tt Y o e o, e AL aBG QDS Mo e aci,
ami nocar boi%ﬂig‘ e @ei ra?‘i:egg égﬁsiégﬁﬁﬁf‘:n °i‘;ct %{gpe&egl iamigss  includs
t her eof hexamethyléne diamineatetradietivilete diamind, pentametindene daniine, rand 2ar e

am nocarjbowéti1 ;?c@l'tﬂﬁcthl eﬁfmﬁiﬂf. correspondi ng | actanms havi ng 6-12 carbons
i ncl udi hg caprol‘acta Y aur.ol a

ctam enant hpl act am ]
omega- anm noundecanoi ogtqpe,lyagnéesan%om@am‘fes 11“““%FEi by reaction of
Pr ?f err edI Paliyocarbesylier &cido oy (the xamespondimgelaatinsaor cih];et):rpolydn_ddpsﬁ titereof )
ol ycapr ol ag ; r s than
oont " °! Y Blaphe i diaBl it aRoTN D St 18 nbiRLBHARE atR]
especi al | y afs&reu| corgspamsling; oﬁaPBmSpﬁ@g@gpérlﬁmaarb@tﬁ dncludingi gaprolastapni des,

i ncludhBY  159BRcKM] drdftholactam, bmeRRhyiRibul8scanoid 45id, AndPhmATHddascanbicch
generally soljd phase polynmerize wth sl ower kinetics than the

correspondiaﬁ *honopol yners. The pol yam des can optionally include

additives such as pl Beefewed pelyamitdesase poluthexampthylengtadipamide), nylon 6,6,
an% i 0>2<i gantp‘élycﬁﬁi@dlﬁdtﬂh,i fi l%ﬁ%}talﬁd in dli?ﬁnideg&xe?éommﬁhd i h)leé%rlg&{tﬂ abbutt he
art. (0] al can Prepar usil a or
cont i auous 15¥1 gemonomers TP bR ine %gﬁgﬁmﬁfn‘i%%%ﬂwaﬁﬂs%h
proces3si s salid wphasagpolymssization | rof interpolpamnides,t inchiding omepalyamises
aqueous  salbrpRlailey anPhilteptAyafides WiBcH BerRYARP S phase pol¥fﬁ zélithr ed
addi tives, clmngft thglgh sphor us C@i:[nal KSt re con ﬁnl eq | v. added
oi mul t aneodlqWe Kintles dhat e omespgrding, Bamtpelymery | Jhie polyapides ¢an, o
stage. 25 optibhaliyanélude \addisives suchads plasticipersa ddiustevants, cpignisatse [dyesjed

during the t : ; j ure i s heated
g aﬁﬁﬁgigrgn% ﬁﬂﬁmmragents, and the like as gerld28lly RAGWA ‘ﬁ{‘tl{?dﬁ.

| . y
to the boil t ssure 1n an Lnert atnosphere to yepove
excess2Rater. A sl e pobamides can be prepatsd sy Datch of codtiuons methodic of
vol ati | e mknewnadnshes arth A typieal axempld efebatehipracess fsantwo stage prochssndna

0 xt ur o NS Bk stol, b §F pidre Mdudcbs St WEhufichs BRY AEbked 3k chforhBECT 1 1 5
orocess. | (Thesdesired additives.inghiding thedphospharus, catahyst Are cREvementhy addeds g
are needed simultieotislipawithr tibusalt nsvjutions or sequentially during the first stage.

25  Alternatively, some or all of the additives can be charged during the second stage.

The reaction mixture is heated to the boil under slight pressure in an
inert atmosphere to remove excess water. A slight pressure is desirable to
minimize the loss of volatile materials such as hexamethylenediamine. Upon'
reaching a concentration in the range of 10 to 30 weight percent water, the reaction

30 mixture is transferred to an autoclave for the second stage of the process. It is at
this point that some or all of the additives that are needed in the final product may
alternatively be added. The reaction mixture is maintained under an oxygen-free
atmosphere to avoid undesirable side reactions such as oxidative degradation, The
reaction mixture is heated to a temperature between 175 and 200°C, while

35 increasing pressure to about 300 psia to minimize loss of volatile organic

' compounds. The temperature is then increased to 250 to 275°C and the pressure
released at a slow rate to bleed off steam and to drive the condensation reaction




alternatively be added. The reaction m xture is maintai ned under an
oxygen-free at nosphere to avoi d undesirabl e side reactions such as

oxi dative degradation. The reaction mxture is heated to a tenperature
between 175 and 200[err]C, while 35 increasing pressure to about 300 psia
to mni mzedwesesef vol atile organic conpounds. The PEXPHTAIMLe S
then increased to 250 to 275[err]C and the pressure rel eased at a slow
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t owar ds poltywardszolymerization cWiile maintaimigg appmmatelye!hy shine temperature,

t emper at ur Cil t I ressure
for a suff ﬁ%? ée%cnf’hnﬁn{t&% is' g r;rg Hﬁfcbﬁs esi é{-e%stur ?I&?ﬂ(fsih&nbegctlsl on.

The pol yam@éﬂlnéhqmeéﬁméﬁﬂwr@mt%% e polyamide I%ﬂ‘ Fnﬁ‘ﬁarrpl e

I ndt hﬁ f or rreqdtion wdsselfor amhplelﬁnrﬂm forpebf atstrandpatd cht nn@@vsﬂetkl Qviast si zes
and shapes D,

vent | gn. SoveBigtal figt %dﬁhéps ) Wﬂ =§s°%rf=‘*?ﬁa¢# f%*”ﬁe e B

di nensi ons inventionf peligtsdn the s pm of sighp czl%adezs aving dimensions
an\/fnbegtz s de@ &&ﬂﬁ3 17gayt9mex 90 nnl%mzls ®s2.3 rﬁé%n?r&u&&t Btfaem{yhﬂieanh t
abou RQ za n throughou
the pel | et STigiigeh, djmens F%P°§%’ té thag, Q‘é"é‘tl‘gi% Gel 12, 300 34 oS 1o g
be appr eci amiformhpelymerization ghreughout the \nshie fdeI'BENﬁVBB smallerspasicle sizes
recovepgd 'tﬁa)%é‘ fSed? A sGY kl?élﬂd ber Pgrehﬁ?éd that ih%tsﬁhé pol b&ﬁfﬂe can be

afd p
partlculatefor re anen roved so ri atlon
P oceas  Shappd il FesOEmE 1 ather articbiate” fofms thad felfets® ﬂ%@ 8l
pol yani de rpartéculste fums dre anfenablg to cﬂm/mprev&d suﬁdqﬂubapolymenzmmgpmceéshe

starting p mézrh.% | y has a nunber average nol ecul ar wei ght

bet ween anggt ) %8 hﬁ% gg‘pogoo Starti r;gﬁnnol ecul ar wehghts of from 10, 000
to 18, 000 are ddestartis Polyamide Bvepignt ;jaol
dependihBg Ofeigie The startitgcolytmide preferably has a number aSei'agd moélafitar welght

pol YITr T 22 00 R4 BhN o 5500 Y12 &dcs'éaaﬁsg ;paghhsrt Cgﬁpg,f?&omliwdmuon ar e

oxygen-contai nin
Cur at ol o et18(400, af@d OSHVQNG‘BB H!XG preagiin s1ey he wedg depandingnemihe aci d;
al kyl and agnduseubstituted phosphonl C aC| ds; hypophosphorous aci d; aI kyl,

| and | kyl / d
Wl a5 the alkyl ) abpd st Yolipéraden DBV SuBE Tor BRI IGE Wiy O o
salts 2Ad anmﬂomrapxygms@nm@m P!"DSP qm%eommmgnqiu@wmsweémhqdu ni ng
aci ds. ExafiR'G&aﬁﬁloé‘dﬂ'dlatws 42568,738 sudhngs pHesphorous acxd phosphonic acid;

Mer D) Sl Bk A GE gk §¥ﬁ%¥ﬁ§' WAL B, o
or al kyl: alkyHanylesubstity mimsniumawds phosphopistagidsi emwpmaynhmucyh andte, and
phenyl phos pidnilRky E’:ﬁ?ﬂesteﬁr aie%lrmks C&hﬁio)iﬁkﬁ salts and '&ﬁhh’&ﬁm% AlkyPydlisCof )
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n=2 to 5, R and R' independently are H or alkyl; 2-aminoethylphosphonic acid,
potassium tolylphosphinate, and phenylphosphinic acid. Preferred catalysts
include 2-(2"-pyridyl) ethyl phosphonic acid, PEPA, and metal hypophosphite salts
30 including sodium and manganous hypophosphite. It may be advantageous to add a
base such as an alkali metal bicarbonate with the catalyst to minimize thermal
degradation, as described in Buzinkai et al., U.S. Patent 5,116,919.
* Generally the catalyst is added in an amounts from about 0.5 up to
about 5 moles per million grams, mpmg, of polyamide (typically about 15.5 to 155
35 ppm based on polyamide). This range provides commercially useful rates of solid
' phase polymerization under the conditions of the current invention, while
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preferably -10 to -50°C. At dew points much lower than about -50°C, the cost of
25 drying increases substantially relative to the additional benefit achieved by further
lowering of the dew point. The feed gas can be dried to achieve the desired dew
point such as by passing the gas through an absorbent such as Linde molecular
sieves or through a desiccant such as phosphorus pentoxide or the like.
The catalyst-containing polyamide pellets are heated while
30 circulating the low dew point gas through the pellet bed for a period of time
sufficient to achieve the desired increase in molecular weight. Generally,
molecular weights after solid phase polymerization of 14,000 to 22,000 are useful
for fiber-forming applications. Solid phase polymerization temperatures between
120 and 200°C are generally useful, preferably 120 to 200°C, most preferably 140
35 to 170°C. At temperatures below about 120°C, the catalyst continues to provide
an increase in solid phase polymerization rate versus catalyst-free polymer under
low dew point conditions, however the residence time required at lower
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25 polymerization temperatures to be used at approximately the same residence time
compared to conventional processes. Residence times of about 0.5 to about 36
hours are useful with longer times required at lower temperatures. At temperatures
of 140-170°C, residence times of about 2 to 8 hours are preferred.
The solid-phase polymerization process of the current invention can
30 be carried out in continuous or batch mode. One specific embodiment of a
preferred continuous process is illustrated in Figure 1. As shown schematically at
the top of Figure 1, low molecular weight phosphorus catalyst-containing pelléts
are prepared using batch or continuous polymerization and pelletization processes
as generally known in the art and are fed continuously into the top of a gravity
35 conveyed, plug flow solid phase polymerization vessel assembly 10. The pellets
can be added to the assembly at room temperature or can be preheated (not
shown). A substantially oxygen-free gas such as nitrogen is fed info the bottom of
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corttrol the switching cycle of desiccant beds, typically every four hours. The
humidity of the gas is monitored by 2 dew point sensor 26. The temperature of the
gas is then raised by heater 28 to the desired temperature and recirculated back to
the solid phase polymerizer 10. The flow of the circulating gas is maintained
30 approximately constant by blower 22. The solid phase polymerized, high
molecular weight pellets can be withdrawn periodically from a sample port 30.
The pellets are generally withdrawn from the bottom of the vessel at the same rate
that pellets are fed into the top to maintain the pellet bed height in the vessel
constant. The solid phase polymerizer may be coupled to a pellet feeder 32, for
35 example a gravimetric feeder, fed into a melt extruder 34 and pumped to a
spinning machine or compounding facility indicated by 36 using a melt pump 38,
Colorants or other additives can be added in the extruder. Alternatively, the high




25 regenerated by heating above about 180[err]C. A m croprocessor can be
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electrodes in a continuous fashion or can be pulsed on and off or varied in voltage
and/or frequency.

An example of high frequency drying used in the current process is

30 shown in Figure 2, In this alternate embodiment again of a continuous process is

being illustrated wherein the desiccant bed dryer system 16 is identical to that

described for Figure 1 and as such the identical numeral are used where

appropriate. However, in the specific embodiment of Figure 2 the desiccant bed

dryer system 16 is coupled to a hopper 42 wherein circulating gas is used for

35 removing surface moisture from the pellets while moisture from the interior of the

pellets is brought to the surface by a radio frequency, RF, generator 44. If the

circulating gas contains oxygen, it is necessary that the pellets be maintained at




oxi dation. Preferably the dew point of the gas is maintained at -10 to
-40[err] C during RF drying. The frequency of the electric field
shoul d preferably be between 0.8 25 and 200 MHz, nore preferably between
10 and 100 WMHz, and nost preferably between 10 and 70 MHz. The high
frequency wadsaassecan be applied to the el ectr odes PEI/ESRIBHML nUuOUS
fashion or can be pul sed on and off or varied in voltage and/ or
frequency. . An exanplyg of high frequency drying used in
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25 Figure 3 illustrates the typically observed differences between the
third order rate constants, K3, for catalyzed pellets using conventional 50°C dew
point drying gas versus -40°C dew point gas at measured temperatures and as
extrapolated to lower temperatures. Clearly the logarithmic vertical axis and the
spacing between the plotted curves establish a significant kinetic rate of reaction
30 advantage associated with the simultaneous use of very low dew point gas in
combination with phosphorus-containing catalyst pellets. Figure 4 further
illustrates similar measured rate constants as a function of iemperature for
uncatalyzed pellets again with and without low dew point drying gas. Again a
synergistic effect of the upper curve supports the advantage of the simultaneous
35 use of both low dew point gas and phosphorus-containing catalyst. Clearly the
individual effects of low dew point and the presence of catalyst are minor
compared to the simultaneous effect of both.
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react or vva§’qn8?/\e g%t%asahﬂ‘é‘ﬁgﬁd ?Xn‘ﬂ”m% °‘b&'t gepyand r’lqu!é i F'o&}etehr ough
t he react orappespriate ratini & dumidigoprobe (Waisala Model 235 Humidity Probe) verified

25 that the dew point of the gas was accurate and constant. The reactor remained in
the sand bath for a set amount of time (2 to 5 hours). It required one hour for the
contents of the reactor to reach the temperature of the sand bath, therefore the
times reported in the Examples are the time at temperature after the one hour heat
up. When specified reaction times were ended, the water flow was stopped and

30 the gas exit line from the reactor was closed. The reactor was removed from the
sand bath and immersed in dry ice. During cooling the reactor was pressurized to
20 psig with nitrogen. The contents of the reactor cooled from 180°C to less than
135°C in 5 -minutes. The polymer was analyzed for amine and acid ends by the
methods described on pages 293 and 294 in volume 17 of the "Encyclopedia of

35 Industrial Chemical Analysis" published by John Wiley & Sons, Inc. in 1973. The
number average molecular weights, Mn, reported in the examples below were
calculated from the sum of the amine and acid ends. Third order rate constants
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6, 6 mBEPA)cda;ahyst, c&ﬂctﬂgteﬂ(l%secbml ﬂylﬁnﬂtmghuobﬁﬂwmulnp(ﬂymdr HHeA,
catal y$k.  multipolymers containing 1 mpmg and 2 mpmg catalyst had number average
molecular weights of 12,800 and 13,200, respectively.
The polymers were heated in the solid phase in nitrogen for two
hours at various dew points and temperatures. Results are given in Tables IA and
IB (see also Figure 4) for 1 mpmg PEPA and 2 mpmg PEPA, respectively. These
30 results demonstrate that the rate of solid phase polymerization of catalyst-
containing polymer at dew points of -40°C or less (Samples 1, 2, 3, 5, and 6) are
significantly higher than when the same polymer is solid phase polymerized at
50°C dew point (Samples B', E, I', K', and L'). The rate of solid phase
polymerization of catalyst-free polymer is relatively unaffected by dew point and
35 is significantly lower than the rate of solid phase polymerization of catalyst-
containing polymer at low dew points. Catalyst factors for dew points of -40°C or
lower range from 3.4 to 7.0 compared to catalyst factors at a dew point of 50°C of

-




Mul ti pol ynmer conprising 3% MPMDI /1.5% 6, 5-sul foi sophthalic acid
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by addi ng PEPA cat al yst during the polymerization. Miltipolyner
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dew points and terrper atures. Results are given in Tables I A and | B
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A N E 180y 50 13, 70D7600 0. 923 B.09 Y
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TABLEIB
Solid Phase Polymerization of 3% MPMD,1 /1.5% 6,5-sulfoisophthalic
acid /95.5% 6,6 Multipolymer With and Without 2 mpmg PEPA Catalyst

25 Sample Catalyst Temp N2 dewpt. Mn Rate Catalyst

(°C) 0 Constant  Factor

3 Y 160 dry 16,400 1.6 7.0
G N 160 dry 11,400 023

30 4 Y 160 29 13,800 0.48 2.0
H N 160 29 11,400 0.24
I Y 160 50 13,600 0.19 0.8
J N 160 50 11,800 0.25

5 5 Y 180 dry 21,900 5.8 6.4
A N 180 dry 13,700 0.91
K Y 180 50 15,100 0.94 12



15 2 Y 200 dry 25, 100 9.2 4.4
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17, 600 2.1 20 TABLE | B
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([err] O (O Const ant 3 Y 160
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11, 400 € 23 30N 4 180 o0 1684,600  00.76 13, 800 0. 48
2.0 H 160 29 11, 400 0. 24 B

Y 160 5 13, 6 0 8 ' N

160 506 9 1, st s g5os0Rg 15 ey dry
21, 900 5D8 N 6 4200 Ary N16,200 138.1 dry 13, 700
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- 15- Feo N 20 15050 5017600 121500 0.76 6
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Exanpl e 2 s examplg demonsiates éham@wca@@ict catalyst and low ¢

eLf eCtl@}‘ dewapolfit onrificieasing Ghe dste afcsodid pltas erpbl;enmmohl“l?r raahigonfs, gol i d
phase poly mer contai ning sodi um
hypophosph 5?@@% E)ﬂl.ranﬁnﬁ' ¥$(ﬁﬂm%y?mp hosp hﬁg Fmé

"6 hom)polyrrer was
prepared by p0| yn‘er| y}@ a66 homop()lynler was prepared y pOlymleng a

stoichiometric salt of hexamethylene diamine and adipic acid using methods
known in the art. The catalyst-free polymer had a number average molecular
15  weight, Mn, of 17,400, Catalyst-containing homopolymer was prepared by adding
0.2 mpmg (20 ppm) sodium hypophosphite catalyst and 2.6 mpmg (220 ppm)
sodium bicarbonate, calculated based on the final polymer weight, during the
polymerization reaction. The catalyst-containing polymer had a Mn of 16,200,
Individual polymer samples were heated in the solid phase in
20 . nitrogen at varying dew points for periods of 1 hr and 2 hrs. Results of solid
phasing at various temperatures are given in Table II. The impact of catalyst on
rate constant increases with increasing solid phase polymerization tempcrature, At
200°C under dry conditions, catalyst factors of 3.5-4.2 are obtained compared to
catalyst factors of 1.2-1.4 at the same temperature and a dew point of 50°C. This
25 compares with catalyst factors of 1.3 at a dew point of approximately -40°C and
0.8 at 50°C dew point for solid phase polymerization at 160°C. Catalyst factors of
less than 1 indicate that the rate of solid phase polymerization is higher for
catalyst-free polymer than catalyst-containing polymer.

30 TABLE I
Solid Phase Polymerization of Nylon 6,6 Homopolymer
With and Without 0.2 mpmg Sodium Hypophosphite Catalyst

Sample Catalyst Temp N2dewpt. Time Mn Rate Catalyst
35 (°C) (°C) (hrs) Constant  Factor

7 Y 160 dry 4 19,100 0.76 1.3



stoichionetric salt of hexanethyl ene diam ne and adi pi ¢ acid using nethods
known in.the art. The catalyst-free polynmer had a nunber average nol ecul ar
15 weight, M, of 17,400. Catal yst-containing honopol yner was prepared by
addi ng 0.2 npny (20 ppm sodi um hypophosphite catal yst and 2.6 npng
(220 ppm) woesnsessi um bi carbonate, cal cul ated based on t RCEVHRIMb| yner
wei ght, during the pol yneri zation reaction. The catal yst-contai ni ng
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constant ingyeases, W th i;Rareasi sol i d ghase ner i i on terggerature.
At ZO%H‘]C nder ?6 COﬂdlggl ons, catal ygapgct orégéf 3.5-472 are
obt ai ned co@paredN o 6Bat al yS0 factord of 19,200 4 ab.66he sane
tenperature and a dew poi nt of 50[err]C This 25 conpares with catal yst
factors of .3 at dew nt of ,approxi ngtely err] and 0.8 at
50[ err]®T poi nt for sgﬁd pha pol yme |zat?9!aaét 16 ‘[err] C. %:gtal yst
factors of P | ds thad8® indi dawe that It he 18§8800of sbdisi d phase

pol yneri zatq)n I s yhi gher 1RQr socat al ysy-freggpppyner jighan 95
catal yst-cop poly TABLE

ai ni
I ?‘? Sol i Eﬁbhase =Y yIer i zdti onlgﬁoRlyl on2€9 6 Homopol yner
Wth and W9hout & 2 npngd88odi umdi'ypophosahl t e20206I1 yst 2.9 Sagd e

Catal y N2, dew pt Ti me tal yst 3 5

([err] gpr] %I (hlrms) dry Conézt ant Ii?bgact orCil I 7 Y
160 dTy 4 18§ 100 50 0.76 2 960 1.6 wWb198/ 23666
PCT/ US97/ 21gp1 N 180 50 2 19,300 1%6- .M N
160 dry 4 19, 300 0.59 N Y 160 50
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Example 3

This example demonstrates the synergistic effect of catalyst and low
25 dew point on increasing the rate of solid phase polymerization for a nylon 6,6
homopolymer using 2(2"-pyridyl) ethyl phosphonic acid (PEPA) catalyst.

The catalyst-free nylon 6,6 homopolymer prepared in Example 2
having a number average molecular weight, Mn, of 17,400 was used in this
example, Catalyst-containing nylon 6,6 homopolymer was prepared by adding 1

30 mpmg (187 ppm) PEPA catalyst, based on the final weight of the polymer, during
the polymerization. The catalyst-containing homopolymer had a Mn of 14,000.

Individual polymer samples were heated in the solid phase in
nitrogen at varying dew points for varying temperatures. The results are
summarized in Table IIl. The catalyst factors for solid phase polymerization at a

35 dew point of -40°C or less range from 1.9 to 3.6 versus 0.9 to 1.1 at a dew point of
50°C.
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Example 4

This example demonstrates the effect of catalyst and low dew point
for nylon 6,6 homopolymer with potassium tolylphosphinate catalyst.

The catalyst-free homopolymer prepared in Example 2 and having a
number average molecular weight, Mn, of 17,400 was used in this example.
Catalyst-containing homopolymer was prepared by adding 5 mpmg (970 ppm)
potassium tolylphosphinate based on final polymer weight during polymerization.
The catalyst-containing homopolymer had a Mn of 13,300.

Individual polymer samples were heated in the solid phase at 180°C
in nitrogen at varying dew points for periods of 1 hr and 2 hrs. Results are given
in Table IV. The increase in rate with potassium tolylphosphinate <catalyst was
less than that obtained using other catalysts which were investigated. Catalyst
factors of 1.2 and 1.5 were obtained at a dew point of -40°C or less compared with
catalyst factors of 0.9 at 50°C dew point.
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Example 5

This example demonstrates the increase in solid phase

polymerization rate for a catalyst-containing nylon 6,6 terpolymer at low dew
20 point. '

Terpolymer comprising 1.5% MPMD ,1/98.5% 6,6 containing 0.26
mpmg (47 ppm), based on final polymer weight, manganese hypophosphite
(Occidental Chemical Corporation) was prepared by polymerizing the
corresponding diacid-diamine salts using known methods and adding the catalyst

25 during the polymerization. The catalyst-contaxmng terpolymer had a Mn of
14,000.

Individual catalyst-containing terpolymer samples were solid phase
polymerized at varying temperatures for 4 hrs at 46°C dew point and under dry
conditions. Catalyst-free samples were not run. Resuits are given in Table V and

30 illustrate the increase in rate constant under dry conditions versus at high dew
point for catalyst-containing terpolyamide. At temperatures of 180 and 200°C, the
rate under dry conditions is more than twice the rate at 46°C dew point.
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This exanple denonstrates the increase in solid phase

pol ynmeri zation rate for a catal yst-containing nylon 6,6 terpolyner at |ow
dew 2 0 point. TefE@B&ﬁéV conprising 1.5% MPMD , 1/98. 5%

6,6 contai ni ng $yfiPhase Polymidtizatidn BENI5Y% MBI DI98[5946, 6 DérpoRmerei ght

by palyneri 2ing the ContainineGg8 niEhk Manghictt SPpopRbBie, i) it

met hods and adding the catalyst 25 during the polynerization. The

catal yst-c g P r of 14a800.
@ﬁ@ca af] ialySt %ﬁ& m@cﬁrﬂm Mn Rafd

I ndi vi dual t ng te(eg I"ymer sanpl é solid phase

pol ynmeri zed at varying t dr at ur for 4 hrs at Wr]c dew poi nt and
under dry condi t i ons Cat al yst-free sanples were not run. Results are
given in Tatil-,e V a ustr the4 ease |d12gate constant under dry
conditions versus a h| ghyﬁi poi n cat a cont ai ni ng

t er pol yam d&CGat t erat s of 4830 an [err] rate under dry
conditihgns i1 noreYhan ti6@e thdryate m,sat'ﬁ[err] msmw poi nt.

WD 98/ 23666 yryp PCT/ US97/ 21941

- 19 - HH Y 160 46 16,400 TABLIQ'%/6 Sol i d Phase

Pol yneri zat i16h of I 5% MPBD 1 / 98rps59s 62648 pol yrie?
Cont ai ning Gr26 npng Mangag@se Hugophospd506 5 fenple Catal yst Tenp

N2 dew pt. I\/h Ra ([err]C) ([err]C

Constant 20 17Y F260 dy, 4L 14%00 0. 28

Y 15 14Q) 4&Y 200700 46 0.2ZA10 191.0 Y 160

dry 16, 800 0. 82 HH Y 160 46 16, 400
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Example 6

This example demonstrates the increase in solid phase

polymerization rate for a catalyst-containing nylon 6,6 terpolymer at low dew
20 point,

Terpolymer comprising 1.75% MPMD,I /98.25% 6,6 containing 0.2
mpmg (40 ppm), based on final polymer weight, manganese hypophosphite was
prepared by polymerizing the corresponding diacid-diamine salts in the presence
of the catalyst using known methods. The catalyst-containing terpolymer had a

25  Mn of 13,900. _

Individual catalyst-containing terpolymer samples were solid phase
polymerized at 200°C for 4 brs at a dew point of 50°C and under dry conditions.
Catalyst-free samples were not run. Results are given in Table VI. The rate under
dry conditions is approximately 3.5 times that at a dew point of 50°C.,

30
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Exanpl e 6 This exanple denonstrates the increase in
solid phaseossnsssspol ynerization rate for a catal yst - cont 2CHUsY29d1lon 6, 6
terpol yner at | ow dew 20 point. Ter pol ynmer conpri sing
1.75% MPMD, | / 98. 25% 6, 6 contai ning 0.2 npng (40 ppn), based on final
pol ymer wei ght, nmanganese hypophosphi ré%%as prepared by. pol yneri zi ng

t he correspondi ng diacid-diamne salts in the presence of the catal yst

usi ng known net hods. The cat al yst - cTABILIEWWBg terpol yner had a 25 M of

wei o sol i d phoSeli PhaseP@F!b%%?@H%*I?foX’@E?é‘Va?% TR of

50[ err] C and under dr yCenfaiming @2 mpmg ManganeseHypophesphitenpl es were not run.
Results are given in Table VI. The rate under dry conditions is

appr oxi mat gl . Lmes .Lhat a dew, poi nt, of 50C.. 30 ' WO
08/ 2366% §ax¥1pi3e Eaiallys 'I'emp t(*Ii.adevsr pt. "Mn Olgate PCT/ US97/ 21941

- 20- (°C) (°C) TABC®nstant Solid Phase
Pol ynmeri zation of 1.75% MPNMD, 1/98.25% 6,6 Ter pol ymer

Cont ai ni ng 0 2 rrpr’rg, mng%%se Hy&(;phos%giéo% 5 grenr)lr]ec)Cat al yst Tenp N2

dew pt. Rat e ([err] O
Const ant KK' 21Y 200 50 200 27,500y 42} 600 16 KK'
Y 0 200 50 27, 500 4.7 10

ExarrpIJe 7 This exanpl e denpnstrates the synergistic
effect of catalyst and |ow dewkExample n the rate of solid phase

pol yneri zation for ”Fﬁl@%xﬁnpwdﬁiﬁdnstratesﬂfe) stitdeffeud iof Ehlalyae Rh@ $ki t e

catal yst gﬁ u | S exarrpl e
was Al li ed&a{ppglﬁlt on ﬂ‘%z‘i?ff ﬁgf‘ﬂg’{ ?“é Fﬁlz §§ %{ﬁ gﬁ@flas R@P’Bﬁ‘?
18, 300. Catentgining sodium hypophosphite catalyst.

15 The catalyst-free nylon 6 used in this example was Allied Capron

8200 having a number average molecular weight, Mn of 18,300. Catalyst-
containing nylon 6 having a Mn .of 17,100 was prepared by the following
procedure. An evaporator was charged with 20 pounds of caprolactam, 10 pounds
of deionized water, 0.25 grams of sodium hypophosphite and 0.8 grams of Dow
20 Cormning B antifoam. The mixture was brought to a boil fo purge oxygen from the
system. At 100°C, 5 pounds of water was boiled off. The solution was flushed
into a stainless steel autoclave using 5 pounds of water. The mixture was agitated
at 15 rpm with a pressure controller set at 250 psig. The contents were heated to
240°C and then the pressure was reduced to atmospheric in 90 minutes while
- 25 increasing the temperature to 272°C. The batch was finished at one atmosphere
and 272°C for 30 minutes. The product was cast into water as a filament and cut
into pellets.
Individual samples of the polymer were heated at 180°C for 1 hour
at 50°C dew point and under dry conditions. Results are given in Table VII and
30 illustrate the increased effect of catalyst under dry conditions versus at 50°C dew
point,
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TABLE VI1 92 Y 180S0l i dgdghase j8ojaper i zagizpon of Mygon 6 Wth and
W t hout S(iglé.blal Hypopti ph| te Cat al yst

Sanmpl e Cat a’-’}’st TeNp N2 &ew pt‘.hy

([err]O (IMMIO Y 180 50 18200t ant 1.5 - 2211 Y

180 dry 19, 400 4.2 : N 180
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Exanpl e 8 Thi s ex@xpimplel@nonstrates the effect of

catal yst at |ow dew 'ﬁ@s'}g‘m&lﬁfe qmdonsﬁ-ﬂegﬁfsef?ec%f@ﬁﬁw{zm; éo&%

npny PEPA cat alg/st t o)
which is snhylenid,6hemopo I ConbiRing Os mpta BE Aoqataa Hhiatewas soli phase

E0| yme%s ZahbRndrizen ait A20°€Cs whu(:jh is si ﬁcantly lowe:Cﬂiailb| t‘ﬁc}jmﬁﬁﬁl; s’ﬂhﬂ: o

pglmiﬁgrym% %ﬁ%ﬁga “3‘?‘? 9{ e;ggmt hyI ene- b di an?mnlosm :agfipa}[lvgl ) 0

sol uti on and pol ynerCatalyst-aontaining. hamepojynerc ovasaiprepageds by atldings .81t i on.
mpmg, based on final weight of polymer, of PEPA catalyst to hexamethylene-
diammonium adipate solution and polymerization of the catalyst-containing salt

20 solution.

Catalyst-containing homopolymer pellets were solid phase
polymerized at 120°C in a gravity-fed solid phase polymerization vessel
substantially as shown in Figure 1. The pellets were fed into the top of the vessel
at a rate of such that the tofal residence time in the solid phase polymerization

25  vessel was 4.35 hours. Nitrogen gas was introduced into the bottom of the vessel
and circulated through the vessel at a superficial velocity (velocity of gas in the
absence of pellets) of approximately 1 ft/sec. The nitrogen removed from the top
of the vessel was recirculated to the vessel through a dual desiccant bed dryer
manufactured by Novatec. The dryer includes an internal micron filter, cooler,

30 blower, dew point sensor, and heater, as shown in Figure 1, as well as a
regeneration system with intake air filter, blower, and heater. The desiccant beds
contained molecular sieves of sodium aluminosilicate. A microprocessor
controlled the switching cycle of the desiccant beds, typically every four hours.

The dew point of the feed gas going into the solid phase polymerizer was

35 maintained at -40°C and was monitored with an aluminum oxide dew point sensor
calibrated between -80 to 0°C (Cosa Instrument Corporation). The temperature of
the dried gas retumming to the solid phase polymerizer was controiled at 120°C.



Cat al yst - cont ai ni ng honopol ynmer pellets were solid phase pol ymeri zed
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usl
20 point drying gas at lower operating temperatures tﬂagn previously employed in

conducting solid phase polymerization of polyamide polymer. This combination
results in lower investment costs and/or greater production capacity (i.e., lower
capital investment per unit production); shorter hold-up time and/or lower reactor
in production inventory (i.e., shorter residence times); and reduced evolution of
25 cyclic oligomers and oxidative degradation. In addition to the direct economic
advantage of each, the improved process of solid phase polymerization exhibits
economic advantages during transition between different product grades
sequentially produced in the same reactor in a commercial scale plant in that a
significantly reduce amount of "off-spec" material is manufactured during the
30 transition. The improved process is of particular value during the production of
modern terpolyamide and multipolyamide polymer intended for use in colored
nylon fiber manufacture.
Having thus described and exemplified the invention with a certain
degree of particularity, it should be appreciated that the following claims are not to
35 be so limited but are to be afforded a scope commensurate with the wording of
each element of the claim and equivalents thereof,
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a In addition to t-he direct
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limted but a al f orded a?vo m’rensgwfate V\nﬁhthe V(\Pbdlng of
each el enent of (‘i)he E?%%W B Slg@ﬁt £85 15 characterize
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b a Sol 1 phamoury o4 phose E@“%a@aﬁ@ A ipedpareand faraytie
solid phase pol waﬁo@tp@kqmn sahd phasetpolymernization of aaid powmridppabmer

pol yneri zat i on XPE?@qu &Qate e characterized b aca stfa(c@r m\égen free
gas, wherein said, g an t hrough the
interstitial spﬁ%t@ rsrareopoaatams ca st-confal yrswaéaﬂ Bani de

pol ynegsi n sai duacdti zedr polgmen| ofipredtercthamwd.2yandel by i nt roduci ng said

oxygen free gas as cﬁﬁ%p Hnﬂi@ xﬁ@g m)vi ng said
gas phase at th OpFeOPQSG.I vesse lﬂ’ﬁv%rgrel n saﬁét? ular\f\Lrggh ‘cont ai ns an

ef fective anount of a phosphorus-containing catal yst, at a
temperaturg,and for A ineilodofiClaini mhetein saiftpatticulae solidplbese polyayide i zat i on

f d b
catal yst T Bolgne s ducBRla B tof br & sORF fhaspol MBS Vbl DY B
the ragPo aemoved @ithe bptiam angdisimultancougly said-oxygen free gas phaseion pr oduci ng
sai d cat al afrodutel % e libtmt yhEdid Yesselaid feioved froni the tép ndfidtierr at e

constant of the, cor esipondgng reacti on produci ng uncatal yzed pol yner;
(c) dryi ng SQRPTS FEYES94i d gas phase renoved at the
(a)  passing at least a portion of said oxygen free gas phase removed

from said vessel through a desiccant such as to lower the dew pointto a

25 value of -30°C or below; and
(b) recycling the low dew point gas produced in step (a) to the bottom of
said solid phase polymerization vessel.

3. A method of Claim 1 further comprising the step of: subjecting said
3¢ particulate solid phase polyamide polymer to radio frequency drying prior to
introducing said polymer to the top of a solid phase polymerization vessel.

4. The method of claim 1, wherein the phosphorus-containing catalyst is
selected from the group consisting of 2(2'-pyrydyl) ethyl phosphonic acid, sodium
35 hypophosphlte, tolyl phosphinate and manganese hypophosphite.

Sheet Has Been Replaced’
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bottom of said solid | on vessel; and
(d) recovering pol yan{?mﬂ ﬁ ﬂ@ creased nol ecul ar 25 wei ght :
2. A nethod of d ai sprrsing the steps of:

(a) passing at least a portion of said oxygen free gas phase renmoved
from sai d We@ss#3ssshr ough a desiccant to | ower the dew poi RETUSI7RIA| ue

of -30[err]C or below, and 3 0 (b) recycling the | ow dew
point gas produced in step (a) to the 24 . bottom of said solid phase

pol ymeri zati on vessel.

-24 3. A nethod of Aaim1l further corrpr|5| ng t.he step
of : %ubj ect i n@'hsaimthqnhof(‘:lanm 4§ wherein the pohamige pylymctds sudéotedr to

of a soli tion . The
net hod of IE!ﬂ&P YI"ef “BWJE‘}S‘*&&"@S‘W&% ai ni ng catal yst is

sel ected fromthe group consisting of 2(2 pyrydyl) ethyl phosphonic

5 g hoq THEHARRDof Chaih 1, Wheftio BVl B St BT BRL BECcqRRRD PP T
fromthe FSeRRY aﬁ 988- of nyl on 6, 6, NPNDI/6 5-sul foi sophthalic

acid/ 6,6 nultipolynmer, MPMD,1/6,6 terpolyner, and nylon 6.
6. The nmethod of claim 1, wherein the circulating oxygen free gas

consi sts essentially of nitrogen.
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