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requires exces i ve 0 preven t fromsolidifying.
diamine and may incorporate a small amount, usually no

more than 10%, of a third kind of starting material
having a carboxylic acid functional group and an amino
functional group or a functional precursor to such a

20 compound. In the most common method of preparing
dimonomeric polyamides, the starting diacid and diamine
components are mixed in stoichiometric proportions into
a solution containing a large amount of water, typically
'up to as much weight as the combined weight of the

25 diacid and diamine components. This water is
subsequently removed by evaporation which requires a
correspondingly large amount of energy. The evaporation
of water is usually done at elevated pressure in order
to achieve a high enough boiling temperature to prevent

30 the formation of solids. After the evaporation, there
must be a pressure reduction step which requires
excessive heat to prevent the product from solidifying.
The heating is known to cause discoloration and.chemical

_ degradation of the product.

35 Attempts to produce dimonomeric. polyamides without
the use of water or other solvents have usually been
unsuccessful. If one component is a solid, it is
difficult to accurately proportion the solid component.
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amounts of diacid and diamine, whether combined or not,

15 are as much as possible stoichiometric. The major ‘
utility of the process is in the manufacture of nylon
66. '

One difficﬁlty that is encountered as a result of
the process in U.S. 4,131,712, where diamine or diamine

20 rich feed is added directly to a reactive polymerizing
mixture, is that there is substantial volatilization of
the diamine at the reaction temperature, especially
during the last step of the process where the -
proportions of diacid and diamine approach -

25 stoichiometric levels and the temperature is the
highest. Means are required to prevent the escape of
diamine and retain it in the reaction mixture in order
to avoid loss_of yvield and to maintain:stoichiometric
balance. : - : : _ :

30 U.S. Patents 4,433,146 and 4,438,257, teach the use
of a partial condenser to condense diamine out of vapor
leaving the reaction mixture so as to return the diamine
to the reaction mixture. However, the procedure, if
used on a commercial scale, with stepwise addition of

35 diamine, appears to require extended periods of time to
recycle the diamine. . o

U.S. Patent No. 5,155,184 discloses a process for
the control of product composition during the



]
the diamne at the reaction tenperature, especially during the |ast
step of the woosasm7where the proportions of diacid and di BET/HE95/14991
approach 25 stoichionmetric |evels and the tenperature is the hi ghest .

Means are requiregah@faceued! vicha petgneryl emplogingi neagntinfeared it in
the_reactlon m xture in order t.o avoi,d | oss of ¥'e|d d ; i ntain
stoichiometric  SPESEZRSEOPYfor detEF%?“ﬁaFgﬂPgsi,Zgg,iﬁg %ngng?%38,257,
teach the use pebcessacomputeesndemher discioadeaseedatedntoout of vapor

8, e R B e e atosmigesh

reaction mxture. " ) edur e, on a commerci al
scal e, with st®pwtheredai.ti on of 35 di am ne, appears to require extended

periods of time to recycl e th%ﬂﬂhﬁﬁ%ﬂﬁ&;ﬂﬂE_INYEﬂilﬁﬂ Pat ent No.
oS LB disel 0ses A B e aeit invention Providas,d SepeisgsuB protess
PCT/ US95/ 14991  g5r ¥RaUbepdratibndof0pylyamiaes), OpEnghaegtoupf hadedy
spect roscopy for etectln% conposi tion aag usi ng a onB' 95888 comput er
The discl osure re[Ji@4ngoOf one, gy BOLF ?miBegoV§5H188 pBFyIRFE are
e hresen hencioeider Lor examERe i oo
T s e T
di ani nes with oneloweroemerdy coasutiptibo; ceduged eppdhadecoThief
continuous procesiquipment, reduced environmental emissions and cost
advantages pertaining thereto, and improved product
15 quality. 1In the process, a process stream of diacid or
diacid mixed with diamine is fed, as a molten liquid,
into the first stage'of a multi-stage reactor and
additional diamine is fed into the reactor at one or
more of the additional stages. In a vertical reactor,
20 where the first stage is at the top, these additional
stages are lower than the first stage of the reactor.
More specifically, this invention provides a
continuous process for the manufacture of dimonomeric
polyamides, essentially without emission of diamine in
25 the vapor, which process comprises the steps of:

a) providing to a first reaction stage of a
multistage reactor, operating at a pressure which can
conveniently be essentially atmospheric, a process
stream comprising a molten diacid or a molten acid-rich

30 mixture comprising a dicarboxylic acid and a diamine;
'b) flowing saild process stream through a
series of the first reaction stage and at least one more
reaction stage;

c) adding to said process stream, in at least

35 one reaction stage bey@nd the first reaction stage, an
additional diamine component as either a vapor or a

diamine rich liquid; and
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diamine from the countercurrently flowing vapor,
15 providing that the temperature of the first stage and ‘

any further stages is sufficiently high to'keep solid
from forming in the reaction apparatus. It is preferred
if the multistage reactor is vertical, with the top
stage being the first stage. |

20 This invention can be used to. manufacture nylon 66
(poly-hexamethylene adipamide) where the starting
materials are molten adipic acid or a molten adipic acid
rich mixture of adipic acid and hexamethylene diamine.

_ The acid rich mixture is about 75% to 85% by weight

25 adipic acid and about 15%-25% by weight hexamethylene
diamine. The acid rich mixture is preferably about 81%
by weight adipic acid and about 19% by weight .
hexamethylene diamine. In a preferred embodiment the
process is carried out in a vertical multistage reactor,

30 having a first.stage and one or more additional stages,
typically six to eight stages. Hexamethylene diamine is
added either as a vapor or a hexamethylenediamine rich
liquid to at least one of the reaction stages beyond the
first stage. The balance of acid and amine functional

35 reactive groups (ends) in the resuiting polyamide is
monitored and controlled by an appropriate control

system.
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The invention also concerns a continuous process
20 for preparing an essentially anhydrous mixture
comprising adipic acid and hexamethylene diamine in a
75-85:15-25, preferably a 81:19, weight ratio comprising
the steps of:

(a) heating a heat stable liquid to about

25 80°C, '

(b) adding solid adipic acid,

(c) agitating at about 80°C, at typically
200 RPM, until a solution is obtained (typically about
two hours),

30 (d) adding hexamethylene diamine to reach the
desired weight ratio of weight adipic acid:hexamethylene
diamine, ' '

(e) heating the mixture to from about 120°C
to about 135°C, with agitation, while allowing any water

35 present to evaporate to form an essentially anhydrous
molten acid-rich mixture comprising a ratio of '
75-85:15-25, preferably 81:19, by weight adlpic
acid:hexamethylene diamine, and
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heat stabl e hgdbatiors, abouas to cause effective contact of
countercurrently flowing vapor and liquid streams.
'~ This invention further provides a method of process
15 control, by which the process of thé present invention '
is controlled, which method comptises a near infrared
activated feedback control system which determines acid-
amine ends balance and, where needed, causes the
injection of an appropriately small amount of additional
20 diamine into or near the bottom or final stage of the
reaction system so as to essentially achieve acid-amine
ends balance. _ A
DETAILS OF THE INVENTION
The process can be used to produce a wide variety
25 of dimonomeric polyamides and cdpolyamideé depending on
the choice of diacids and diamines.

By "dimonomeric polyamide® herein is meant a
polyamide prepared by the condensation polymerization of
two monomers, a diacid and a diamine, for example,

30 nylon 66 which is a polyamide prepared from adipic acid
(1, 6~hexanedioic acid) and hexamethylene diamine. |

The diacid component may be selected from
aliphatic, alicyclic or aromatic diacids, with the
proviso that a diacid be capable of being used in melt

35 form by itself or as a melt or as a dispersion in
combination with other diacids or as an acid-rich feed
with.diamine at a temperature that avoids excessive
degradation of the diacid. Specific examples of such
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diamine, and 5 acid, terephthalic acid, 4-4'-oxybis (bsmzg/clenid),

PCT/ US95/ 14991 4, 41-penzophendde dESHBUkPHIPIdcRE] B, haphtdmlhd ene
diamine in a 75-85;15- 25, TRt eraply 8110, %‘?o to the mol ten aci d

rich mxture at thH@iGaFRO¥%}EC12etdnARd P-t-butyh d.sorhthalde iacig -+ hdhewn.

5 Thi's met h?%r@feff%arwié&w&iﬁié deidetk isdipic ayid. cable to other
di aci d-di am ne conbi natjons %n additiondég a@bg%g%?e anet hyl ene
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effective contact dfamine, c2rtmetchylirpenritametiliyleney haapiore ,a/2+nieitihyild hexa-
streans. methylene diamine, 3-methyl hexamethylene diamine,
2,5-dimethyl hexamethylene diamine, 2,2-dimethylpenta-
15 methylene diamine, 5-methylnonane diamine, dodeca-
methylene diamine, 2,2,4- and 2,4,4-trimethyl hexa-
methylene diamine, 2,2,7,7-tetramethyl octamethylene
diamine, meta-xylylene diamine, paraxylylene diamine,
diaminodicyclohexyl methane and C2-Ci¢ aliphatic diamines
20 which may be substituted with one or more alkyl groups.
The preferred diamine is hexamethylene diamine.

An optional third starting material, having a
carboxylic acid functional group and an amino functional
group or a functional precursor to such a compound, may

25 be selected from 6-aminohexanoic acid, caprolactam,
5-aminopentanoic acid, 7-aminoheptanoic acid and the
like. o
If the diacid does not suffer excess degradation at
a temperature around its melting point, it may be used
30 directly as the feed stream to the first stage of the
reactor. If the diacid is combined with one or more
diamines to produce an acid-rich feed stream, this may
be done continuously or batch-wise, so long as a steady
feed stream to the first stage of the reactor is
35 maintained. |

The feed stream for the first stage of the reactor
comprises a flowable molten diacid or a flowable molten
‘diacid rich mixture comprising the selected diacid and
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15 mixture. Pre-vaporization of the diamine feed system ‘
removes some of'the-heat requirement from the reactor
and reduces the likelihood of time to time'variation in
the amount of diamine wvapor flow at various points in
the reactor. '

20 Figure 1, described below, shows the internal
configuration of a multistage reactor. Standard
distillation columns are suitable devices for this
purpose except that the liquid residencé time in the
stages is increased to give time for chemical reaction.

25 Mechanical agitation is provided to enhance the exchange
of components between vapor and liquid, to prevent zones
of stagnation in the reaction mixture which could lead
to gel formation, to faciiitate héat transfer and to
yield greater time-wise uniformity of produét.

30 The absorption of diamine into a reactive polymeric
liquid is found to be most rapid and complete when the
liquid is highly acid-rich and at a relatively low
temperature. The rate of transfer of diamine £rom vapor
into liquid is sufficiently rapid and complete, even

35 when the liquid is close to a balance of acid and amine
ends, and at a high enough temperature to keep high
molecular weight polymer molten so that a reactor with
six to eight stages is capable of producing balanced
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hexanet hyl ene. di affye: ASEi0nSendle; P Ghet SFEERGSRE: BPPQFPtion
havi ng a 1¢ar odx dilaminei draporcbyothle gcddprdact amqamdnﬁlbunﬁhlanal
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f rom 6- am nohexandi ¢ acr d, “caprofact m No
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suffer excess deg a0 €+ & ' kDO |
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produce an acisl- rbgheheegfsaggaalcggtgoﬁay be done conti nuously or
bat ch-w se, so |long as_a steady strgan1to the first st ge of the
reactor is 35 mmintai f&gSome cases, ?Hg fBc e PrefrFERPd; RSP FRETE: age of

t he reactor ng&bnisesia ﬁhewpbbdu&ﬁléﬁd ddtpid acia isovnsl stadting

diacid rich nlxtua c&¥ iiggaEig SEL Eigcghaﬁhgtaﬂg combined with one
or more diamines into an acid-rich feed stream in order

20 to secure a feed in which the diacid remains chemically.
stable. This may be done continuocusly or batch-wise, as
long as a steady feed stream to the first stage of the
'reactor is maintained. One method is provided in U.S.
4,131,712, col. 2, lines 30-39, which patent is

25 incorporated herein by reference. A preferred method is
to carry out this process continuously by combining, at
this same rate at which molten acid~rich feed is
withdrawn, with agitation, at approximately 120-135°C,
feed streams of solid, granular adipic acid and liquid

30 hexamethylene diamine or hexamethylediamine solution
(which is commercially used at 85-100% purity, balance
being water). Holding time in the agitated reactor is
approximately one to three hours. Holding for longer
times is not detrimental to the reaction product.

35 A preferred method for preparing the acid-rich feed
utilized in the preparation of nylon 6,6 in a continuous
fashion comprises the steps of (a) heating a heat stable
liquid to about 80°C, (b) adding solid adipic acid,
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conpl et e wheRTefgrred.
Solid crystalline adipic acid is employed.

Depending on particle size, time to reach solution state
may vary. Typically, agitation at this step is 200 RPM
20 for 2 hours. :

Hexamethylene diamine or hexamethylene diamine
solution, which may contain up to about 15% water may be
used. The amount of water to he evaporated varies.

(For example, in cold weather, the diamine is shipped
25 with about 20% water.) If water is employed as the heat
stable liquid and hexamethylene diamine solution is
used, water to be removed is at a maximum. If a stable
molten diacid, for example, dodecanediocic acid, is
employed as the heat stable liquid, water removal is
30 minimized. o -

Essentially anhydrous in the-present-context means
approximately 2% water or less. If a heat. stable liquid
other than water is used; for example, dodecanedioic
acid, once the continuous feed of adipic acid and

35 hexamethylene diamine in an 81:19 ratio to the molten
acid rich mixture is commenced, some time will be
required before steady state operation is reached. That
is, some time will be required before the heat stable

10
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' 15 rate. A computer causes the HMD injection to respond to
bring the composition closer to the set point.

To produce a product with time-wise uniformity
suitable for commercial end uses, it is necessary to
monitor and control the difference between the

20 concentration of the carboxylic acid functional end
groups and the concentration of amine functional end
groups in the resulting dimonomeric polyamide by an
appropriate control system. This requirement is
especially stringent for product that will eventually be

25 formed into fibers that will be treated with dyes that
attach themselves to one or the other of the two
functional groups.

To achieve this control a measurement is made of
some characteristic in the polymer leaving the final

30 Stage of the reactor which is sufficiently sensitive to
the concentration difference. The method must be
accurate to within about plus or minus 0.5 units in the
difference in acid and amine ends concentrations (gram
equivalent ends per million grams of polymer). Any

35 analytical method of this approximate accuracy, that is
rapid enough to give answers in a timely enough fashion
to effect process control, would be suitable. 1In
general, manual titrimetric methods, though sufficiently

11



stable. Th

st eady WOe&/1607cam to the first stage of the
is provided in U S. 4,131,712, col. 2, lines 30-39, which

One et hod
patent is

L which ol PERCRRREPREROF Soch kPe ey AQIBOR 8 ndisroring S o8 12

I's may be done continuously or batch-w se, as | ong

as a

r eact or PCEUSN/149%1 ned.

2accupatepoase cNot crspid bendederevcgive Angdeiegferl nethod is
to carry out_th

appr oxi mat el yea@toz36htput Cis by néardisfrazed apeettaphotpmnntgu adi pi c

acid and Ii
(which is c

oth ol IO ARl M pha Ol stbaB 1 ol 0

Hol di ng i nebetween agi@am@l amoenq!% to an mﬁmm edggm Qf) t hree

hours. Hol di { &St t 553@ ction
product . 35980&9&0{0‘3??;%%&%‘% hod %%riﬁ%%%rfén e aci cﬁ ri ch eed
utilized in thds p?%%é’%%?onclb?nw AES, BAde In Ihe thyleﬂ%lshl on

conprises th@igmene déedainteadr rlgea?rhﬂ@é 156@&:&:@ stageldﬂtutﬂato about

80[err]C (

hexanet hyl e
aci d: hexane

125[ err] C t oling leading pulf @fiihe monlaa{qucsmm adfastt i on while
if@féfaﬁdfsaéﬁié Opded Y 85.txﬁ:6 Q:Hérﬂ?aé&fer 1igpsentially

rich mxture r|S|ng 81: 19 by wei ght adi pic

al I owi ng anyp

anhydrous nolten aci

&iad é{']gs Sgtl:éxg a%y "piﬁato or near" is meant thﬁfcﬁfiisﬂaS/ 14991
(c) agi ﬂ.@tl nfeed bdolntS8Otherbottam scdadtiamn stage,  intubtthenestaded) addi ng

imfeaiaeeLy R bld borton SR 3 Hhdd e AHS D00

aci d: hexanet hyl enthe desifed;produgh ’f’f?m ft'élﬁll’-'rr’ga ¥ ting dsand

hexanet gl e

20

25

30

35

Nfenerically described, in the case of nylon 6,6
processing, as intermediate molecular weight nylon. As

such it is suitable for sale as is, or it can be further

processed to higher molecular weight nylon by methods

known in the art, for example, in an extruder or through

solid phase polymerization. L
DESCRIPTION OF THE DRAWINGS
Figure 1 describes diagramatically the internal

configuration of a reactor. The reactor is divided into

discrete stages 1-8 using perforated barriers, 9-15,
between stages, which barriers allow separate passages
for vapor and liquid flows from stage to stage.

Figure 2 describes an eight stage reactor. Feed
material streams 16 and 17 are fed into mix tank 18 for
diacid rich feed preparation. The acid rich mixture is
then fed into stage 1. The-columnuis heated by heat
sources 19-24. Agitator 30 is located at the bottom of
the reactor. Hexamethylene diamine vapor is fed into
the acid rich mixture at various stages 2 through 8.
Nylon 66 polymer is removed after bottom stage 8.

Beyond the first stage, -each stage is separated from the

stage above and below it by a horizontal perforated
barrier 25 with openings 26 and 27, respectively, for
liquid and vapor to flow through. Ligquid flowing from

12
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15 - Near-Infrared Monitoring: Pre-polymer Method I
' In monitoring the exit stream from the column, the
goal is to first measure then control the ends balance
and the conversion. In the case of the preferred
embodiment, the preparation of nylon 66, the ends
20 balance and the conversion are specified by determining
any two of the following: amine ends concentration
([a}), carboxyl ends concentration ([Cl), difference of
ends (DE or [C]-{A]) and sum of ends (SE or [C]+[A]).
Polymer relative viscosity (RV) can be used in place of
25 sum of ends. The analysis and control may be carried
out essentially continuously.

"In a demonstratioh of the preferred process, the
preparation of nylon 66, near-infrared spectra of the
pre-polymer melt were obtained using a UOP/Guided Wave

30 Model 300P near-infrared spectrometer. A pair of 5.5" x
0.25" diameter sapphire-windowed optical transmission
probes (UOP/Guided Wave), available from UOP/Guided
Wave, El1 Dorado Hills, CA, were inserted directly into
the exit stream of the column using a NIR cell located

35 at the exit of the column. The NIR cell consisted of a
block of 316 stainless steel through-ﬁhich perpendicular
holes had been drilled; the pre-polymer melt flowed
through a 5 mm diameter channel the length of the cell;
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Chemical Analysis™ published by John Wiley and Sons
20 (1973), page 293. The lab results were reported as acid
and amine ends, in meq ends/kg polymer, to the nearest
0.1 end. _ ' .
At the conclusion of the test, the NIR spectra
nearest (within 5 minutes) in time to each of the lab
25 samples collected were extracted from the spectra in the
data set to give a calibration set of 26 samples} The
calibration set spanned a range of 100 to 400 amine ends
and 50 to 170 acid ends. The calibration spectra were
smoothed and baseline corrected using Scanner 300
30 software supplied with the UOP/Gui¢ed Wave spectrometer.
Partial least squares (PLS) models were developed
using the wavelength region bétween 1000 and 2100 nm.
PLS models were developed using the Unscrambler® (Camo
A/S, Trondheim, Norway) chemometrics software package
35 following the directions supplied by the vendor. The
use of PLS models is widely known and taught in the open

literature.

heet Has Been Replaced

TN o




rapid enough to give answers in a tinely enough fashion to effect

process contwoleg/igmy! d be suitable. In general , manual ti ycmg‘gs/lggl
met hods, though sufficiently _ WO
96/ 16107 For amine ends, a two-facEE?VbE§5ﬁ64391explained

accurate, are not _rapid ve nmeani.n ocess contro). A
preferred method 8B- P? Fpggx —va ?%%%t%?dogip%% ?§ Eﬁg g ayarigncs
SpgctrOphotomdetryghe callbeatton- et ar et p.ﬁedibl yétédru@éwsﬁs-;bdsnm:fferenceh
5 between acid and _anin an accept abl e cura Wi t
a sufficiently tiﬁ8W9°PSESBHS§£8%a§§daSﬁ racy f%$§{535I£§T% a@éhﬁ\ &%r
made in the hékanandyheaerrelatﬂoaneoeffﬁeﬂemutORDroﬂe@rQﬂhe botton1stage

O e e bot | oo O SV 3hed! B shERE SR sQEia! AoPaBhehlA! st seihl ood 1o

into the bottomreactor S ove t he
bottom stage or i|Was ﬁﬁéoarQQSLedependenths m@@ﬂlngc%@teﬁﬁsthe botton1

reactor stage. Most ValEBSi:@BﬁbHis EBhé ﬁ?eﬂréézéﬂiﬂgtlggnéééﬂéi@ﬁ &é@@

The desired product fron1t e tran ine 1s gener.i y described, in

the case of nyl onWsth this ﬁ?@%ési’i‘nﬁeahs‘:#ﬁ? ARELRS  BRIF TNt URKE ght
nylon. As 10 Suéﬁet&tlénﬁul t'ilbéemé@él @dﬂétiéns Oketrd Edivé¥rddnisiglg

d to high I I t hod th
Bt Tor exampl o, ahreBRLERERbALTRgR: (SHeRHed oF SR annm e VERIN R on
DESCRI PTI ON OF THH DR&ENES of ends (DE) ofsr dpew:r b v reigsreoen t i stialdey
the internal o AECUAEUORRAODREL Sodehe andlle (SRR Ynd Switind Lithd "0

di screte stages 1-8 uSTn erfor arr ers
values and the difference of ends values were highly

15 correlated. The resulting DE predictions tracked the
lab results (although with an offset that changed
periodically), responded correctly to known process
changes, and had a repeatability (standard deviation of
consecutive predictions) of 1.3 ends over an hour and

20 0.95 ends over a ten minute period.

' The model obtained in this manner was used to
control the composition of the pre-polymer melt.
Depending on the value of DE obtained, and the desired
value, changes in the column operation were made.

25 - Near-Infrared Mopnitoring: Pre-polymer Method II

In monitoring the exit stream from the column, the
goal is to first measure then control the ends balance
and the conversion. In the case of the preferred
embodiment, the preparation of nylon 66, the ends _

30 Dbalance and conversion are specified by determining any
two of the fellowing: amine ends concentration ([A}]),
carboxyl ends concentration ([C]l), difference of ends
(DE or [C]-[A]) and sum of ends (SE or [C]+[A]).
Polymer reactive viscosity (RV) can be used in place of

35 ends. The analysis and control may be carried out
essentially continuously. |

In a demonstration of the preferred process, the
preparation of nylon 66, near-infrared spectra of the

15
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top of the react orThmar-inﬂw%wmqré@%tsym y@&gerwrmg of heat

sources to automatically scan and save an absorbance spectrum

(the average of 8 scans) of.the.prefpolymer_melt once

15 every fifteen minutes. Once an hour discrete samples ‘
were taken at the pelletizer at the end of the transfer
line. The samples were analyzed by titration to
determine the difference of ends, DE, and the amine end
concentration, [A]. The lab results were reported in

20 meqg ends/kg polymer or “ends" to the nearest 0.1 end.

Over a four day period, the NIR spectra nearest

(within 5 minutes) in time to each of the lab samples
collected were extracted from the spectra in the data
set to give a calibration set of 67 samples. The

25 calibration set spanned a range of -167.0 to +81.0
difference of ends and 33.0 to 221.4 amine ends. The
calibration spectra were smoothed and baseline corrected
using Scanner 300 software supplied with the UOP/Guided
Wave spectrometer. _

30 . Partial least squares (PLS) models were. developed
using the wavelength region between 1504 nm and 1576 nm.
The PLS model was developed using the Unscrambler® (Camo
A/S, Trondheim, Norway) chemometrics_scftware package
following the directions supplied by the vendor. The

35 use of PLS models is widely known and taught in the open
1iterature.

For difference of ends, a two-factor PLS model

explained 99.1% of the X-variance and 95.2% of the
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19-24 to prevent the formation of solid material.
EXAMPLES 15 wosneéhgrar - I nfrared Monitoring: Pre-pol ynmer Mt hogdriuses/14991
Inemonitoring the exit streamfromthe columm, the goal is to first

measure then cont wvatﬂ%n%@d&nb%h@n%snbra%a@nt Qetconxerﬁkeaictadt Pgecase
of the preferred enmbodi nént preparation of nylo he en s.20

bal ance and the c@ﬁ@éﬁﬁ%MWE§TG°EB€§FFFQ& U}tHePBrHFﬁPHQCY (SQRQ 13#3t he
followi ng: am ne ¢nds @NdCanicoxiredation cbAE¥iciankoXR) -68de.e0ncentrati on

Cl), difference of end Cl.-[.A),.and m_o n
E%jL%A])! r Polyner|$5%ﬁ|8 g%?f@ ] %ﬁ%ﬁﬁ% %ggoﬂggg |ﬁu%?§82e8F 25
sum of ends. Hhevamahﬁiba &od independentlybmodeidr sent of ends.essentially
ti | trat ,
Ot Y ot gt on s TAGREIBT DA, Bobuf] pdfs LIS’ EEHPBLIETSH, ohDE
wer e obt ai ned usi mgth tbRsGroded favca3diffedent308e dayrpenied: edThe
spectroneter. A H@HEloirL&&chQﬁs traEﬂhﬁ5tﬁéXQaﬁ5§ésQ1€§E?€ﬁough)with

sapphi re-w ndowed optical transm ssi UoP/
avai | abl e from UoPRCEE&Est thaﬂa?Ba“EPdDBPSéBdFFPF Y) andyRed fnserted

directly intoo r&b@a@&b&l&t eqetahdaka aevistichi 69 Sohb&caeivel ocated 35

at the exit of the c R_cel I, consiste f 316

stai nl ess steel tﬁF&géﬁg%ﬁPEI B@rbeﬁdPBGFaner aﬂo?%&‘h%ﬁdb%e%8d??$?e%?e¥he

pre-polynmer nelt @l eeadminutehpemdbda 5 mm di aneter channel the | ength of

the cell; A model obtained in a %imilar-manner'was used to
control the composition of the pre-polymer melt.

15 Depending on the value of DE obtained, and the desired
value, changes in the column operation were made.

In monitoring the exit stream from the acid-rich
makeup vessel (also referred to herein as acid-rich feed

20 ARF), the goal is to first measure then control the
chemical composition (the relative amount of diacid and
diamine components). 1In the case of the preferred
embodiment, the preparation of nylon 66, this is
conveniently expressed as weight percent adipic acid.

25 If the preparation of the acid rich mixture is carried
out in a continuous fashion; the analysis and control
can also be carried out essentially continuously.

In a demonstration of the preferred process, the
preparation of nylon 66, near-infrared spectra of the

30 ARF were obtained using a UOP/Guided Wave Model 300P
near-infrared spectrometer. A pair of 5.5" x 0.25"
diameter sapphire~windowed optical transmission probes
(UOP/Guided Wave) were inserted directly into the 0.25"
tubing exit stream of the acid-rich feed unit using a

35 Swagelok® cross, available from Swagelok Co., Solon, OH
44139 and two Conax® fittings, equipped with Viton®
O-ring seals, both available from Conax Buffalo Corp.,
2300 Walden Avenue, Buffalo, NY 14225. The optical

17



the GWprobes were inserted perpendicular to the flow and held in place
with COM@L/610T fittings manufactured by Conax Buf f al RCTE$9$/14991300

Wal den Avenue, Buffal o, NY 14225 and Kalrez[err] (DuPont) seals. The v
optical 5 pedthlemgth lsétvwessen tthe prdbes wes about 5 mm. Twhef | at

band- heat er }%gss%!é%fgdc&&gé%& % Qh%c%?ce?eét:&!% 3 '._usﬁg{é{;bes wer e

connected t rometer using ed 500

ac

m croneter (20 orefigrsiod jacketed Q0 qitqnpncaﬂxxgl(wdihan et igave). 10

During a thr@&of@y(ﬁ@éisnﬁa’éd twifrdicar - i nfrared nmoni toring system was
v _

programmed to autonmafica scan and save an absorbance spectrum (the
average 6f 8 scarRyring itwoday Lok in the ARF QOMpRSAEIAn, wag nutes. At

roughly fift«wesied tispwibes frdn, 7 TH HdiPie X1 ¢ \854%€ alfipilala@idat the
onal yoed by T B Latraret RRATIRY MY stam VAR RRGTATIRE o T
cogcem ir:lt [ cma;m{\ﬁ]i_.aul V' scdrA%anlx'cSe&avéi)Ianmbb. bwaﬂdeews'pélmmhoﬂewseazgf

I( 2932) ’ gageavfg%beénﬁfg ‘? %Art)e/s?uﬁfs-% eﬁr%g%gﬁéey)aésr} "*'acf’:'}"?é ?ﬁgél?%gém ne
ends, i A0neditermighiypdladfithoun intenwadisesidiscrege] samples were At the
conc| usi on dlaidip dt*Sine die1cIdR YL IEE unit W P8k (Hchls Ea,BhAUL eS) 1

time to each of the la sanpl es call ected were extracte m t he
spectra in tihe NIR probesgk. { Fhq semples wers: poaly@edoby26 sanpl es. The

cal i}lbraéI ion %aet.traa-.l%gne?ﬁe&ﬁwefti@fe &@n@o@@c&ﬁi—ﬁﬁcﬁnigeg welil'_éd 50 to 1'[70d
aci d ends. e calibrati pectr re o and_basel i ne correcte
usi ng Scanné{}"‘fﬁf‘gl‘QSI %%r’@‘ ﬁﬁqu\etﬁf At ﬁ%e U%gFGEP&BHi%anS
spectrobBt ertitrated withard i50% byasieightasedutRbfh) ofotiekameehgldagel oped‘
using the th reqi t 0Q 1 BLS nodel s were
devel oped \llj\?li%‘ﬁl e%ngéﬂrt%%nll{gr&gﬁtje?‘%gr?o%qrié& g&?ﬁi 8ﬁdﬁgi m Nor way)
chenonet ri cd S0 pie piAlleagalzmlatdionsasgumed @i sepplenmodspprieed by the
vendor. Theeyel ¥ Xlovand 2 converdids ¥ekaaueiandnbaidlhihd the open

literature. .
nylon 66 pre-polymer.) The lab results were reported as

20 weight percent adipic acid (dry basis) to the nearest
0.1%.

At the conclusion of the test, the NIR spectra
nearest (within 5 minutes) in time to each of the lab
samples were extracted from the spectra in the data set

25 to give a calibration set of 57 spectra. The
calibration spectra were smoothed and baseline corrected
using Scanner 300 software supplied with the UOP/Guided
Wave spectrometer.

Partial least squares (PLS) models were developed

30 using the wavelength region between 1000 nm and 1670 nm.
The PLS models were developed using the Unscrambler®
(Camo A/S, Trondheim, Norway) chemometrics software
package following the directions supplied by the vendor.
The use of PLS models is widely known and taught in the

35 open literature. A two-factor PLS model explained 99.6%
of the X-variance and 97.3% of the Y-variance in the
calibration set. It predicted the ARF composition with
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For am ne enadgo9@iéron-factor PLS nodel expl ai ned 98. 0% of POFUS9S/14991
X-vari ance and 97.2% of the Y-variance in the calibration set. It

predi cted the pre-plad@iracy (SEPPSE g .9y );ﬁ'?: %Qﬁ‘df %@ﬂ @S@arr@fla%goﬁ
amne ends 5 and a correl atfon coefficient (R

calibration set diSPEHERR% R)s fF i0-98R- vari at | on to i ndependent I y
nmodel acid ends. Validéadi&ﬁtwam dorte dgnq:ﬁsdirmﬂdig:tdmmm data

dat a th th duri.n equent _un
operati ons\.NI The n%'?qrﬁo&ﬁ&ﬂl ‘%ﬁs f\tﬁ&n%hfgrﬁ; Z%ﬁ?ﬁ'ﬁ'&g s%elcé'rﬁ érrpl PI cal
| i near equati o frrmdealmpnedémislc(r{sé\]t)racked tha:lilia&:emwdttsf, eesponbed f or

operator conveni erﬁcoq_, f hggshort term the
am ne ends es ané’atthc kc’im#@ ence of %’?evél %glg \?\l/gar eghl ghly 15
correl ated. The r@epeataPidAty deitandarsd desdiaddomef consegytdweults

(al though with angfddigle i) ‘HP'&%% adlptl%r ag_qdcal ly), responded

correctly to known process a repeat ability (standard
devi ati on of cons FRRLRAF ﬁfae‘cﬁi‘%?c 5(5?95)"3@‘ dP’E? Preddctdndhour and 20

0.95 ends oveipa !RmpBsitivmP=Etad with tlus moﬁéq rmd&leaqbttatneeauh:mntghas
Dependi ng on the FHRRASEHEAE tRt Pl B o 103 28 Bhe BORETC Changes
in the colum opemMHdﬂttﬂunSIﬁr*bked the lab results (although with an
offset of about -0.6% adipic acid), responded correctly
to known process changes, and had a repeatability of
15 0.02% adipic acid.

The model obtained in this manner was used to
control the composition of the ARF. Depending on the
value of % adipic acid obtained, and the desired value,

- changes in the reactant ratios were made.
20 - | EXAMPLE 1

A molten acid-rich mixture, consisting of 81% by
weight of adipic acid and 19% by weight of hexamethylene
diamine was supplied contihuously to the top of a 4 inch
diameter vertical reactor. The reactor was divided into

25 eight stages, each stage separated from the stage above
and below it by a horizontal perforated barrier.
Reactor temperature was controlled so that a temperature
gradient existed, with the top stage held at 178°C and

. the bottom stage at 276°C. Liquid flowed from each

30 stage to the stage below it through an opening in the
barrier that was fitted with a tube leading into and
below the surface of the reaction mixture in the stage
below. Liquid flowing through the bottom stage was
continuously removed from the bottom of the reactor.

35 Vapor of hexamethylene diamine was supplied
continuously into the upper part of each of three stages
"above the bottom stage. This vapor and any additional
vapor of diamine or steam formed within the reactor
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pr ogr amred
consisting of 90% formic acid and 10% water and compared

15 with the viscosity of the solvent at 25°C). Based on ‘
the end group content, the number avefage molecular
weight of the polymer product was 10,500,

The vapor leaving the top of the reactor was
analyzed and found to contain less than 100 parts per

20 million by weight of hexamethylene diamine. This means
a loss of diamine of 0.000016 parts by:weight per part
of polymer. Typical commercial processes for making
nylon 66 lose between 0. 001 and 0.002 parts of diamine
per part of polymer produced._

25 L EXAMPLE 2 |

A molten acid-rich mixture, consisting of 81% by
weight of adipic acid and 19% by weight of hexamethylene
diamine was supplied continuously to the top of a
vertical reactor at a rate of approximately 200 pounds

30 per hour. The reactor was 15.5 inches in internal
diameter and about 17 feet high. It was divided into
eight stages, each separated from the stage above and
below it by a horizontal perforated barrier. Liquid
flowed from each stage to the stage below through an

35 opening in the barrier that was fitted with a tube
leading into and below the surface of the reaction
mixture in the stage below. Liquid flowing through the .
bottom stage was continuously removed from the bottom of
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to automati cal | y scan and save an absorbanc T EH (the average of 8
scans) of thewpmnsagwbyner nelt once evely ;"f’féém gS. POT/OSISN4beIUr
di screte sanples 15 were taken at the pell& Mc&m d of the
transfer l'i ne. tﬂ'@e,&@éggps Wl o 2 ¢ Miéérﬁétﬁ Temi-ddaniite wasgdet erm ne
the difference of ends DE and, the am ne end coencentrati_on,

, Al .  The
lab results were re4RRligd ?Pntim}ﬂélfjéhd’s'?%%ﬁmeropar(gnd’é < the
nearest 0.1 end. aihree sta@&rawo\wlﬁheda)bﬁwxd atadde ModBalp&diowa ofear est

(W|th|n5mnutes) i e to each of t I oIIe d were
extracted from t he ¢ 3% ?‘?%r%'%?teﬁy a@etpqr%% PET BORT - g"tﬂ%'&n set
of 67 sanpl es. 5SThevapor amdlamatadnitslama]pamm of atigmigfe oft6Bt@amo +81 0

25 difference of E}gin FP v?é&jsfrom-r% ch st%?(? Qra
spectra were snoot an asel i ne correc usin canner 0°s vvare
supplied with the &mm thragghe %;ﬂét]ttrmiét@ty ot small hpdes aln Eb&st

squares (PLS) nodalgrMede, dansd Brethgithg U %MQWL\‘:&E%”%BtE%' Y1thekween
1504 nm and 1576 nm "The PLS nodel vvas devel oped _usi,n

Unscranbl er[err] (gpid in ghe stageahaie NorVaRAE d H-é\‘!'&ﬁgtftp\{@"gafttﬁ&e
gﬁgkagg | f obl S\Mdtg §dfai;éilvi?3td&1ﬁrﬁ4diﬁllg€¢dmbﬁé& frondehe Eb@ of thee of

nodel s is w de no tau i n.the en i_t eratur
For difference of zé%/?d"ls% 3t K ﬂ@lr‘hﬁﬂe 0 eaq Z&Slt 9 e889§e53}’15th ke
X-variance and 95. mélé\zéntt h:she formatiiiciel AGEdENidSMBEErial. The polymeric
16 VO 96/ 161q'rYater:ial leaving the bottom of the reactorpgysgg%y 14991
through a length of pipe before being sampled. The
15 average residence time in the pipe was about six

minutes, which provided time for additional reaction in
the liquid. The liquid leaving the end of the pipe was
analyzed and found to have an average carboxyl end
content of 111.5 (plus or minus 20) gram equivalents per
20 million grams of sample, an average amine end content of
71 (plus or minus 13), and an average Relative Viscosity.
of 25.1 (plus or minus 3); the RV was calculated based |
‘on the sum of the carboxyl and amine ends using a
standard formula. Based on the end group content, the
25 number average molecular weight of the polymer product
' was 10,960. These results were obtained during a period
~ of continuous operation of 31 hours.
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Y-variance in the calibration set. It predicted the pr e- pol yner

conposiwd9gnérpr h an accuracy (SEP) and popesysaledi on

coefficient (R) of 0.977. ﬂ“l“ﬂ"ﬂﬂ!llHﬂm”m set did not contain
Atley mode

sufficient wnatalisdldidinded iixdepende sum of ends.
Val i dati on was done by predictiqg conposition data Wi th this nodel for

a different two day petiRkPCces for thedwmnufaghune /% dimpnamenice | ab

resul ts (theueglyaniiide whichaipreidesst domprisesnghe peepsdogal | y) and had a 10
repeatability (standard deviati i Ccti or}s)a of 1.5

of consegutive re
ends over an hour and .50 %ﬁﬁgﬂg to a rirgh, W?I‘Eﬁje‘?rb&'acﬁf ° A
nodel ob%ai maltiistage meaatorgnbavings aufdasto stage aadt pbake blremoeegposi ti on

of the pre- r | t ' _ o] Lned, and the
desi red’  WAELond, lovabits FREICA W-edh LPuesRing"abIrAR
Near - | nf r ar sid-aieddl 108y iangrolaeind acigirrichdmixture compgisdnigt 8ri ng the exit

streamfrom&i%%zq,g’,ﬁlrjjccgcid an®@iedladpeel (also referred to herein as
acid-rich feed 20 RF), the goal is to first nmeasure then control the

chemical conposition ®he rElewing saddiRrefess firpamdhroudhyiaamine
conmponend s) selrielsh@fCasEFidist! Feaptdbar sedge andcEOdJeBBE! onkhfiopeepar ati on
of nylon 66, this is .conveniently expressed as wei ght percent adipic
acid. 25 |FeFﬁ§iBPeB§P§Fivon of the acid rich mxture is carried out
in a continuous fashia), theddirsd wo ssaidl pyrodess streamarimlazo be carried
out essentiglly,c i Ly s a nRs t] f the preferred
process, thg'ea)ét ggr%e%gfg?'leoﬁegftrj]'?f’oﬁtgé,gsnggggaﬁf %é?egggﬁgct ra of the 30
ARF were obrgrctsdonsistggs,Uer/ aedddsdomaledidnine3oomponentnaar-i nfrared
spect 1 ofipt €pjtheRah vabo2 3r % 91%5& fll 205Lea; Sapphi re-w ndoved ’
optical transm gsi on p?’gbesr ' UOg?Gﬁ?ﬁed %e) were inserted directl

into the 0.25" t 8Bi ng Tk lingntde hadanae of @acideapd amingsi ng a
35 Swagel okhasr incthésresuatlingl aimbAbne¥@ECchBkyLfiide By 0an CH 44139
ferr] o Oring seals,

T o bk Akt B E e Ry BRER "an 1"
e) maintaining the temperature of the first

20 reaction stage and any further stages at a sufficiently
high temperature to keep solid from forming in the |
reaction apparatus. _

2. The process of Claim 1 wherein the multistage
reactor is equipped with internals to cause effective

25 contact of any countercurrently flowing diamine or
diamine-rich vapor with the molten acid or acid—iich
process stream. -

3. The process of Claim 1 wherein the product
manufactured is poly(hexamethylene adipamide),

30 (nylon 66), and wherein the process stream of step (a)
comprises molten adipic acid or a molten adipic acid-
rich mixture comprising adipic acid and hexamethylene
diamine and the additional diamine component added in
step (c) is hexamethylene diamine added either as a

35 wvapor or a hexamethylenediamine rich liquid.

4, The process of Claim 2 wherein the product
manufactured is poly(hexamethylene adipamide),
(nylon 66), and wherein the process stream of step (a)
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pathl ength between the probes was about 5 nm T'he probes were
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weight of adipic acid and approximately 19% by weight of

15 hexamethylene diamine.

7. The process of Claim 1 or Claim 2 conducted at
essentially atmospheric pressure.

8. The process of Claims 1 or 2 wherein the
control system of step (d) is a near infrared activated

20 feedback control system which, on demand, injects an
appropriately small amount of hexamethylene diamine
vapor into or near the bottom stage of the reaction
system so as to essentially achieve acid-amine ends
balance. _

25 9. The process of Claim 1 or Claim 2 wherein fhe
diacid is selected from the group consisting of
aliphatic, alicyclic or aromatic diacids.

- 10. The process of Claim 9 wherein the diacid is

. selected from glutaric acid, adipic acid, suberic acid,

30 sebacic acid, dodecanedioic acid, 1,2- or 1,3-cyclo-
hexane dicarboxylic acid, 1,2- or 1,3-phenylene diacetic
acid, 1,2~ or 1,3-cyclohexane diacetic acid, isophthalic
acid, terephthalic acid, 4,4-~oxybis (benzoic acid),

_ 4,4-benzophenone dicarboxylic acid, 2, 6-naphthalene

35 dicarboxylic acid and p-t-butyl isophthalic acid.

11. The process of Claim 10 wherein the diacid is
is adipic acid.
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usi ng Scanner 300 software supplied with the UOP/ Gui ded Wave
spect r ONO196/16107 Partial |east squares (PLS) nodel sPeBUSsiE®®l oped 30
usi ng the wavel ength regi on between 1000 nm and 1670 nm The PLS nodel s:

Wﬁre devel oped ]ysizg t the Upg6EEHE! Qfl[lc.lé_lm 1 zﬁ&serpnd_ A Ke a’iamﬁml i md Eor\t/\ﬁy)
chenonetrics software , package fo (0] n t he I rectl.ons s prire Yy e
oeor " CSoRREORERt 19 s TR 450m, W AR PRI CE b t he % open
literature. alipiwatict alRywhixicdr agdratisl danies. of the X-variance

and 97.3% of the Yavariance..j e i bgatd t t | cted the
AR comostti on vian el BroBebBr c1éfh' PiNhOPe bR end lalidtigied the
PCT/ US95h149%9=lected fypmctthe anoyrsEnskstoing widigametdivlened a
correlation g4amig®efdimdtdiy1 Rntd m%t%ﬁ‘& sdiami Madt§Rfai on was done by
predicting corr%%si tion da?g} I@nwi th t'hi sl'lerm'c?enll I}‘-eo'r t he t"g"?’her obt ai ned

spectra. TheeXpmekhjpiens cfaming,s 3majhil hexangthvdene diamdagonded
correctly t @ raiimddIOfE Hedimtdif e dimdme, 2,2 drama- ity (standard
devi ati on of_ caonsecuytive redictio of 0.03%.adi,pi ¢ aci d.
Fur ther _val IREA S SAEs SR X oA, SUARIRS aa o W th this
nodel i hOr eadodecEmehhyenen diamimybh@,eh dmeb(2,Mdyd~-tRdmethyldhi s run the
offoet of alsirepiiifedd WARAY 122 et el W IO
process chamghamethylene dianine amata-xydyleme gigmingdi pi c acid.
paraxylylene diamine, diaminodicyélohexyl methane and
C2-Ci1¢ aliphatic diamines, optionally substituted with
15 one or more alkyl groups. , ' | ‘
14. The process of Claim 13 wherein the diamine is
hexamethylene diamine (HMD).
15. Apparatus comprising a vertical multistage
reactor having a first stage and at least one additional
20 stage equipped with internals, perforated plates, coils .
and agitators, to cause effective contact of
countercurrently flowing vapor and liquid streams.
16. A method of process control comprising a near
infrared activated feedback control system which, on
25 demand, injects an appropriately small amount of
hexamethylene diamine vapor into or near the bottom
stage of a reaction system so as_to-essentially achieve
- acid-amine ends balance. _ )
17. A continuous process for preparing an
30 essentially anhydrous mixture comprising adipic acid and
hexamethylene diamine in a 75-85:15-25 weight ratio
comprising the steps of: : _
(a) heating a heat. stable liquid to about
80°C, | . o
35 (b) adding solid adipic acid,
(c) agitating at about 80°C until a solution
is obtained,

_—

T



, . . o
The nodel obtained in this manner was used to control the conposition

of the ARF. Be@e6rté10m on the val ue of % adi pi c aci d obt ai rraI/USSU499he
desi red val ue, changes in the reactant ratios were nmade. 20
EXAMPLE 1 A ol t endgCiadidingh hékamethylenastsamifie0to828abN the

wei ght of adipic cigad 9%b Lght of , hexangf hyl ene, . . di ami.ne was
suppl i ed continuoagF rFa ?%§é%0%5%$§ggﬁ Vﬁ%ﬂhé adip 9mﬁ%ﬁdVQﬁ¥?Té§h§iﬁﬂﬁ(N.
The reactor was didiamdedei avidp ei ght stages, each. stage separated from

t he stage above and bel ow,i hQriz erfor b€
React or tenperature was cong(\rﬁelal P’«?%)ég'g'gt %;'[e gﬁ%cg.kzrgr é:{)uragbﬁq ligrbad(‘iié t
exi sted, w th 3 heaboptsfl3§2Chewitntagingiteion C e allowingtamynwater at

276l er 1] Li qui dpblQupsl E60BVEREHaZD +5! 20En! fn! EEsdhefel 1! Aihydrddy OuGh

an opening in the arrier that was W a tube eadinq>|nto and
bel ow t he surface®giteRearédrrich mixture compPRESiRg(E5-85:krdwbyi quid

L I ?;M ng ]Eh:ﬁugh thteiaatg gﬂlﬁlégéc\:/m%ex?mé@l@}ié?'ﬁL'iiiétnixﬁéﬁ)vadifr0mthe e
ottom o e reactor. apqr of. hexanet hyl en i ami ne. was_supplie
continuously into the upper(ﬁarFeﬁggggcﬁngéFhPgé&s?ﬁgegexameﬁﬁﬁggn?he-

bott om st age.10rhi diempne andaany5«a88tl15628| ratioviapothemaliteen recid wiictam
formed within the_ke

fl onwed from each E‘i‘ﬁggggg% h'éhgt 33‘3e ah3te Y’%?%ul&%l%en acj'dn-lﬁj[lcﬁ'blfiec?q yisof

smal | holes in thwibhdrawn, thus bringing the vapor into intimate
contact with the liquidg, The process of Claim 17 wherein the ratio of

adipic acid to hexamethylene diamine in the molten acid-
15 rich mixture in step (e) is 81:19 and the ratio of
adipic acid to hexamethylene diamine feed in (f) is
81:19.
19. Process of Claim 1 wherein the molten acid~
rich mixture is provided in a continuous process.
20 20. The process of Claim 19 wherein the continuous
process is the process of Claim 17.

N
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in)the stage above. Vapor flow ng through the top stage 5 was continuously
renoved frowobeiéiop of the reactor. Heat was supplied at maoisosif®e t O
prevent the formation of solid material. The liquid | eaving '
the bottom of the vessel was anal yzed and found to have a carboxyl end
content 10 between 69 and 156 gram equival ents per mllion granms of
sanple, an am ne end content of between 38 and 136, and a Relative
Viscosity of between 18 and 28 (as neasured at 25[err]C as a 8.4% by
wei ght solution in a sol vent consisting of 90% form cid and 10%

wat er and conpared 15 wth the viscosity of the sol vent § 25[err] Q).
Based on the end group content, the nunber average maliecul ar wei ght
of the polyner rmoduct was 10, 500. The vapor Ir%ﬁl ng the top of
the reactor was um anal yzed and found to contain |ess tﬁﬁ 100 parts per
20 mllion by ht of hexanet hyl ene diamne. This a | oss of

di am ne of 0.00 parts by wei ght per part of pol . Typi cal
comerci al proc s for making nyl on 66 | ose bet_vve%‘ﬁ 001 and & 002
parts of diam nQ,, per part of polyner produced. 25 A rml
acid-rich m xtug gconsi sting of 81% by wei ght of acE c acid ang %
by wei ght of hemmt hyl ene di am ne was supplied con ously to top
of a verti czﬂ eactor at a rate of approxinately 9l EEOO | b) 30

hour. The react™dy was 39.4cm(15.5 in) in internal danet er and out
5.2 neters(17 ft)high. It was divided into eig ach
separated fromt st age above and below it by hori,zont gl perf orjat ed
barrier. Liquid flowed fromeach stage to the sfage Rel ow}t hrough Jan 35
opening in the barrier that was fitted with a tube | gadi ng i nto ard
bel ow the surfacg of the reactiogy 4 Xtge ipathe stage _beliqy Ligyid
fl owi ng through the bottjom stpge \Ts cortl nu])usl ylre Ted fr]omthe

bot t om of REPLACEMENT} SHEHT
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) . : :
t he reactor. Vapor of hexanethyl ene di am ne was suppl i ed continuously

into the upy of each of the t hree stages above the ge.
Total flow gf?ﬁéﬁi@i am ne was approximately 40.5 kg (89 | bs) [l)’g? gﬂ&l&S
Thi s vapor and any additional vapor of diam ne or steam formed within
the reactor flowed fromeach stage to the stage above through a
multiplicity of small holes in the barrier, thus bringing it into
intimate contact with the liquid in the stage above. Vapor flow ng
through the 10 top stage was continuously regoved fromthe top of the
reactor. Heaty,\ supplied to each stage as rg%r ed to prevent the
formation of material. The palpynmeric pao t | eaving the bottom
of the react o g_sed through & ength © he mg)re bei ng sanpl ed.
The 15 aver ©fdence tinme in tHe_pipe /agFooukd & x m nut es, which
provi ded ti megd OrGpA@i tional reactig The | i:q-\%The liquid Ieaving
the end of the 3 ®eanas anal yzgd ad?und to S aver age car boxyl
end corit em 1.5 (plus or @ nksx®} gram e%@eﬁents per 20
mllion gra |l e, an averag] qam ngy ndgo&teg.—df’ 71 (plus or
m nus 13), an® rage Rel ative Ws@osft\ fmof N 1 (plus or ninus 3);
t he RV was caﬁ,ﬂ t ed based on the sum ctﬂ,_hla @oxyl and am ne ends
using a sﬂuﬁ%d formul a. Based on the enggdrjougaontent, the gp
nunber avera@ ecul ar wei ght of the pol ynerXproduct was 10,
These results re obtained during a period of conti nuous operg n of
31 hours. : Ja
>a
mg © N Q) <
| II_NHNHNINJwJ =
‘ W \

W

T

.

|
2._._
3____
4|
=
5.__
.
6
7—
8_.._

AGITATOR
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REPLACEMENT SHEET 21 mo 96/16107
PCT/ US95/ 14991 What is clained is: 1. A process for the
manuf act ure of dinononeric . pol yam de which process conprises the steps
of : providing to a first reaction stage of ‘a 5 _
nul ti st age reactéﬁhelhﬁﬁﬁﬂy-étﬁﬂﬁs@ dsagenthpugnelyr rappEed at Hheli bromoh
stages a process g+t rtefanr@grmrdrm ng a nolten diacid or a nolten

2ol d- ot Xt ure oML o108 el hlgangl da28 R e
stage and at | eastfordrismuomsdy intor ehet uppest pget of each of three€)stadqésli ng
o) P O0e8S SIS B con, ochRe! AREChabl L83CLAGTsRAT0RGbEVOnd
ei ther a vapor ovapotl Df ﬂQQMlQR pirqakdam formed within tihe reaetonl|ing
the bal ance of aGiidwaN& @MW BAch stage to the stage above through a
multiplicity of small holes in barrier 25, thus bringing
the vapor into intimate contact with the liquid in the
10 stage above. Vapor flowing through the top stage is
continuocusly removed from the top of the reactor. Heat
may be supplied at each stage by means of heat sources
19-24 to prevent the formation of solid material.
EXAMPLES
15 Near-Infrared Monitoring: Pre-polymer Method I

In monitoring the exit stream from the column, the
goal is to first measure then control the ends balance
and the conversion. In the case of the preferred
embodiment, the preparation of nylon 66, the ends

20 Dbalance and the conversion are specified by determining
any two of the following: amine ends concentration
([A]), carboxyl ends concentration ([C]), difference of
ends (DE or [C]-[A]) and sum of ends (SE or (Cl+([Al).
Polymer relative viscosity (RV) can be used in place of

25 sum of ends. The analysis and control may be carried
out essentially continuocusly.

In a demonstration of the preferred process, the
preparation of nylon 66, near-infrared spectra of the
pre-polymer melt were obtained using a UOP/Guided Wave

30 Model 300P near-infrared spectrométer. A pair of 14x 0.64
cm (5.5"x0.25") diameter sapphire-windowed optical transmissi_on
probes (UOP/Guided Wave), available from UOP/Guided
Wave, El Dorado Hills, CA, were inserted direcﬁly into
the exit stream of the column using a NIR cell located

35 at the exit of the column. The NIR cell consisted of a

" block of 316 stainless steel through which perpendicular
holes.had been drilled; the pre-polymer melt flowed
through a 5 mm diameter channel the length of the cell;

REPLACEMENT SHEET
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ends in the resul ting di nononeric pol yam de by an appropriate control .
system and e) mai ntai ning the tenperature of the first 20
reaction stage and any further stages at a sufficiently hi gh
tenperature to k id fromformng in the eaction apparatus.

2.  The processggg %ﬁLPﬁP eﬁhg?ﬁ?nl?g%rmﬁét??ﬁ@ﬁﬂé‘culqiwﬁﬂ 1§ SX¥i pped
with internals tandaheddefihepllave @5thcoohag® 6itahpgsomahaefactuead! yy
flow ng di am ne @ l@agt nesLpch v ' e id or id-rich
brocess stream Conax BHEBTIBCREES, L2905 whickd brdRie ThAEHAS SE Tl
manuf actured is péﬁ;éhendnﬁanyeeﬁe(auPpapﬁdeyglsg Thel optéerl and wherein
the process sfreparffiedb®R ba8tween CRIPHLIGESs s BAbAM P4 GurdCl Grfy A 1ol ten

adi pi ¢ aci d- rich mxture conprising adipi ¢ acid and hexanet hyl ene
di ani ne and the RE3APEARETEI UAFRPEIFPDRFRUBAIRE igtock <kl (The s
hexanet hyl ene di pobesadded ebhhettéd ©o Hhe VePOit Komeak diexasRicyl enedi ami ne

ich 1iquid. 4. h d aij whey ej .
manuf actur ed is B8 PERERAnE IR KR SH: P g oneee Fifrast) St ther i n

t he process stredabet spepc(apble (UOP/Guided Wave). 22 WO
96/ 16107 0 During a three ?a% test runf{gééfﬁgﬁﬁﬁ' ared
Ic acird or a nolten adiplic acld- rorch mxture

conprises nolten ad[g ' !
conpri si ng adi pi BoRétAraRd REREABR(W§$ cPreogrammer 4R rRuteRE L Ira Hdatigdagnal

di am ne conponenhngddgdei An absosb&Rcé C%pé&ﬂﬂxa(ﬂ@ya%dqﬁ e e fRdeed

either as a 5 vapor.or a hexanet hyl enediam ne rich_J]i quid.
o% th Y s

e pre-polymer 'melt once every five minutes. At
roughly fifteen minute intervals, discrete samples were
15 taken at the exit of the column (a few inches beyond the
NIR cell). The samples were analyzed by titration to
determine the acid and amine end concentrations, [C] and
[A]. See Volume 17 of the "Encyclopedia of Industrial
Chemical Analysis"™ published by John Wiley and Sons
20 (1973), page 293. The lab results were reported as acid
and amine ends, in meq ends/kg polymer, to the nearest
0.1 end.
At the conclusion of the test, the NIR spectra
nearest (within 5 minutes) in time to each of the lab
' 25 samples collected were extracted from the spectra in the
data set to give a calibration set of 26 samples. The
calibration set spanned a range of 100 to 400 amine ends
and 50 to 170 acid ends. The calibration spectra were
smoothed and baseline corrected using Scanner 300
30 software supplied with the UOP/Guided Wave spectrometer.
Partial least squares (PLS) models were developed
using the wavelength region between 1000 and 2100 nm.
PLS models were developed using the Unscramblei® (Camo
A/S, Trondheim, Norway) chemometrics software package
35 following the directions supplied by the vendor. The
use of PLS models is widely known and taught in the cpen
literature. |
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5. The process of Claim3 wherein the nultistage .reactor is vertical
and wherein the nolten acid-rich ~m xture of step (a) conprises

approxi mately 81% by - weight of adipic acid and approxi mately 19% by
wei ght of 10 hexanet hyl ene di am ne. 6. The process of Claim4
wherei n the nul t PE¢IReéYmer mele nergrohtained Uséng 2HAP{frdfed FavRMasslt TP

acid-rich Mh¥isHiae e real eﬁedt&bmmprlﬁgslamﬁ QX i et @k Yerfi5%8 D% 0.25m)
wei ght of adipic aC| and aggrom tely 19% by wei ht of 15 hexagrgG Ie ne

di ani ne. dianpter e e N Y S

essenti al ly at nowaher nwer@rmsetxr@ into sapphireBwindo¥he gradsbss eteddl ains 1 or

2 nerein the | raifRLEd SYSLEMLE jSLend dh i SRt Mared 6] vabed

20 feedback contro ystem enan I nj ec ropr ately
smal | anmount of nekar%t hiHee peckfisadid@ot dinggphy. qontaﬁtouthﬁesme-pmrbetm%m

stage of the rea@gé Q!%ll wassﬁéalt?é@ 59 e 581, esﬁﬁé‘t&'p@iééi %ﬁbﬂxfe\f@t@cﬂe@wééll ne
ends bal ance. The process of aiml Claim?2 wherein

t he diacid i Eh%éﬂrQE?%d’aPr%rﬂ“‘t' heﬂﬁr Bﬁ?PeéoH%‘f%FPWbe"G‘Fd to thej phati c,
alicyclic or arospédtxofiet dS:Lng about 100 xﬂe@_era"hff paama sno‘o ﬁ.@tdﬁeQeﬂ\her ein

the diacid i seete.d | ut r|c suberic acid,
30 sebacic lZ)m d(macor e %lngl gﬁl?f i wf&gb&g aVé) hexane

di carboxylic acid, 1, Z‘heoneéxsa-plﬁeayeénmom.’aeein@ SYSt'a!cl'daS 191209mmmed
1, 3-cycl ohexane gbaﬁﬁibg}a’é%gllgSQ@%ﬁ h@ﬁacsave &% ghsd 85 c}ﬁﬁdd

4, 4- oxybi s (benzoi ¢ aci enzophenone di car%ox l'1c aci
2, 6- napht hal ene éBhedFHQFﬁﬁﬁyPﬁcsa%?%lnﬁ)ndof) @h%ﬁﬁ'ﬁ%mﬂ%dﬁkt KA%¢

11. The process ebethaEmEtlenhRifbbes he Oheé€i g4h itour discreieifanglias
23 . 15 were taken at the pelletizer at the end of the transfer
line. The samples were analyzed by titration to
determine the difference of ends, DE, and the amine end
.concentration, [A]. The lab results were reported in
meq ends/kg polymer or "ends" to the nearest 0.1 end.

20 Over a four day period, the NIR spectra nearest
(within 5 minutes) in time to each of the lab samples
collected were extracted from the spectra in the data
set to give a calibration set of 67 samples. The
calibration set spanned a range of -167.0 to +81.0

25 difference of ends and 33.0 to 221.4 amine ends. The
calibration spectra were smoothed and baseline corrected
using Scanner 300 software supplied with the UOP/Guided
Wave spectrometer. _

Partial least squares (PLS) models were developed

30 using the wavelength region between 1504 nm and 1576 nm.
The PLS model was. develdped using the Unscrambler® (Camo
A/S, Trondheim, Norway) chemometrics software package
following the directions supplied by the vendoi. The
use of PLS models is widely known and taught in the open

35 literature.

For difference of ends, a two-factor PLS model -
explained 99.1% of the X-variance and 95.2% of the
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12. The process of Caim1 wherein the dianne conponent is selected

fram the group consisting of . aliphatic, alicyclic or arorrati C

di am nes. e o f e t ne is 5
flowtd: £rdfl eQ{:Rngé% é’h%éj @ﬁ%"héfai‘@ di5Pe |a 32 et hyl

selected fromt h;ﬁ&rou consl s
pent amet hyl enedi Bdplacikbyhgf small h@hﬁ%tmlm Yok zoopd. vy, Gilmat hyl

hexamet hyl ene di ﬁﬂ"lﬁ@ﬂ.ng the2vBp8k NEAEY| i hEKRLEL %&E@c@@mmeahe liquid
2, 2-di et hyl - anmet hyl ene di am ne, ? { Inonane d| am ne, 061
tF1om 'h%//

dodecanet hyl ene &f‘aﬁ?‘ﬁes’t?gﬁ aboxg 2Vapor | through £he iR, | shage
di ani nes, 2, 3% 7 i’rasebbalmhbphsly remcYédef fyh etfice Chc&;mcnﬁ tmtﬁea«ydw ene

di am ne, I n e,, di n cl ohex td ane and

C2-C16 ali phatlc ?ém}zégsguggi%ﬁaﬁ éé‘ '%9%%% aovﬁ“f% efg@ Ohe T TRTSD

al kyl groups. of Solldlmatémeabrocess of Claim 13 wherein the diamne is
hexanet hyl ene di am newh@'\@hqum 1?avmgléheﬁﬂaeeaﬁluafca@r+éé§&1 Juygrtical

mul tistage react or havi ng | rst”stage and east one additional 20
stage equi pped wWRPRLIYREEr ARAsIORREfEP Bave 7 faPoxst |1and contgnt agit at or s,

to cause ef fl&ﬁ'b@t%@éhasb aﬁd 155@%&%@@{&@1@:&% fﬁ@ﬂ“rﬁ‘ﬂlﬂl&ﬁﬂgﬁ'ﬁ% ldgqui d

streans. rocess congrol r
infrared activat 38‘“? 8db38ka@bﬂ?r%‘l’ s?,%?‘é?ﬁ%‘?%r?etb"{-ﬁ é%earfgqlgif 'njaé’éits an
appropri ately smal Redabiime Ulscositexafrehdybesre I8 aand2& afas nedsuneEd near

the bottom S %55’6 é‘s?%’%@%@ﬁé%ﬁé c?fuéor?sfr?”é?chfxy AChi eve

aci d-ani ne ends bal ance 1 AUOUS process Tor preparing
an 30 essential P?néhﬁyéngugfrﬁ% ufermieretd mpddi G waksn andl compared

hexanet hyl eng d'ﬁﬂtﬂetha 61350§5t}5o§5tﬂé'QSivéﬁé'Qt 25°C) . Based on
the end group content, the number average molecular
weight of the polymer product was 10,500.
The vapor leaving the top of the reactor was
analyzed and found to contain less than 100 parts per
20 million by weight of hexamethylene diamine. This means
a loss of diamine of 0.000016 parts by weight per part
of polymer. Typical commercial processes for making
nylon 66 lose between 0.001 and 0.002 parts of diamine
per part of polymer produced.
25 EXAMPLE 2
A molten acid-rich mixture, consisting of 81% by
weight of adipic acid and 19% by weight of hexamethylene
diamine was supplied continuously to the top of a
vertical reactor at a rate of approximately 91kg (200 1b)
. 30 per hour. The reactor was 3%9.4cm(15.5 in) in internal
diameter and about 5.2 meters(17 ft) high. It was divided
into eight stages, each separated from the stage above
and below it by a horizontal perforated barrier. Liquid
flowed from each stage to the stage below through an
35 opening in the barrier that was fitted with a tube
leading into and below the surface of the reaction
mixture in the stage below. Liquid flowing through the
“bottom stage was continuously removed from the bottom of
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) .
conprising the steps of: (a) heating a heat stable liquid to

about 80C, 35 (b) adding solid adipic acid,
(cy agitating at about 80C until a solution i s obtained, WO
96/ 16107 149971

USo
(d) adding hexarret%ylrgr?gtal am n aPPs ?5 h%x?lﬂethyfgé é éAH’%SwaS?S 15-25 by
wei ght adi pi ¢ acisgppdigdecihprénaously Hhbdi blee rupper Part of each of (thle

heating the m xt %%e%osahgug ;38Ler£ﬂ1§ bOttom SO . 13pbEL 1B owid

agitation, while allow ng-any water ent to evaporate to form an
essentially anhyd’ﬂ-é‘ﬂ’é-ne WaﬁDF?Eﬁoéé‘F‘ﬂtﬂ%h‘*%§<t’EHe(%%n£?$)S|EEF ARWs: 15- 25

by wei ghts ad'rmh@ a&pdrhaharrahbyéa@etﬂ@mnea &Abf diamine or ste(afra

f eedi ng adi pic a%l %d E%(me};ggl ene %n an ?7%'85 15- 25 r tioto
the nolten acid FEEASS WHkPur8®af*2h °§ °‘P’% R3Ot TP

feed is w t hétage. above throu@B.aTmelpip]:bejstpfoﬂ stnad 1 haotless enm tﬂhae
rati o of adi | d e e ' €q 5
rich mxture in %t gﬁq Eﬂuglé§gﬁg@é§ gg oﬂ%ilﬁhé@ G&PAC amﬁhg th]e
hexaret hyl ene di émdr dadthe §t7.gesabove81 ‘i@or flowing qurowrbctés% of

Caiml whergin the %‘E'ab%“wﬁ%' ébnt:.nuéthi‘y N e&hevEd | Srdih & athg b the
conti nuous process. 8}' ocess of Claim19 wherein the

cont i nuous pF&é€§§r| s flﬁétp?’ﬁﬁe?ép ieg ofn 93ch stage as required to

prevent the formation of solid material. The polymeric
material leaving the bottom of the reactor passed
through a length of pipe before being sampled. The

15 average residence time in the pipe was about six
minutes, which provided time for additional reaction in
the liquid. The liquid leaving the end of the pipe was
analyzed and found to have an average carboxyl end
content of 111.5 (plus or minus 20) gram equivalents per

20 million grams of sample, an average amine end content of
71 (plus or minus 13), and an average Relative Viscosity
of 25.1 (plus or minus 3); the RV was calculated based
on the sum of the carboxyl and amine ends using a
standard formula. Based on the end group content, the

25 number average molecular weight of the polymer product
was 10,960. These results were obtained during a period
of continuous operation of 31 hours.
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