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(57) Abstract: A concentrating method and a concentrating system for concentrating polyisocyanate residues that that can effec-
tively concentrate polyisocyanate residues from crude polyisocyanate comprising polyisocyanate and polyisocyanate residues in a
short time and can also suppress increase in viscosity to provide stable transport of the residues and prevent blockage of the transport
& line, and a treating method and a treating system for decomposing the concentrated components to polyamine. The polyisocyanate
& residues are first heated on the boil by the distiller to be concentrated to a midterm concentrating rate, and then, the polyisocyanate
residues are concentrated to the final concentrating rate by evaporation using a evaporator. This can allow the polyisocyanate residues
to be decomposed to polyamine to be recovered by setting a Cl content of a high boiling point distillate fraction concentrated to be not
more than 2 weight% and then putting the high boiling point distillate fraction into contact with high temperature and high pressure

water to be hydrolyzed by the decomposing apparatus.
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DESCRIPTION

Concentrating method, treating method, concentrating system and treating

system for polyisocyanate residues

Technical Field
The present invention relates to a concentrating method, treating
method, concentrating system and treating system for polyisocyanate
residues. -More particularly, the . present invention relates to a
concentratmg method and a concentrating system for concentrating
polylsocyanate residues from crude polylsocyanzite comprising
polyisocyanate and poly1socyanate residues, and to a'treatmg method and a
tlg'eating sysfem for decompoAsing‘gr the obtained concentrated components to
polyamine.
Background Art
' Polyispcyanate, used as a raw material of polyui'ethane, is industrialiy
produced, fc;r example, by aﬂowing polyamiﬁe td ‘react with /earbonyl
chloride for isocyanate reaction. | |
In such a producing of polyisocyanate, after completionﬁ ;f the
isocyanate reaction, high-molecular-weight polyisocyanate, which 'is
byproducts produced as residues are heated and concentrated by distiliﬁfior;
operation thereby to be separated from the crude polyisocyanate (cf. Patent
Document 1, for example).
Meanwhile, it is known that the crude polyisocyanate containing

polyisocyanate residues is undesirably subject to thermal polymerization,
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such as dimer reaction, trimer reaction, and carbodiimide reaction, by the
application of heat. In the distillation operation, while polyisocyanate is
distillated together with a Cll-containing gas secondarily produced, such as
hydrogen chloride and carbonyl chloride, the polyisocyanate residues are
concentrated. While being concentrated, the polyisocyanate residues are
thermally polymerized as described abové and increased in viscosity, to
cause unstable transport of the residues and further a possible blockage of .
the transport line.

Meanwhile, an evaporation operation using a thin film evaporator is
known as a refining technique for an organic cpmpound susceptible to
thermal polymerization and is widely used industrially.

Further, in i'ecent }.fears, there have been proposed methods wherein
the residues produced is continuously fed to a reactor vessel in 'its liquid
state or solution state, while also high-temperature and high-pressure water
is continuously fed to the reaction vessel, with temperature of the reaction
vessel controlled to 196'3OQ°C, whereby the residﬁes are decomposed to
polyamine and the polyamine is recovered (cf. Patent Document 2, for
example). |

[Patent Document 1} Japanese Unexamined Patent Publication No.
2002-518369 |

[Patent Document 2] Japanese Unexamined Patent Publication No.
Hei 10-279539
Disclosure of the Invention
Problem to be solved by the invention

When the high-molecular-weight polyisocyanate, produced as the
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residues are concentrafed from the crude polyisocyanate obtained by the
evaporation operation using.,r a thin film evaporator and the like, the time
required for the concentratioﬁ can be made shorter than when concentrated
by the distillation opex.'ation. As a result of this, a heat history of the
residues can be reduced, and thus the thermal polymeri’zation thereof can be
suppressed.

" However, in the evaporation operation, the Cl-containing gas in the
residues, such as hydrogen chloride and carbonyl chloride, cannot be
removed sufficiently. As a result, due to the remaining Cl-containing gas,
such as hydrogen chloride and carbonyl chloride, the residues are
polymerized and increased in viscosity during transport of the residues and
at 10cation§ Whére thé residues are temporarily stayed, then causing
unstable transport of the residues and further a possible blockage of the
transport line.

It is an object of the pi‘esent- invention to provide a concentrating
method and 'syst‘em for concentrating polyisocyanate -residues that c'an
effectively c‘oncentvrate polyisocyanate residﬁes from crude polyisocyanate
comprising poiyisocyanate and polyisocs;anate residues.in a short time and
can also suppress increase in viscosity to provide stable transport of the
residues and prevent blockage of the transporf line. It is another object of
the present invention to provide a treating method and systerﬁ for
decomposing the obtained concentrated components to polyamine.

Means for solving the problem
The present inventioﬁ provides ' a concentrating method for

polyisocyanate  residues from crude polyisocyanate containing
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polyisocyanate and polyisocyanate residues, which comprises a first
concentrating process of concentrating the polyisocyanate residues from the
crude polyisocyanate to a mi&term concentrating rate on the way to a final
concentrating rate by heating thé 'crude polyisocyanate on the boil, to obtain
a first concentrated component, and a second concentrating prdcess of
concentrating the first éoncentrated component concentrated in the first
concentrating process to the final concentrating rate by evaporation, to
obtain a second concentrated component. |
According to this concentrating method, the crude polyisocyanate is
heated on the boil in the first concentrating process. This can provide the
treating time required for not only the polyisocyanate but Cl-containing gas
secondarily prodﬁced, sﬁéh as hydrogen chloride and carbonyl chloride, to be
distilled while the polyisoc&anate residues are concentrated. Besides, in
the first concentrating process, the crude polyisocyanate 1is only'
concentrated to the midterm concentrating rate on the way to the ﬁpal
'concenfrating rate. Hence, the thérmal polymerization of the crude
- polyisocyanate can be suppressed. The thermal polymerization of the
crude polyisocyanate includes reaction 0:f polyisocyanaté with polyisocyanate
residues. In fhe case where this reaction is a second-order reaction, when
polyisocyanate and polyisocyanate residues are equal in amount,
polymerization is promoted most. Further, as the polyisocyanate residues
are concentrated, a viscosity of the concentrated solution is increased
significantly. When the treating time required for the Cl-containing gas
secondarily produced, such as hydrogen cﬂloride and carbonyl chloride, to be

distilled together with polyisocyanate is given in' the state where the
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polyisocyanate residues are concentrated to the final concentrating rate, in
addition to the thermal polyﬁaerization of polyisocyanage and polyisocyanate
residues, temperature of a he;ating medium rises due to contamination of a
reboiler, reduction in coefficient of heat transfer, and increase in boiling
point caused by increase of the polyisocyanate residueés. This may cause
the blockage of the reboiler and a transport line.

- Then, in the second concentrating process, the first concentrated
component obtained in the first concentrating process is concentrated to the
final concentrating rate by evaporation. Since the Cl-containing gas, such
as hydrogen chloride and carbonyl chloride, is already removed from the
ﬁrsi_; concentrated component in the first concentrating process, increase in
viscosity of 't‘hé polyisocyanate residues caused by the remaining
Cl-containin?g gas, such as h&drogen chloride and carbonyl chloride, can be
suppressed. Besides, as the polyisocyanate residues are evaporated, the
time required for the concentration can be shorten so that the heat history
can be redtiéed and thus the thermal polymerization thereéf can be
suppreséed. |

As a result of this, in this methoéi, the polyisocsranate residues can
effectively bé concehtrated from the crude polyisocyanate in a short time.
Besides, by suppressing the increase in viscosity, a stable transport of the
polyisocyanate residues can be provided, while a possible blockage of the
transport line can be prevented.

In the concentrating method for polyisocyanate residues of the present

invention, it is preferable that a concentra‘ting rate of the first concentrated

component is set so that a concentrating rate of the polyisocyanate is 95-60
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weight% per 100 weight% first concentrated component, and é
concentrating rate of the polyisocyanate residues is 5-40 weight% per 100
weight% first concentrated éomponent, and that a concentrating rate of
the second concentrated component is set so that a concentrafing rate of
the polyisocyanate is 10-59 weight% per 100 weight% second concentrated
component, and a concentrating rate of the polyisocyanate residues is' 90-41
weight% per 100 Weight% second concentrated component.

In the concentrating method for polyisocyanate residues of the present
invention, it is preferable that the crude polyisocyanate is heated at
155-190°C in the first concentrating process.

' 4In the concentrating method for polyisocyanate residues of the present
invention, 1t is | preferéble that the first concentrated component is
evaporated using a thin film evaporator in the second concentrating process.

In the concentrating method for polyisocyanate residues of the present
invention, it is preferable that a Cl content of the second concentrated
component is not more than 2 weight%. |

"When the Cl content of the second concentrated component is not more
than 2 weight%, the increase in viscosity of the residues can be prevented
effectively.

Thé present invention provides a treatiﬁg method for polyisocyanate
residues wherein a second concentrated component obtained by the
concentrating method for concentrating polyisocyanate residues described
above is put in contact with high temperature and high pressure water,
whereby it is decomposed to polyamine. ‘

The present invention provides a treating method for polyisocyanate
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residues wherein crude polyisocyanate comprising polyisocyanate and
polyisocyanate residues and having a Cl content of not more than 2 weight%
is put in contact with high temperature and high pressure water, whereby it
is decomposed to polyamine.

According to these treating methods, since the second concentrated
component having a Cl content of not more than 2 weight% is decoﬁaposed to
polyamine by being put in contact with high temperature and high pressure
water, polyamine can be recovered at a high recovering rate.

The present invention provides a concentraﬁng system for
polyisocyanate residues, which comprises a distiller for concentrating
polyisocyanate  residues ~from crude polyisocyanate comi)rising
polyisocyanate and pol‘yisocyanate residues fo a midterm concentrating rate
on the way to a final concentrating rate by heating the crude polyisocyanate
on the boil, to obtain a ﬁrst cbncentrated component, and an evaporator,
connected to the distiller, for concentrating the first concentrated component
concentrated in the distiller to the final concentrating rate by evaporation,
to obtain a second concentrated component.

According to this concentrating system, the crude polyisocyanate is
heated on the boil in the distiller, first. This can provide the treating time -
required for not only the polyisocyanate | but the Cl'containing. gas
secondarily produced, such as hydrogen chloride and carbonyl chloride, to be
distilled while the polyisocyanate residues are concentrated. Besides, in
the distiller, the crude polyisocyanate is only concentrated to the midterm
concentrating rate on the way to the ﬁnai concentrating rate. Hence, the

thermal polymerization of the crude polyisocyanate can be suppressed.
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Then, in the evaporator, the first concentrated component obtained in the
distiller is concentrated to the final concentrating rate by evaporation.
Since the Cl-containing gaé, such as hydrogen chloride and carbonyl.
chloride, is already removed in the distiller, increase in viscosity of the
polyisocyanate residues caused by the remaining Cl-containing gas, éuch as
hydrogen chloride and carbonyl chloride, can be suppressed. Besides, as
the polyisodyanate residues are evaporated, the time required for the
concentration can be shorten so that the heat history can be reduced and
thus the thermal polymerization can be suppressed.

As a result of this, in this concentrating system, the polyisocyanate
residues can effectively be ;:oncentrated from the crude polyisocyanafe in a
short'time. Besides, by suppressing the increase in viscosity, a .stable
transport of the polyisocyanate residues can‘ be provided, and a possible

blockage of the transport line can be prevented.

In the concentrating system for polyisocyanate residues of the present

' invention, it is preferable that the evaporator-used for obtaining the second

concentrated component is a thin film evaporator.

The present invention provides a i':reating system for polyisocyanate
residues, which comprises the above-described concentrating system for the
polyisocyanate residues, and a decomposing apparatus for putting the
second concentrated component obtained by the concentrating system in
contact with high temperature and high pressure water, so that it is
decomposed to polyamine.

)

According to this treating system, since the second concentrated

component is put in contact with high temperature and high pressure water,
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whereby the second concentrated component is decomposed to polyamine,
polyamine can be recovered at a high recovering rate.
Effect of the invention | |

According to the concentrating method and system for polyisocyanate
residues of the present invention, polyisocyanate residues can be effectively
concentrated from crude polyisocyanate in a short time. Besides, by
suppressing the increase in viscosity, a stable transport of the
polyisocyanate residues can be achieved, and a possible blockage of the
transport line can be prevented.

Further, according to the treating method and system for the
polyisocyanate residues of the present invention, polyamine éan be
récovered at a high recox'fering rate.

Brief Description of the Drawings

FIG. 1 is a schematic block diagram showing an embodiment of a .
treating éystem for polyisocyanate residues of the present invention.
Explanation of nurqér‘als |

1: Treating system

2: Concentrating apparatus

3: Decomposing apparatus

4: Distiller

5: Evaporator .
Embodiment of the Invention

FIG. 1 is a schematic block diagram showing an embodiment of a
treating system for polyisocyanate residués of the present invention.

In FIG. 1, the treating system 1 includes a concentrating apparatus 2,
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and a decomposing apparatus 3 connected to the concentrating apparatus 2.
This treating system 1 is equipped in a producing plant for polyisocyanate,
for the purpose of concentrating polyisocyanate residues (distillation
residues) from crude polyisocyanate (unrefined polyisocyanate) produced in
a subsequent process of a producing process of polyiéocyanate and then
decomposing the concentrated composition to polyamine by high
tem.perature‘ and high pressure water.

The concentrating apparatus 2 includes a distiller 4 and an evaporator
5 connected to the distiller 4. The distiller 4 is provided with a distillation
column 6, a heating unit (reboiler) 7, and a cooling unit 8. ‘

‘The distillation column 6 may comprise either a simple distiﬂation
column, or a plate column or a packed column designed to have required
fheoretic'ail stages. A feed pipe 9 for feeding crude polyisocyanate is
connected to a vertically intermediate portion of the distillation column 6.

The crﬁde polyisocyanate includes, in addition to polyisocyanate
prdduced by reaction ‘o'f carbonyl chloride with polyalhine in the producing
proceéé, polyisocyanate residues; and Cl-containing gas such as hydrogen
chloride and carbonyl chloride, and a réaction compound of polyisocyanate
with Cl-containing gas, such as hydrogen chloride and carbonyl chloride,
which are secondarily produced by the _séme reaction. The crude
polyisocyanate is fed to the feed pipe 9 after reaction solvent is removed
from the polyisocyanate produced in the producing process in a desolvating
process.

Polyisocyanates that depend on éolyisocyanate produced by a

producing plant include, for example, polymethylenepolyphenylene
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polyisocyanate (MDI), tolylene diisocyanate (TDI), xylylene ‘ diisocyanate
(XDI), tetramethylxylylene diisocyanate (TMXDI), bis(isocyanatomethyD
norbornane (NBDI), 3-isocyanatomethyl-3,5,5-trimethylcyclohexyl
isocyanate (IPDI), 4,4-methylenebis(cyclohexylisocyanate) (H3sMDI),
bis(isocyanatomethyl)cyclohexane (HeXDI), and hexamethylene diisocyanate
(HDY).

' Polyisocyanate residues, which is content of tar containing primarily of
high-molecular-weight polyisocyanates, include dimer, trimer, carbodiimide,
uretodion, uretoneimine, dimers containing isocyanurate groups and
multimeric complexes of at least trimers containing isocyanurate groups, of
polyisocyanate. |

The crude polyisocyanate has a polyisocyanate content of e.g. 99-80
weight% and polyisoéyanate residues contents of e.g. 1-20 weight% per 100
weight% crude polyisocsfanate. The crude polyisocyanate has a content of
Cl-containing gas, such as hydrogen chloride and carbonyl chloride, of 0.05'5
weight% in terms of a Cl content‘ (which is determined by total Cl
measurement ‘pursuant to JIS K 1556, provided, however, that when the
crude polyisocyanate comprises a solvenf containing a Cl group, a Cl content
resulting from the solvent is deduced from the total Cl measurement value.
The same applies to the following measuremeﬁt). It is to be noted that the
solvent need not necessarily be removed completely from the crude

polyisocyanate, within the scope of the effect of the present invention not

being decreased. The crude polyisocyanate may contain the solvent to the

!
extent equal in amount to the crude polyisocyanate.

An upstream end of a bottoms take-out pipe 10, through which bottoms
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containing the polyisocyanate residues are taken out from the crude
polyisocyanate, is connected to a bottom of the distillation column 6. An
upstreanri end of a distillate solution take-out pipe 11, through which a
distillate solution containing primarily polyisocyanate is taken out from the
crude polyisocyanate, is connected to a top of the distillation column 6.

A heating unit 7 includes the bottoms take-out pipe 10, a
heat-circulation line 12 whose upstream end is connected to the bottoms
take-out pipe 10 and whose downstream end is connected to the bottom of
the distillation column 6, and a heater 13 interposed in the heat-circulation
line 12. The heater 13 comprises a heat exchanger to which heating
medium is supplied. Ip the heating unit 7, a heating temperature 'of the
heater 13 is adjusted to e.g. 155-190°C to {Jvhich‘ the bottoms to circulate
along the heat-circulation line 12 is heated. Alternatively, the heatihg'unit
7 may comprise a tank or én agitator tank having a heating means, such as
a jacket or a coil to which the heating medium is supplied. In this
arrangement, the feed pipe 9 to which the crude polyisocyanate is fed may
be connected to the tank or the agitator tank having such a heating means.

A cooling unit 8 includes the distilla:;te solution take-out pipe 11, and a
cooler 14 interposed in that pipe 11. If necessary, a cool-circulation line 15
whose upstream end is connected to the distiliate solution take-out pipe 11
at a location downstream from the cooler 14 and intermediate the distillate
solution take-out pipe 11 and whose downstream end is connected to the top
of the distillation column 6 may be provided. A flow regulating valve 15a
for regulating a flow of the distillate siolution back to the top of the

distillation column 6 is interposed in the cool-circulation line 15.
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The cooler 14 comprises a heat exchanger to which cooling medium is
supplied. A vacuum line 16 is connected to the cooler 14, and an ejector or
a vacuum pump, not shown, is connected to the vacuum line 16, to reduce
the pressure in the distillate solution take-out pipe 11 and in turn the
pressure in the distillation column 6. In the cooling unit 8, the ‘cooling
temperature of the cooler 14 is adjusted to e.g. 30-140°C to cool the distillate
solution.

In this distiller 4, the crude polyisocyanate is fed from the feed pipe 9
to the distillation column 6 or the tank or the agitator tank having the
heating means of the heating unit 7. An inner pressure of the distillation

—column 6 is reduced to 0.05-30kPa to boil\polyisocyanate. Besié.és, the
distillation columﬁ 6is h.eate,d ét the bottQmAat e.g. 155-190°C, or preferably
160-190°C, by the heating unit 7; As a result, polyisocyanate contained in
the crude polyisocyanate ié heated while being boiled at the bottom of the
distillation column 6. On the other hand, tile distillation column 6 Ais cooled
down at the top thereof by the cooling unit 8, to cool dbwn the boiling and
rising polyisocyanate in temperature to e.g. 30-140°C, or preferably 40-120°C.
As a result, the polyisocyanate is con(iensed and theﬁ 'taken out as the
distillate solution.

Thus, the polyisocyanate residues are éoncentrated from the crude
polyisocyanate at the bottom of distillation column 6. Then, | the
concentrated components (first concentrated components) are circulated as
bottoms along the heat-circulation line 12, while a part of the bottoms is
continuously let out from the bottoms tak‘e*out pipe 10 (first concentrating

process). At the top of distillation column 6, polyisocyanate is taken out
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from the crude polyisocyanate as a distillate solution and is continuously
distillated from the distillate solution take-out pipe 11.

The Cl-containing gas seéondarily produced, such as hydrogen chloride
and carbonyl chloride, is entrained with the boiling polyisocyanate, then is
flown from the top of the distillation column 6 into the distillate solution
take-out pipe 11, and then is drained through the vacuum line 16 of the
cooler 14.

The time required for the bottoms to be treated in the distillation
column 6 for the crude polyisocyanate (which is determined by dividing total
hold up time of the reboiler and of the bottom of the distillation column by a
flow rate of the bottoms, which is sometimes called the residence time of the
reboiler) is set to Be in tﬁe range of e.g. 0.5-8 hours, or preferably 1-4 hours.
A concentrating rate (midterm conéentrating‘rate) of the polyisc;cyanaté in
the bottoms is set to be e.g.‘ 95-60 weight%, or preferably 90-60 weight%, per
100 weight% bottoms, and a ‘concentrating rate (midterm concentrating
rate) of thé polyisocyanate residues in the bottoms is set tq be e.g. 5-40
weight%, or preferably 10-40 weight%, per 100 weight% bottoms.

A first liquid sending pump 17 is cénnected to the' downstream end of
the bottoms take-out pipe 10, so that the bottoms are pressure-transported
to the evaporator 5 by the first liquid sending pﬁmp 17.

After the distillate solution from the distillate solution take-out pipé 11
together with the distillate solution from a lower outlet pipe 26 mentioned
later is rectified in a rectifying column and the like, they are taken out as a
polyisocyanate product. x

The evaporator 5 comprises a thin film evaporator, including a casing
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18, a motor 19, a rotor 20, a wiper 21, a jacket 22, and an internal condenser
23, for example. Although the thin film evaporator of internal condenser
type is shown in FIG. 1, | this type of evaporator is not exclusive.
Evaporators that may be used include a thin film evaporator of external
condenser type, a falling film evaporator of multi-tubular type, a climbing
film evaporator and a wiped film evaborator.

The casing 18 is formed in a vertically elongate cylindrical form with
its lower pﬁrt formed in a funnel shape. The casing 18 is formed so that its
interior space is an airtight container allowing to reduce the pressure.

A downstream end of an upper inlet pipe 24 for letting the bottoms. flow
into the casing 18 is connected to an upper wall of the casing 18. An
upstream end of the upper inlet pipe 24 is connected to the first liquid
sending pump 17. An upstream end of a lateral outlet pipe 25 for distilling
a high boiling point distillate fraction is connected to a lower side wall of the
casing 18. A downstream end of the lateral outlet pipe 25 is connected tq a

second liquid sending pump 32 for pressure-transporting the high boiling

. point distillate fraction to the decomposing apparatus 3. The lower outlet

pipe 26 for distilling a low boiling point‘ distillate fraction is connected to a
bottom wall of the casing 18. A vacuum suction pipe 27 to reduce the
pressure of the interior of the casing 18 is conﬁected to the upper wall of the
casing 18.
The motor 19 is disposed above the casing 18, and a drive shaft 28 of
the motor 19 extends along a central axis of the casing 18, extending
)

through the upper wall of the casing 18.

The rotor 20 is connected to a lower end of the drive shaft 28 and is
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arranged radially around the drive shaft 28 to thend radially outwardly
from the lower end of the drive shaft 28. The rotor 20 is disposed so that
its radially outer end is disbosed opposite tp ‘and closely spaced from an
inner circumferential surface of the side wall of the casing 18.

The wiper 21 is arranged to extend along the vertical direction from the
radially outer end of the rotor 20. The wiper 21 is disposed vertically
opposite to and closely spaced from the inner circumferential surface of the
side wall of the casing 18.

The jacket 22 is arranged outside of the side wall of the casing 18 to
heat the interior of the casing 18. The jacket 22 is arranged along a
longitudinal direcﬁon (a Ver’pical direction) of the casing 18, to covér the
outer circumfereﬁtial surface of the side wall of the casing 18. The heating
medium is fed to the interior df the jacket 22.

The internal condenser 23 is disposed on a bottom wall of the casing 18,

comprising a heat exchanger through which the cooling medium is

- circulated. The internal coﬂdenser 23 communicates with the lower outlet

pipe 26.

The bottoms pressure-transported ﬁom the first liquid sending pump
17 flow into the casing 18 from the upper inlet pipe 24. In the casing 18,
the drive shaft 28 is rotated by the drive of thé motor 11, to rotate the xotor
20 around the drive shaft 28, and the wiper 21 is moved circumferentially
with being closely spaced from the inner circumferential surface of the side
wall of the casing 18. The casing 18 is reduced in inner preséure to
0.01-20kPa by the suction of the vacuum éuction pipe 27 and also is heated

to 80-230°C by the jacket 22.
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The bottoms flowing intp the casing 18 from the upper inlet pipe 24 is
moved by a centrifugal force of the wiper 21 moved in the circumferential
direction, so that they are formed in a liquid thin film in a space closely
spaced between the inner circumferential surface of the side wall of the
casing 18 and the wiper 21. Then, the polyisocyanate contained viri the
liquid thin film is evaporated by heating from the jacket 22 and, then, is
concentrated by the internal condenser 23. Thereafter, the polyisocyanate
thus concentrated is drained through the lower outlet pipe 26 as the low
boiling point distillate fraction. On the other hand, the polyisocyanate
residues contained in the liquid thin film is concentrated as it is, without
being evaporated. from the liquid thin film. Thereafter, the polyisoc&anate
residues thus concentrated is drained through the lateral outlet pipe 25 as
the high boiling point distillate fraction (secon(i concentrated component).
This is a second concentrating procéss.

A concentrating rate (final concentrating rate) of the polyisocyanate in
the high boiling pbint distillate fraction is set to be e.g. 10-59 weight%, 01;
prefei'ably 20-55 weight%, per 100 weight% high boﬂing point distillate
fraction, and a concentrating rate (;':inal ’concentrating rate) of the
polyisocyanafe residues-in the high boilihg point distillate fraction is set to
be e.g. 90-41 weight%, or preferably 80-45 Weight%, per 100 weight% high
boiling point distillate fraction. Further, the high boiling point distillate
fraction has a hydrogen chloride content of not more than 2 Weight%, or
preferably not more than 1.5 weight%, in terms of a Cl content.

In this concentrating apparatus 2, éhe crude polyisocyanate is first

heated on the boil in the distiller 4, as described above. This can provide
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the treating time required for not only the polyisocyanate but the
Cl-containing gas secondarily produced, such as hydrogen chloride and
carbonyl chloride, to be diétilled while the polyisocyanate residues are
concentrated as the bottoms. Besides, in the distiller 4, the crude
polyisocyanate is only concentrated to the midterm concentrating rate on
the way to the final concentrating rate. Hence, the thermal polymerization
of the crude polyisocyanate can be suppressed. Then, in the evaporator 5,
the bottoms obtained by the distiller 4 is concentrated to the final
concentrating rate by the thin film evaporation. Since the Cl-containing
gas, such as hydrogen chloride and carbonyl chloride, is already removed
from the bottoms in the distiller 4, increase in viscosity of the polyisoéyanate
residues caused' by the remaining Cl-containing gas, such as hydrogen
chloride and carbonyl chloride, and the reactant thereof can be suppressed.
Besides, as the polyisocyénate residues are evaporated by the thin ﬂim

evaporation, the time required for the concentration can be shorten so that

[4

the heat history can be reduced and thus the thermal f)olymerization can be
suppressed. |
As a result of this, in the éoncentraﬁng ai)paratus 2, the polyisocyanate
residues can effectively be concentrated from the crude polyisocyanate in a
short time. Besides, by suppressing the iﬁcrease in viécosity, a stable
-transport of the polyisocyanate residues can be achieved, and a possible
Blockage of the transport line (the lateral outlet pipe 25 and a residual feed
pipe 31 mentioﬁed later) can be prevented. |
TABLE 1 shows a relationship betv‘veen a Cl content of bottoms and

increase in viscosity when crude polyisocyanate is concentrated by varying
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heat treatment temperature (bottom temperature) and treating time
(bottom treating time) in the distiller 4, to produce tolylene diisocyanate. It
can be seen from TABLE 1 tilat when the Cl content of the bottoms is not
less than 2 weight%, the increase in viscosity of the residues can be
suppressed.

Although the embodiment wherein the distiller 4 and the evaporator 5
both have a single-stage structure has been illustrated above, they may
properly be modified to have a multistége structure, depending on intended
purposes and ‘applications.‘ Further, the crude polyisocyanate may be
concentrated in such a manner that it is first concentrated to a midterm
concentration using the thin film evaporator and then to a predetei‘mined
final concentratién of tﬁe‘ polyamine residues using the distiller 4 and the
evéporator 5 in the concentrating apparatus 2 of the present invention.

The decomposing apparatus 3 includes a hydrolyzer 29, a water feed .

pipe 30 connected to the hydrolyzer 29, and a residual feed pipe 31

connected to the water feed pipe 30.

The hydrolyzer 29 is a hydrolyzing reactor fdr the polyisocyanate
residues to be hydrolyzed to polyamiﬁe by contact of the polyisocyanate
residues with high teniperature and high pressure water. It comprises a
heat-resistant and pressure-resistant container whose temperature and
pressure can be controlled.

The water feed pipe 30 is a water feed line for feeding high
temperature and high pressure water to the hydrolyzer 29. It comprises a
heat-resistant and pressure-resistant f)ipe whose downstream end is

connected to the hydrolyzer 29 and whose upstream end is connected to a

'
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water pressure-feed pump 84 for pressure-transporting the high
temperature and high pressure water to the hydrolyzer 29. A feed water
line 33 for feeding industrial §vater (process water) is connected to the water
pressure-feed pump 34. A water heater 35 is interposed in the water feed
pipe 30.

The residual feed pipe 31 is a residual feed line for feeding the high
boiling point distillate fraction to the hydrolyzer 29, together with the high
temperature and high pressure water. It comprises a_heat-résistant and
pressure-resistant pipe whose downstream end is connected to a midstream
of the water feed pipe 30 at a location on the downstream side of the water
heater 35 and whose upstream end is éonneéted to the second liquid sénding
pump 32.

A residual heater 36 is interposed in the.residual feed pipe 31.

In the decomposing vapparatus 1, the high boiling point distillate
fraction is pressure-transported through the residual feed pipe 31 towgrd
the water feed pipe 30 by the second liquid sending pump 32 and is heated
to e.g. 120-180°C by the residual heater 36. As a result, the high boiling
point distillate fraction flows into the Weifer feed pipe 30 in the state of being
increased in f)ressure to a feeding préssure of e.g. 5-30MPa and heated to a
feeding temperature of 120-180°C. |

On the other hand, the process water flowing into the water feed pipe
30 from the water feed line is pressure-transported through the water feed
pipe 30 toward the hydrolyzer 29 by the water pressure-feed pump 34 and is
heated to e.g. 190-300°C by the water heélter 35. Asa result, the process

water becomes a high temperature and high pressure water by being
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increased in pressure to 5-30MPa and also heated to 190-300°C, flowing into
the hydrolyzer 29 together with the polyisocyanate residues fed from the
residue feed pipe 31. |

In the hydrolyzer 29, for example, an internal temperature
(decomposing temperature) of the hydrolyzer 29 is controlled to 190-300°C
and an internal pressure (decomposing pressure) of the same is controlled to
5-30MPa. Further, a hydrolytic ratio (a weight ratio of high temperature
and high pressure water to polyisocyanate residues) is controlled to é.g.
0.5-5 under control of the second liquid sending pump 32 and the water
pressure-feed pump 34.

Asa result of this, in the hydrolyzer 29, the high boiling point distillate

fraction is hydrolyzed by the high temperatﬁre and high pressure water to

produce corresponding polyamine as a decomposition pfoduct, while carbon
dioxide, water, etc. are produced secondarily.

Polyamines include, for example, polymethylenepolyphenylepe'
polyé'mine . (MDA) corresponding  to polyinethylenepoly.phenylené
polyisocyanate (MDI), tolylene diamine (TDA) corresponding to tolylene
diisocyanate (TDI), xylylene diamine :(XDA) corresponding to xylylene
diisocyanate (XDI), tetramethylxylylene diamine (TMXDA) corresponding to
tetramethylxylylene_ diisocyanate (TMXDI), 1k.)is(aminomethyl) norbornane
(NBDA) corresponding to bis(isocyanatomethyl) norbornane (NBDI),
3-aminomethyl-3,5,5-trimethylcyclohexyl amine (IPDA) corresponding to
3-isocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate (IPDD),
4,4’-methylenebis(cyclohexylamiﬁe) (PfleDA) corresponding to

4,4’-methylenebis(cyclohexylisocyanate) (H12MDI),  bis(aminomethyl)
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cyclohexane (He¢XDA) corresponding to bis(isocyanatomethyl) cyclohexane
(H¢XDI), and hexamethylene diamine (HDA) corresponding to
hexamethylene diisocyanate (HDI).

Then, after the decomposition product drained through the hydrolyzer
29 is reduced in pressure to the atmospheric pressuré, it is separated to
each in a dehydrating column, not shown, so that polyamine is recovered.
The polyamine thus recovered is reused as polyamine of raw material in the
producing process for polyisocyanate.

In the decomposition of high boiling point distillate fraction to
polyamine in such decomposing apparatus 3, as long as a Cl content of the
high boiling point distillation fraction is not more than 2 weight%, cox;rosion
in the decomposing app‘aratusv 3 can be reduoed, while also polyamine can be
recovered‘ at a high recovering rate.

TABLE 1 shows a recovering rate of polyamine When the yarious
bottoms cited above are decomposed by the decomposing apparatus; 3
(decomposing temperature of 250°C, decomposing pressure of 12MPa, and
hydrolytic ratio of 2.5). It cao be seen from TABLE 1 that as long as a Cl
content of the bottoms is not more than 2 weight%, polyamine can be

recovered at a high recovering rate.
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TABLE 1
_ Bottom No. 1 2 3 4 5 Compara.
1
Temperature of 170 | 170 155 140 180 %1
Bottom in Distiller
(C)
Treating Time for 60 180 60 60 120 X1
Bottom in Distiller
(min.)
Cl content of 1.3 1.0 2.3 3.0 0.9 34
Bottoms (wt. %)
TDI Content in 40 40 40 40 40 40
Bottoms (wt. %)
Initial Viscosity of 190 200 130 55 440 30
Bottoms (mPas) %2
Viscosity of Bottoms 400 350 1050 > 5000 570 > 10000
2 hrs. later (mPas) , : (1Hx)
%2
Recovering rate of _ 93 95 85 79 95
TDA (%)3%3

TDI: Tolylene diisocyanate
TDA: Tolylene dianﬁne
% 1: Single stage concentration using a thin film evaporator
%2 Viscosity is a measured Valﬁe measured.‘at 140°C .
“ 33 TDA recovering raté = (Amount (g) of TDA recovered)/(theoretical

amount (g) of TDA recovery when bottoms are all TDI) -

In TABLE i, a TDI content is measured in the following manner.

After 50g of crude TDI or a concentrated solution thereof (TDI +
residues TDI) is put in a 200ml pear-shaped flask, a distillation column, a
cooler, a nitrogen gas inlet pipe,-and a receiver are connected to the flask.
Then, the pear-shaped flask is heated under vacuum of 1kPa, ﬁsing an oil

bath, so that TDI is distilled at '100-250°C. A distillate solution and a
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residue in the pear-shaped flask are measured by weight and an amount of
a solvent is determined by an analysis of the distillate solution using a gas
chromatograph. Then,‘ the ’i‘DI content is calculated from the following
formula.

TDI content (weight %) = (Weight (g) of distillate solution ~ Amount (g)
of solvent in distillate solution)/ (Weight (g) of concentrate distillate solution
- Amount (g) of solvent in distillate solution) X 100

While ‘the illustrative embodiments of the present invention are
provided in the above description, such is for illustrative purpose only and it
is not to be construed restrictively. Modification and variation of the
present invention that Willl be obvious to those skilled in the art 1s to be
covéred by the following élaims.

Industrial Applicability

The conceﬁtrating method, treating method, concentration system and

treating system for polyisocyanate residues of the present invention can be

suitably used for f)roducing polyisocyanate industrially.
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Claims

1. A concentrating‘ method for polyisocyanate residues from crude
polyisocyanate comprising polyisocyanate and polyisocyanate residues,
which comprises:

a first concentrating process of concentrating the polyisocyanate
residues from the crude polyisocyanate to a midterm concentrating rate on
the way to a final concentrating rate by heating the crude polyisocyanate
which is on the boil, to obtain a first concentrated component, and

a second concentrating process of concentrating the first
concentrated component concentrated in the first concentrating proéess to
the ﬁnalhconcentxl'ating rate by evaporation, fo obtain a second concentrated

component.

2. The concentrating method for polyisbcyanate residues according Lto
Claim 1, wherein a concentrating rate of the first concentrated component is
set 0 that a cohcentrating réte of the p.oiyisocyanate 1s 95-60 weight% per
100 weight% of the first concentrated c<:)mponent, and a cbncentraﬁng rate
of the polyisocyanate residues is 5-40 weight% per 100 weight% of the first
concentrated component, and |

a concentrating rate of the second concentrated component is set so
'that a concentrating rate of the polyisocyanate is 10-59 weight% per 100
weight% of the second concentrated component, and a concentrating rate
of the polyisocyanate residues is 90-41 W:aight% per 100 weight% of the

second concentrated component.
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3. The concentrating method for polyisocyanate residues according to
Claim 1, wherein the crude polyisocyanate is heated at 155-190°C in the

first concentrating process.
4. The concentrating method for polyisocyanate residues according to
Claim 1, wherein the first concentrated component is evaporated using a

thin film evaporator in the second concentrating process.

5. The concentrating method for polyisocyanate residues according to

. Claim 1, wherein a Cl content of the second concentrated component is not

more than 2 weight%.

6. A treating method for polyisocyanate residues wherein a second
concentrated component obtained by a concentrating method for
concentratinglpolyisocyainate resi('lues from crude polyisocyanate comprising
polyisocyaﬁate and polyisocyanate residues are put ip contact with high
temperature and high pressure water a:nd is decomposed to polyamine, the

concentrating method comprising a first concentrating process of

concentrating the polyisocyanate residues from the crude polyisocyanate to

a midterm concentrating rate on the way to a final poncentrating rate by
heating the crude polyiéocyanate on the boil to obtain a first conéentrated
component, and a second concentrating process of concentrating the first
concentrated component concentrated in ‘the first concentrating process to

the final concentrating rate by evaporation to obtain a second concentrated
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component, a Cl content of the second concentrated component being not

more than 2 weight%.

7. A treating method for polyisocyanate residues wherein crude
polyisocyanate comprising polyisocyanate and polyisocyanate residues and
having a Cl content of not more than 2 weight% is put in contact with high

temperature and high pressure water and is decomposed to polyamine.

8. A concentrating system for polyisocyanate residues, which comprises
a distiller for concentrating the polyisocyanate residues from crude
polyisocyanate comprising polyisocyanate and p‘olyisocyanate residues to a
midterm concénﬁratinlg .rate on the way to a final concentrating rate by .

heating the crude poljrisocyanate on the boil to obtain a first concentrated

| component, and an evaporator, connected to the distiller, for concentrating

the first concentrated component concentrated in the distiller to the final

concentrating rate by evaporation to obtain a second concentrated

- component.

9. The concentrating system for polyisocyanate residues according to
Claim 8, wherein the evaporator used for obtaining the second concentrated

component is a thin film evaporator.

10. A treating system for polyisocyanate residues, which comprises a
1}
distiller for concentrating the polyisocyanate residues from crude

polyisocyanate comprising polyisocyanate and polyisocyanate residues to a
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midterm concentrating rate on the way to a final concentrating rate by
heating the crude polyisocyanate on the boil to obtain a first concentrated
component, |

an evaporator, connected to the distiller, for concentrating the first
concentrated component concentrated in the .distiller to the final
concentrating rate by evaporation to obtain a second -concentrated
component,

and a decomposing apparatus for but_ting the second concentrated
component obtained by the evaporator into contact with high temperature

and high pressure water and is decomposed to polyamine.
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