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W TH DEFI NED ACI DI TY BACKGROUND OF THE | NVENTI ON 10 The present invention
relates to a process for the production of di- and polyisocyanates of the
di phenyl net hane series and m xtures theneof, and to a process for the
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15  Aromatic isocyanates are very important raw materials for the production of
polyurethane materials. In terms of quantity, the di- and polyisocyanates of the

diphenylmethane series (MDI) play the leading role in this.

The term polyisocyanates of the diphenylmethane series means isocyanates and

20  mixtures of isocyanates which correspond to the following structure:
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where n denotes a natural number > 2.

Similarly, the term polyamines of the diphenylmethane series means compounds

30  and mixtures of compounds which correspond to the following structure:

NH, | NH, NH,
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4,4 -NDl are obtained, which are described in specialist circles as 2-ring
(i.e. bi 10 nuclear) conpounds of MDD (i.e. diisocyanates of the

di phenyl net hane series). During the condensation of aniline and

f or mal dehyde, however, the 2-ring MDA (i.e. methyl enedi phenyl di am ne)
continues to react further with formal dehyde and aniline to formnulti-ring
MDA types, which, after phosgenation, represent the multi-ring (i.e

pol ynucl ear) content in the polyneric DI (polyisocyanates of the 15
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content. VvANHginedictrpbyntciearcgnicahin the pelxmerpMRL (hobisogypRatesofdhe up to 500
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For many practical product applications, it is preferred that a defined acid content
be established in the MDI. This standardization compensates for any variations in
reactivity caused by secondary compounds in the reaction chain from aniline to

20  MDI. These secondary compounds have an influence on the acid content of the
MDI during processing with compounds which contain isocyanate-reactive

hydrogen atoms, such as, for example, the polyols used in polyurethane chemistry.

In practice, the acid content in MDI is expressed as acidity in polymeric MDI

25  (PMDI) and/or monomeric MDI (MMDI), or as hydrolysable chlorine in MMDI.
This acidity value is determined, in practice, by reacting MDI with lower alcohols
such as, e.g. methanol (cf. e.g. ASTM D5523-94 for monomeric MDI or
ASTMS5629-99 or 6099-03 for polymeric MDI).

30  The acid content in MDI is determined, as described in the current state of the art,

by the processing parameters in the production process for the MDA bases by the



(calculated as HC) are generally achi eved. However, deviations fromthe
desired 10 acidity sonetines occur. These variations in acidity within the
product quality of a manufactured MDI result in undesirable deviations in
t he reaction behavior of the MD during the subsequent pol yurethane
production. In general, it is correct that as the acid content increases,
the reactivity of MD 15 (i.e. the relative reactivity of isocyanate to
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content). This process should provide a constant MDI  product in which the

uality, as_.based .on.acid conte can be r.eli abl uar ant eed.
d y In general, it is correct that as%é acid Content 1ncreases,ythg reactlv&y of MDI

15  (i.e. the relative reactivity of isocyanate to polyol) slows down or decreases.
However, since during polyurethane processing the reactivity should generally be
defined by the catalysis in the polyol, it is essential for safe and reproducible
processing for the MDI component to have constant, and consistent, reactivity.
The acid content achieved during production as described in the prior art, and

20  particularly in the case of MMDI (monomeric MDI), can even be so low such that
undesirable secondary reactions occur during polyurethane processing (e.g. alkali-

catalysed polyisocyanurate reaction).

In the marketplace, therefore, the various MDI products commercially available

25  are provided with a specification value for the acidity or the hydrolysable chlorine
content (i.e. HC value). The analyses of the acidity are generally performed
according to the ASTM test methods mentioned above, which describe the content
of acid released during reaction with compounds which contain active hydrogen
atoms. This value is generally calculated as HCI.

30



10° The invention relates to a process for the production of di- and

pol yi socyanates of the di phenyl net hane series and m xtures thereof. This
process conprises a) reacting aniline and formal dehyde in the presence of an
acid catalyst to formdi- and pol yam nes of the di phenyl net hane series, 15
b) phosgenating the di- and pol yam nes of the di phenyl net hane series,
optionally in the presence of a solveny@4,- to obtain a crude di- and

pol yi socyanat e! cﬁ seEar ati ng at | east one fraction containing at |east 5
wt. % of 3-r Y nd at | east one fraction containing at
| east 95 wt.% of 2- 20 ring MDI, fromthe crude di- and polyi socyanate, by
distillation, d) determning analytically the acidities of the fraction

cont ai nifhg @he bgasttof The prednoinvBatiamig tieemeforatbtprovideg sikiple panedsdor the t he
fraction contgining at |east 95 wt.%0of 2-rin |, and 25 e) adding an
e di o conp BSOS e v T SR G B BB RS SO ng and
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MDI, such that the desired acidity of each fraction is achieved. The

fracti ons phyttolysablé chlstispcaiterd). d hishrocgss sfomtdjployide anoestantiBIcont ai ner s.
These 30 fracgtians. are, then.avail abl e as,an i socyanate, conponent. with
oroci sel y aBiogusidR vakshdhe Ul hasedan 4 Fenisnty cafrhe TR ERATEHICRE rodi i ed
i socyangyes, as products -5- for blending with other isocyanate fractions,
and for the production of prepolynmers and/or polyurethanes. 5 By the

addi ti on of Thhimvantiahi relatasiigampresess for therpgadhiction ofrgb and polyisotyamae®of as an
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a) reacting aniline and formaldehyde in the presence of an acid catalyst to
form di- and polyamines of the diphenylmethane series,

15 b) phosgenating the di- and polyamines of the diphenylmethane series,
optionally in the presence of a solvent, to obtain a crude di- and
polyisocyanate,

c) separating at least one fraction containing at least 5 wt.% of 3-ring and
multi-ring MDI and at least one fraction containing at least 95 wt.% of 2-

20 ring MDI, from the crude di- and polyisocyanate, by distillation,

d) determining analytically the acidities of the fraction containing at least 5
wt.% of 3-ring and multi-ring MDI, and/or of the fraction containing at
least 95 wt.% of 2-ring MD],

and

25 e adding an acidic compound to the fraction containing at least 5 wt.% of 3-
ring and multi-ring MDI and/or to the fraction containing at least 95 wt.%
of 2-ring MDI, such that the desired acidity of each fraction is achieved.

The fractions produced in step e) are then preferably poured into containers. These
30 fractions are then available as an isocyanate component with precisely adjusted

acidity, and are suitable for the production of modified isocyanates, as products



chlorine content) of the MDI can be achieved accurately and reproducibly.
This is true, regardless of the production process used to make the MDI. 10
Thus, the present invention relates to a process for the production of M
and mxtures thereof, in which the acidity and the hydrol ysabl e chlorine
value of the MDD or mxtures thereof are adjusted in a targeted manner by
addi ng aci di c, particularly hal ogen- coft ai ni ng and especial ly

chl orine-co ounds, after se t n t he crude. MDI m xture by
di st i IIatio:}IOT BT SRRSOl FRGHOBS and fo e BEIFYON 9 & result of 1 he

targeted adjgy §&ﬂﬁﬁ&sgﬁ¢%hﬁﬂ§&%ghha;and of the hydrolysable chlorine val ue,
a constant reactivity of the M is guaranteed here. This M also

satisfie$ the previously existing product specifications. The polyanine or

m xt ure of | ya t he. di phenyl net hane seri es 20 used
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For mal dehyde is nornmally used as an aqﬁeous solution on an industrial scale.
Thus, the we&F separtieathegnds D) mixgye ytdeftlﬂs%wtwe ISOMEELA PR t ot al
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used. Howevédrydralydable chlorine value, a constant reactivity of the MDI is guaranteed here.

This MDI also satisfies the previously existing product specifications.

The polyamine or mixture of polyamines of the diphenylmethane series which is

20  used obtained in step a) of the process according to the invention, by the
condensation of aniline and formaldehyde, in the presence of an acid catalyst are
described by H. J. Twitchett, Chem. Soc. Rev. 3(2), 209 (1974); and W. M. Moore
in: Kirk-Othmer Encycl. Chem. Technol., 3" ed., New York, 2, 338-348 (1978)).
It is immaterial to the present process whether aniline and formaldehyde are first

25  mixed in the absence of the acid catalyst, and the acid catalyst is then added, or
whether a mixture of aniline and acid catalyst is reacted with formaldehyde.
Suitable mixtures of polyamines of the diphenylmethane series are conventionally
obtained by condensation of aniline and formaldehyde in a molar ratio of aniline
to formaldehyde of 20:1 to 1.6:1, preferably 10:1 to 1.8:1, and a molar ratio of

30 aniline to acid catalyst of 20:1 to 1:1, preferably 10:1 to 2:1.



conmpounds whi ch provi de net hyl ene groups, such as, e.g. polyoxynethylene

gl ycol , para-fornmal dehyde or trioxane, can also be used. 10 Strong organic,
and preferably inorganic acids, have proved suitable as the acid catalysts.
Suitable acids are, e.g. hydrochloric acid, sulfuric acid, phosphoric acid
and net hanesul fonic acid. Hydrochloric acid is preferably used. In a
preferred enbodi nent of the process, aniline and the acid catal yst are first
15 m xed together. This mxture is mxed-with fornal dehyde in a suitable

manner in ot her. st e optionally after the dissipation.qf heat, at
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residence tine apparatus. The prelimnary reaction takes place at
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ei ther st epwosfpofidsooliith proitRl iethlefe giRubQRACH 35, a.?dpcsl exERABylefty €SSure, 1o a
tenperature of from about 100C to about 250C, preferably to a tenperature
of from abowlycpbaare-bormadiehydgodriossns, ey dspbetseably to a 25 tenperature of
from about 100C to about 160C. In another enbodi nent of the process,

however, it is also possible first to mx together and react aniline and

f or mal dabydeStrong ok dwdic s preteratily ilggatd acidghave/sioved suitablestiengued at ure range
of from about 5C tg ahout ,130C, preferably from about 30 40C to about 100C,
and nore préRBEE yuitatleddoire. sodydepchlosisacpguliuric acil, hosphpbeingidnt |

condensat | ony gt QAKGESRLIARE IR AN USPLIEINESI (sog. SO-Cal led _aiinal s)

are formed. FollTow ng the amn ormation, ‘water “present in the -7-
reaction m xture can be renoved by phase separation or other appropriate
process steps such
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step, and supixeeiddiheP This mixture is mixed with formaldehyde in a suitable manner in
another step, optionally after the dissipation of heat, at temperatures of between
about 20°C and about 100°C, preferably between about 30°C and about 70°C, and
then subjected to a preliminary reaction in suitable residence time apparatus. The
preliminary reaction takes place at temperatures of between about 20°C and about

20  100°C, and preferably in the temperature range of from about 30°C to about 80°C.

Following the mixing and preliminary reaction, the temperature of the reaction
mixture is brought, either stepwise or continuously, and optionally under excess
pressure, to a temperature of from about 100°C to about 250°C, preferably to a
temperature of from about 100°C to about 180°C, and more preferably to a

25  temperature of from about 100°C to about 160°C.

In another embodiment of the process, however, it is also possible first to mix
together and react aniline and formaldehyde, in the absence of the acid catalyst, in
the temperature range of from about 5°C to about 130°C, preferably from about
30  40°C to about 100°C, and more preferably from about 60°C to about 90°C. In this
embodiment, condensation products of aniline and formaldehyde (i.e. so-called

aminals) are formed. Following the aminal formation, water present in the



prelimnary reaction in a residence tine apparatus at a tenperature of about
20C to about 100C, preferably about 30C to about 80C. The tenperature of
the reaction mxture is then brought, either stepwi se or continuously, and
optionally under excess pressure, to a tenperature of from about 100C to
about 250C, 10 preferably to a tenperature of from about 100C to about 180C
and nore preferably to a tenperature.gf. fromabout 100C to about 160C. In
order to work up the acidic reaction mxture, the reaction mxture is
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phase separ adaction mixtaredehendioupht, feithakstepWisesorsepamaiusinamd ogtiogally ¢ and
aqueous phases can take place at the same tenperature at which the
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about 90 to about 100°C (see H. J. Twitchett, Chem. Soc. Rev. 3(2), 223 (1974)).
Suitable compounds to be used as bases are, for example, the hydroxides of the

alkali and alkaline earth elements. Aqueous NaOH is preferably used.

20  After the neutralisation, the organic phase is separated from the aqueous phase by
suitable processes as is disclosed in the prior art. One such suitable process is, for
example, by phase separation in a separating flask. This separation of organic and
aqueous phases can take place at the same temperature at which the neutralisation
of the acidic rearrangement mixture took place. The product-containing organic

25  phase which remains after separating off the aqueous phase is subjected to
washing (as described in the prior art) to separate off salts and excess base. The
purified organic phase is then freed of excess aniline and other substances present
in the mixture (e.g. other solvents) by suitable physical separation processes and
methods, such as, e.g., distillation, extraction or crystallisation.

30
The polyamine of the diphenylmethane series (crude MDA) thus obtained from
step a) is reacted in step b) with phosgene, optionally in the presence of an inert

organic solvent, by the known methods to form the corresponding isocyanates.



The nolar ratio of crude MDA to phosgene is usefully set such that there are
1 to 10 noles, preferably 1.3 to 4 noles, of phosgene per nole NH2 group
present in 5 the reaction mxture. Suitable inert solvents include, for
exanpl e, chlorinated, aromatic hydrocarbons such as, e.g.,
nmonochl or obenzene, dichl orobenzenes, trichlorobenzenes, the correspondi ng
tol uenes and xyl enes, as well as chl orpet hyl benzene. Mnochl or obenzene,

di chl orobenzene aor m. xtures of these chlorobenzenes are ;)referably used as
i nert or ganildedeplygatia of qde MiaAtp phosgeneris usefuiyset sugh frrbthereey et (or
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After completion of the phosgenation, the excess phosgene, the inert organic
solvent, the HCI formed and/or mixtures thereof are separated from the reaction
mixture by suitable processes (e.g. by distillation). For this, the pressure is

20 reduced stepwise to a vacuum and the remaining phosgene excess and the HCI
formed are evaporated and separated off. The solvent is then reduced stepwise,
preferably by evaporation, with further reduction of the absolute pressure to down
to 1 mbar, preferably down to 5 mbar. At the same time, i.e. parallel to this, the
temperature is increased or raised until the solvent is almost completely removed,

25 i.e down to a concentration of far less than 0.1%. Finally, in step b), a crude di-

and polyisocyanate (crude MDI mixture) is obtained.

The separation can take place by distillation under vacuum or by crystallisation. A
combination of the two processes is also possible.

30
In step c), at least one fraction which contains at least 5 wt.% of 3-ring and multi-

ring MDI (i.e. higher ring compounds of MDI or PMDI), and at least one fraction



ring MDI (i.e. higher ring conpounds of MDI or PMDI), and at |east one
fraction -9- which contains at least 95 w.% of 2-ring MDI (i.e. nononeric
MDI) are separated by distillation fromthe crude di- and polyi socyanate. 5
The fraction containing at least 5 wt.%of 3-ring and nulti-ring M
preferably has an acidity of from5 to 500 ppm (cal culated as HCl). The
fraction containing at least 95 w.%o0§_-2-ring MDI preferably has an
acidity of from0.1 to 50 ppm gcal culated as HO). The values given for the
aci di ty her eVhiclecosaiagatdpast Re widt RbringMBl (e monpingtind1ADiagk t y as descri bed

i n Exanpl e '565%%?’*’§'d€5ﬁ§1%3§}] %Em &E?§maghgiahk/§ﬁlyg§;?8&%%tér action that contains

at least 5wt -rin i-ring of the fraction that
containsSat |least 95 w.%of 2-ring M, and which are produced in step c)
are determ gﬁgfanal ytically. This_can take 15 (E)I ace in_accordance with the
speci ficat | Fctigh gpHaining hdsert DL Ynoigiripg an sHpg MDD preterghly ASTME629- 99

or 6099-03 f Eaﬂ%mﬁﬁg??%@h}& 5%',_;%}41 Ecgﬁula%tzg .eﬁférlirﬁ?ignicgmtla:'ﬁg{g)l e 1 for

nononeric MDI or po nononeri c |, however,
det er m nat i atleaft EowdVetof 2geme MDD prefeebbshgslaaceidity of frooke 0 drtaiSGgpmon of t he

hydr ol ysabl e chl orine_valye. This determn nation can take 20 place py the

met hod descrifgeyated aE’i’zgﬁbﬂg‘e?’? UBE B FR r\rﬁéer pcdinohrze pre hased eythiseangdhodp o 50%
can typijgal | i LA Wity of, for exanple approx.
100 ppm Theésfgg%g?{néltglj%ﬁ%{%acs\énue?%%aén@}'(g@g%? ]ge?beari ations or changes in the

t hroughput and process paraneters during 25 production and/or in different
producti on l.ess .t ha

| ant s n acidity variatign of 3% Ls, . however,
fesi rabl o THeEP GE Aol ihedfsfon Bap e ROsdFes R APESTHE R act ual
aci dity, theyagishd MIAGhHNE o PEHiffdNEn that EHRARs 4edshgs MPbs bf\z.%nguan_t ity such
that the final acidity lies above the maxi num val ue of actual acidity due to
t he procesMbidlatevhivaaicprodwed andep ofar¢ Hetetvdhed anadytestly ohhis Fmuske i n thi s
exanpl e’lSt heplace in accordance with the specifications according to ASTM D5523-94 for
monomeric MDI, or ASTM5629-99 or 6099-03 for polymeric MDI, or by the
method described in Example 1 for monomeric MDI or polymeric MDI. For
monomeric MDI, however, the determination of acidity generally takes place as a
determination of the hydrolysable chlorine value. This determination can take

20  place by the method described in Example 2.

Acidity variations in the range of up to 50% can typically occur in PMDI with an
average acidity of, for example approx. 100 ppm. These variations occur as a
result of variations or changes in the throughput and process parameters during
25  production and/or in different production plants. An acidity variation of less than
5% is, however, desirable. This is achieved in that, depending on the existing or
actual acidity, the acidity-active additive is added to the MDI in a quantity such
that the final acidity lies above the maximum value of actual acidity due to the
process-related variation range of the MDI in question. Thus, in this example, the
30 maximum value would be 100 ppm + 50 ppm = 150 ppm. The devices which are
commercially available for metering the acid compound into the isocyanate are so
accurate that the range of variation achieved is negligible. The case of MMDI is

similar, with an approximate acidity of e.g. 10 ppm with variations of up to 100%.



30 maxi mum val ue woul d be 100 ppm + 50 ppm = 150 ppm The devices which are
comercially available for netering the acid conpound into the isocyanate
are so accurate that the range of variation achieved is negligible. The
case of MMDI is simlar, wth an approximate acidity of e.g. 10 ppmw th
variations of up to 100% -10- In this case, the acid conpound is simlarly
added to the MVDI as an acidity- 5 active additive. In step e), an acid
conmpound is added to the fraction contalnlng at least 5 w.%of 3-ring and
nultl-rlng MDI, and/or to the fractionl@ontaining at |east 95 wt.% of 2-

ring Mi, lgusocf,as¥"“ché’5‘cf 8‘1?1 b&ﬂﬁs‘éﬁﬁlﬁd @Q}dﬁh&‘?odthkml%sﬁgcﬁ as to achieve

the 10 deS| red acidity e or bot e fractions seous HCl can be
used for5t hiastiyewddase. Si nce the handling of HCl as a gas involves conpl ex
apparatus for netering, it is preferred to use liquid or solid organic
conpounds that increase the acidity value. Such conpounds include, for 15

examl e, bonsokg LI SEunab BB RUb L6 S gty

terephthalo ori |sop IC uenesu
chl ori de, oB-rixighverd mulgamgMDipamﬂ/mrhb cthd filssion Cogiaining adea:ts 9% hato ofizr ease t he

acidity value ar I Sone exanpl.es of such organi ¢ acids
i ncl ude conﬁ’é‘ﬁmlgﬁ fs‘@ ‘CE%CUOHSG’YW%P Bians e amster chep as tomeBi¥r ted or gani ¢

conmpoungls |@gglféqeacfd@qgrgr{pgr@ﬂpoﬂﬁ@@lawo 0 soluble in MDI and which, at the
same time, have a | ow vapor pressure and do not nodify the other properties

of the desired isocyanate addition products in the finished article.
Anhydr ous m eral i ds.such her rogen halides, 25
phosphori ¢ olqg'be Hﬁ‘%ﬁjs%ﬁg}lﬁg'%PB?ﬁcg}rﬁF i‘&%mﬁb {JQ%Eﬁ %gas sul furic
aci d and Otirt\%'lve'g‘c[?ﬁbfélx a%ﬁélgﬁls%ﬁn%hﬁgm i p?e?ehékpfog.%@'liﬁufﬂcerOH@”pounds to be
added in step e) of the present invention. Also suitable to be added as the
aci di ¢ conpotgadic cempuegs it iacwasiertbe geidity vantyihchb gsmpewids indiidts forsuch as
e.g. al 15" me%rr]n;glgl lgzerrlllzgtgllcfljl%hde benzoyl chloride, phthaloyl dichloride, terephthaloy]

dichloride, isophthaloyl dichlorides, p-toluenesulfonyl chloride, or other organic

acid chlorides. Organic acids that increase the acidity value are also suitable.

Some examples of such organic acids include compounds such as, e.g.,

chloropropanoic acid. Preferred organic compounds include those that are readily

20  soluble in MDI and which, at the same time, have a low vapor pressure and do not
modify the other properties of the desired isocyanate addition products in the

finished article.

Anhydrous mineral acids such as, e.g. HCI gas or other hydrogen halides,

25  phosphoric acid or other phosphorus-containing anhydrous acids, sulfuric acid and
other mineral acids are suitable as inorganic acid compounds to be added in step
e) of the present invention. Also suitable to be added as the acidic compound in
step €) are inorganic anhydrous Lewis acids, such as e.g. aluminium trichloride,
boron trifluoride, boron trichloride, etc..

30  Suitable organic acid compounds which can be used as the acidic compound and
that increase the acidity value include aliphatic or cycloaliphatic carboxylic acid
halides such as, e.g., acetyl chloride, trichloroacetyl chloride or N-

chloroacetamide or N-bromosuccinimide; aromatic carboxylic acid halides such



boron trifluoride, boron trichloride, etc.. 30 Suitable organic acid
conpounds whi ch can be used as the acidic conpound and that increase the
acidity value include aliphatic or cycloaliphatic carboxylic acid halides
such as, e.g., acetyl chloride, trichloroacetyl chloride or N

chl oroacet am de or N bronosuccini m de; aromatic carboxylic acid halides such
-11- as, e.g., benzoyl chloride, phthaloyl chloride, terephthal oyl

di chl oride, isophthaloyl dichloride;-Hdromatic, aliphatic or cycloaliphatic

carbanyl chlorides 5 such .as, .e.qg. enyl car banyl. chl qri de,
tert.-butyl E%thaﬁ%ﬂ‘z‘_é’ F@Pflgj%;p@@?%@ _emogﬁwgrsght g %ewﬁe ds such as, e.g.,
trinethylsi lsﬁbhtﬁﬁbgl;diggeriaé; 'afﬂ(?;lgzh?él, %lmh‘é{ic gfé\ {S)‘cf(l)(gﬂi%hﬁf@éa Whidpfagé €; sul fonic

acid halides such , €.9g., y oride;” or “other carboxylic acid
deri vat i ¥ esswhah, @8, Nephgnylcanbhmgll ¢hdersde, tart. hukicarbmn ylivhlogwit; aciddenz oy |

chl oride, phthal gyl dichloride, terephthal i.chlori.de t yl car banoyl 10
chlori des, ?}I‘IPWE?%?ICQWWPH S 5uph ﬁ%tﬁ(ﬁ*retflﬁlﬁﬂyi%h 8?36’:5?%‘6%‘?'2‘;18&/ ably used as
organi ¢ acifoesRaHasul fNaRITBhIEiOhci@hhlRRAkhéh ACE Y., ebYyPERIFRS; @F car bany
chlorides are preferably used to adjust the acidity for MJ, and for the

MDI i xt ur esther ¢anbaxylic agidetivatoies ewibsaspé.g.1 Bnhpulrides, pamig@rastthérgofand t he
derivati ves,and i f.icatjons, thereqf, su s, ,.al | ophanat.es, carbodii m des,
i et oni m neBengy LR ShR e ERGhar R A BV Ao B AR e R0 Yiver 1 ¢
ureas. Ay ONBlbAd&! trivhdtRY1Sily GrifbdrometHafésuiBgat® hreGRERABYY use@hk 8fdadRs whi ch
have no negative effect on the production of the pol yurethanes and which

have a | ow ecipepmpewsisure are preferably used here. Benzoyl chloride, 20
t erepht hal oyl dichloride, isophthal oyl dichloride, phenylcarbamnyl chloride,
tert.- butylcarbanyl chloride are nore preferably used. The introduction of

the aci d coppaumet sraMiphalceach @6ridhsorehib¥miyNétofides attesrefeesbly W6dd tor in the
formof a nore hi ghl.x_ concentrated stock solution, which is 25 preferably
1

prepared wi adjustike acidipeiopdHal. aad MmitheMPlnixenewib 2riing MR epniens of
15  more than 80 wt.%, and the derivatives and modifications thereof, such as
allophanates, carbodiimides, uretonimines, uretdiones and prepolymeric urethanes
and/or prepolymeric ureas. Aromatic or aliphatic acid chlorides or carbamyl
chlorides which have no negative effect on the production of the polyurethanes
and which have a low vapor pressure are preferably used here. Benzoyl chloride,
20  terephthaloyl dichloride, isophthaloyl dichloride, phenylcarbamyl chloride, tert.-

butylcarbamyl chloride are more preferably used.

The introduction of the acid compound can take place directly into the desired
MDI or in the form of a more highly concentrated stock solution, which is

25  preferably prepared with the corresponding MDI and which does not alter the
specification of the desired MDI.

As a result of the process according to the invention, a defined acidity or a defined
hydrolysable chlorine content, is achieved in the MDI obtained. This defined

30 acidity or defined hydrolysable chlorine content provides a constant and defined
reaction behavior of MDI towards compounds which contain active hydrogen
atoms. This, in turn, has a positive effect on problem-free processing in the

production of finished polyaddition products produced from the MDI.



specification of the desired MDI. As a result of the process according to
the invention, a defined acidity or a defined hydrolysable chlorine
content, is achieved in the MDI obtained. This defined 30 acidity or defined
hydr ol ysabl e chl orine content provides a constant and defined reaction
behavi or of MDI towards conmpounds which contain active hydrogen atons.

This, in turn, has a positive effect on problemfree processing in the
production of finished polyaddition products produced fromthe MD. -12- In
anot her enbodi nent of the process of tHé-present invention, in addition to

the 5 acidig,i gan r i M es ther i nert
transition ﬁ%tagﬁh con%oggégg,&gl%gdﬁ Bgegggfg%ﬂ%es? Jratalﬁllsﬁ#éhﬁlr?gp %@% deem subgr oup
VI, nose perlicinakdayic driodganéodqopoiads bimixtered tieraoffinérh GagfibiCmeral Or gani c

iron salts or iron_ conplexes, can. also be added in step e). These inert
transition fempOuRds gterably. tpesitieremetals from subgrewp ¥illimereipsefetakhat e gr oups
with the H agj + . 4.n0 e ol yur et hane
producti on. 1 r?(ejcoﬁﬁ}gpg&agr}a t%(‘ﬁ%eo E}%gl I%r#g%}lc ég% gllti llrclrﬁg)rl%asFﬁs @ﬁg@e&a %J)%’]e?S of iron
resul ting froamalshdepdddiiatsiepre) prliece ffrt tldnesion matédcenpoonditacebraterthe may be

caused by corrosion and/or erosion of parts, of the ppar at us, ich can
vary mar ked|r9a}ctlaﬂe? thedspcyanpie 9ups With thg Hr?gldr@aa%quwépﬁvgl C%@un\aﬂr iabilities

[ reactipyi ti e Mhd e CORBRNRAENI: SARLh S VBIGARTIANMBL Ay L race 15

content by a g appro race ‘anounts e I'ron compounds.
Sui t abl e i r ontaonymalhidacefanrovast dlitonybsubtingafremnisd protludtiomrproceas dhesnt ent

include 1inorganic or qrganic . iron Its of, mneral acidsg, of i phatic,
alicyclic arftfcarBRERE @?ITE%%WIC?Eseag’M@UQHHH éP&B&?rBé@nB?PW%‘?ﬁE%an exes.
The iron co i Lran.sal i ncl ude,
e.g., Fe(ll @%ﬁﬂ’%ﬁ?@%%’ﬁ%% )‘ﬁgﬂé{e@(’%@g?{%@%ﬁ ) Cﬁ%ﬁhgé‘%acﬁg‘???)ﬁ?l uori de,
Fe(11) i odi darialbili(ied in reactisitpcan bé-edrhpdnsated by betablching, a demgtaht irort traceal i cyl at e,

Fe(lll rilaurate, Fe(lll) tripalmtate, Fe(lll). tristearate, Fe(lll
[r3 ol enlS | e0nicR N soia erphontiatd F3cEansionls ol SRuphiGirah CRBpoIERt 1| s(an

Suitable iron compounds for establishing a constant iron trace content include
inorganic or organic iron salts of mineral acids, of aliphatic, alicyclic and aromatic
carboxylic acids and alkoxides or iron complexes. The iron compounds added

20  must be anhydrous. Suitable iron salts include, e.g., Fe(IIl) chloride, Fe(II)
acetate, Fe(III) bromide, Fe(II) fluoride, Fe(I) iodide, Fe(Il) fumarate, Fe(III)
tribenzoate, Fe(IIl) trisalicylate, Fe(III) trilaurate, Fe(III) tripalmitate, Fe(III)
tristearate, Fe(III) trioleate, Fe naphthenates, Fe(I) 2-ethylhexanoate, Fe(II) tris(4-
cyclohexyl butyrate), Fe(IIl) ethoxide, Fe(III) i-propoxide. Suitable iron

25  complexes include, e.g., Fe(IlI) acetylacetonate, Fe(III) benzoylacetonate, Fe(Il)
phthalocyanine, ferrocene, Fe(IIl) trifluoroacetylacetonate. It is preferred that

Fe(IIT) chloride and/or Fe(III) acetylacetonate are used.

In addition, metal catalysts known in polyurethane processing such as, e.g., zinc
30  chloride, dibutyltin dilaurate (DBTDL), tin octoate or other organic tin

compounds, can also be added to enable the reactivity to be adjusted in a defined

manner for specific applications. In this case, the addition takes place to the extent

that the specified shelf life of generally 6 months can still be guaranteed.



cycl ohexyl butyrate), Fe(lll1) ethoxide, Fe(lll) i-propoxide. Suitable iron
25 conpl exes include, e.g., Fe(lll) acetylacetonate, Fe(lll)

benzoyl acetonate, Fe(ll) phthalocyariirie, ferrocene, Fe(lll)
trifluoroacetyl acetonate. It is preferred that Fe(lll) chloride and/or
Fe(l11) acetylacetonate are used. In addition, netal catalysts known in
pol yur et hane processing such as, e.g..1gknc 30 chloride, dibutyltin

di laurate (DBTDL%) tin octoate or other organjc tin conpounds, can al so be
added to endtieMPherodugts praguesd bipths eroggpsasceidingtogheiawention WibAner f or

speci T} ¢ aPRLKEA! Vfor pllairf'bsh AESEe bﬂe{i‘ﬁd;%gl bhOG: hakSTixRl-ace to the extent

that the speci genera nonths can still be guaranteed.
- 13 Thé Mobntainhefardmatic sdeyamdtebyFdr e iewding 9n additon tade peeférablyi nvent i on
with a defined value for acidity can also be blended with one or nore
mxtures 5 CSFH BRI VRIS fepTatn ﬁﬁlgae@ahmlélé?cmem ﬁfgﬁﬁfi%‘aﬁ’ﬂ@ﬁg}aﬁe addi tion to

the pref er abbyes digsy fibioHAS M0 cGRBhAEo ke AGEANRILY sackBNat es of

t he di phenyl net hane ~ seri es ready nenti , mxtures containing tol uene
di i socyanat &,4-€Dg). ordniktur&d contdiniGg TmpHthalenendiisbeyamstedo.gt B5AVIDY anapht hal ene

di i socyanate .(e.qg. 5-NDI) or mxtures of these isocyanates can al so
preferably g‘ﬂ’é%d’.f%lpeﬁe bsrofg‘ﬂﬂafﬂsé?n iso8 ‘Fr?bli'g’egﬁ‘ts%rln 8{16‘“8 hE?W‘?(VﬁF)vm aromatic
and/ or api phtdr GnyBIREr knd¥r arofnatic afl/oPMHphhtmbhONAL-, i 3Pp¥NRIcRSndan al so be
used for the blending. The MD products produced by the process according to
t he inventi dsocyartakesaan disb bnased/far the Hladimgi dity can be enpl oyed for the

conventional nodification 15 reactions of isocyanates, such as, e.g. ' for
carbodiimdisation by tenperature increase or addition of phosphol ene

oxi des and fige MDEpRUREY pEJdABedby the PrQRBEIURERIinBIRIindBntidhewiRE bodi i mi des,
or for the production of prepolyners from O+ functional polyesters,

C2/ C3/ C4 poldgtnéteyadye fgr acidity parsbe emplopérhioa thesconpéniiopelomodificairama deri vati ves.

20 15  reactions of isocyanates, such as, e.g., for carbodiimidisation by temperature
increase or addition of phospholene oxides and for the production of uretonimines
based on the carbodiimides, or for the production of prepolymers from OH-
functional polyesters, C,/C3/C4 polyethers, uretdiones, allophanates, biurets or
urea derivatives.

20
The fractions of diisocyanates of the diphenylmethane series produced according
to the present invention are used as, among other things, blend components for
other di- and polyisocyanates from the MDI series, and/or other isocyanates for
the production of isocyanate components for use in the production of

25  polyurethanes. The finished articles to be produced from these blended products
cover the entire field of polyurethane chemistry. The following are mentioned
here as examples: rigid foams for the insulation and refrigeration equipment
industry, packaging foam, flexible foam and flexible moulded foam for furniture

and the automotive industry, applications in the spectrum of the CASE,

30  applications (coatings, adhesives, sealants, elastomers), semi-rigid PU foams, etc.



The fractions of diisocyanates of the di phenyl net hane series produced
according to the present invention are used as, anong ot her things, blend
conponents for other di- and pol yi socyanates fromthe MD series, and/or
ot her isocyanates for the production of isocyanate conponents for use in
t he production of 25 pol yurethanes. The finished articles to be produced
fromthese bl ended products cover thejgntire field of polyurethane

chem stry. The follow ng are nentioned here as exanples: rlgld foans for

t he i nsul at Adkraages used trepshant the peegentpapligation grpuselngive pherpegiang f oam
flexible f fd | t onDt |
ndustry,  ansid ayis, S SihdiRieSted A TehBs b pRkHAE g1 U WP PO Ve

(coati ngs, adhbﬁth@SQfLﬁ@af and loweelimsts dAelusy e, wnbsss othegiide Rutefloans, etc. - 14-

Al'l ranges used throughout the present application are inclusive of upper
and lower limts, unless otherw se stated. All ranges provi ded may al so use

any 5 combi "]?(E)}f?l[bvﬂfl ﬁaﬁgth%;urtitédrté H%t%izss {o'rrg}ti:‘e eﬂféée‘é? 1Y GVt Bhe”’"‘ S€

stated. The OW n det a| for the process of
t hi s i nvent iTbainveftien, |wlmE}n1lS|seufprthm the fms:gsmg disotdshrei i3 rtolnm beolirged ng

di scl osure, not t.o be limted e|t r sco by. t hese

exanpl es. TﬁBEeé i RpiFif %rdSCPHeg;h thesg ?an Fba%?. %}fefonﬁw wfibwsadithar known
vari ati ggs %dérﬁtgn&@iaﬁtﬁdv@ﬁ@arfaﬁoﬁmtB@l:é,rmMﬁ &&%ﬁ%ﬁfg r6@AuRs used.

Unl ess otherw se noted, all tenperatures are degrees Cel SI us and all

per cent ages car ke p@dc@nltewgcﬁherb»ysamtghall teBpdEXANPlafeSIdgxerbledsivs nddillust ment  of

the acidity o PVMDI.)): 11 batches of a polyneric MDI were
pr oduced bypg&cgﬁggeé)a}/emq: eéi’gc‘f‘felglﬁ'e process described above in

accordance with the present invention. The 11 batches 20 had a content of
3-ring MDI and nmulti-ring MD of 46 to 49 wt.% In step d), the acidity of
the individual batches was determ ned analytically. This determ nation of

t he aci (ligty occurred by the foll O%@@Aﬁw:

Example 1 (Adjustment of the acidity of a polymeric MDI (PMDI)):
11 batches of a polymeric MDI were produced by steps a) through c) of the
process described above in accordance with the present invention. The 11 batches

20  had a content of 3-ring MDI and multi-ring MDI of 46 to 49 wt.%.

In step d), the acidity of the individual batches was determined analytically. This
determination of the acidity occurred by the following method:
About 6 g of the MDI polymer sample were weighed to an accuracy of at least

25  0.01 g into a 250 ml beaker. 60 ml of chlorobenzene were then added and the MDI
sample was dissolved in the added quantity of chlorobenzene. Then, 100 ml of
methanol were added to the solution, the beaker was covered and the mixture was
stirred for 30 min at ambient temperature using a magnetic stirrer. Finally, the
mixture was titrated acidimetrically, using a methanolic potassium hydroxide

30  standard solution with a molar concentration of approx. 0.01 mol/l, with a

potentiometric end-point display.



About 6 g of the MDI polymer sanple were weighed to an accuracy of at | east
25 0.01 ginto a 250 m beaker. 60 m of chlorobenzene were then added and
the MDI sanple was dissolved in the added quantity of chl orobenzene. Then,
100 M of nmethanol were added to the solution, the beaker was covered and
the mxture was stirred for 30 mn at anbient tenperature using a nmagnetic
stirrer. Finally, the mxture was titnated acidinetrically, using a

met hanol i ¢ pota55|un1hydrOX|de 30 standard solution with a

concent r at i dire@palyppshpwedphatithedividuglbatches hﬁS‘o%“eﬁ’itql?Yrﬁft“rlr(b*/eﬁ&fﬁél nt

di splay. - .ches had an
acidity of 41 /k6g lh%élﬁ%ﬂﬁ%&tﬁ%qwrle?\ﬂﬁﬁ g{ag ?zg?{l‘l ?kl\é{lgl'ltlj gf };P@%M th a relative
st andar d5devn aitcp (eh thd 1 ILKatelés ob thepdyeerieMDItwere tHenbdjsiedso ah atidéey pbl yneri c

Standar oi sed 00 41 (el iRaTosntiiRed v ithe ek nihloReE epber 't e

quantity of tl'i‘iX%l{lftff%%] éﬁé%lﬁhh@eoﬂ?@ d&ﬁ@ﬁ@nﬁ@?aﬁ?&ﬁed Refleuitialviadapt ch to

adj ust the aci kg was netered After the adj ust nent,
the vari abi Ihatcyt@ﬁdwktahamldmtyw W9 g §1 ' igswasl eteieyl 1ho&\&¢rthdmﬂjusu‘r}ent3 5 ny

H+/ kg, 10 rel ative.stapdard. deviation (Adj pst ment of the
Py of ysabl dhoHTIDIRE SEBRAGHEY Famer o HEPR L IONER IO For-SiBRAIEE ¢ MDY, t he
aci dityiof tbeidIatRed d8kif10K NNed).as the hydrol ysabl e 15 chlorine value. 85
bat ches of a nononeric MDI were produced by steps a) through c) of the
process descrl bed above in accordance with the present invention. The 85

bat ch 2- f.>98 2 wt.% T di vi dual 2- VDI
somors wer delb A Aahelr e B o wBlecintion R iR ot R 0 1A
98.0%, 2,4MDMD (< 2.0% and 2 2'-MDI (< 0.3%, based on the sum (i.e.

t ot al \/\/elghtF) of the 2- rlngh i soners.
or monomeric MDI, the a01d1ty of the MDI was determined as the hydrolysable

15  chlorine value.

85 batches of a monomeric MDI were produced by steps a) through c¢) of the
process described above in accordance with the present invention. The 85 batches
had a 2-ring MDI content of >98.2 wt.%. The individual 2-ring MDI isomers were
20  contained therein in the following quantities: 4,4'-MDI (> 98.0%), 2,4'-MDI (<
2.0%) and 2,2"-MDI (< 0.3%), based on the sum (i.e. total weight) of the 2-ring

MDI isomers.

In step d), the hydrolysable chlorine value was determined. This determination of
25  the hydrolysable chlorine value occurred by the following method:
About 10 g of the MDI monomer sample were weighed into a 500 ml Erlenmeyer
flask. The MDI monomer was then melted in a boiling water bath and dissolved in
40 ml of chlorobenzene. Then, 100 ml of propanol-(2) were added, the
Erlenmeyer flask was covered and the reaction mixture was stirred for 5 min at
30 ambient temperature using a magnetic stirrer. 100 ml of methanol were then added
and the mixture was stirred for a further 5 min at ambient temperature. Next, 100

ml of water were then added, a reflux condenser was attached and the reaction



In step d), the hydrol ysable chlorine value was determ ned. This

determ nation of 25 the hydrol ysable chlorine value occurred by the

foll owi ng net hod: About 10 g of the MDI nononer sanple were weighed into a
500 mM Erlenneyer flask. The MDI nononer was then nelted in a boiling water
bath and dissolved in 40 m of chlorobenzene. Then, 100 m of propanol-(2)
were added, the Erlenneyer flask was_gguered and the reaction m xture was
stirred for 5 min at 30 anbi ent tenperature usi n(? a magnetic stirrer. 100 ni
of met hanol mu&tuse Wag heaterbitodboilingipainte Wiilg being sties anterrfgdmmm-aAﬁ‘Hrther 5 min

at anbient t e 0 r , refl ux
condenser vvacgggf ’gg)gléldp fé@ﬁ%g%%eagg I gﬁ&}éf@lg{ﬁg X uc‘?g&év}\ggr ) %g%@ gﬂtht@ o boiling
poi nt, wW§i | aithdbongushig 4 sibdr gieratd srarfdard sslutiennwvitlhh bilar coaednittagon 60 m  of
acetone were added through the reflux condenser. Finally, the 5 titration,
using a si | VAPPT; 9109381%/?@%? gosBlRmetER PRI disBlaXr concentration of
approx. 0.002 nol/l, with a potentionetric end-point display. The anal ysis
showed that the individual batches have a hydrol ysabl e chl orine content

t hat vari es Tierdnelykig showed that thadindividuallbabvhech®es.a hildeolsabicodhyeradel e chl ori ne
10 content is 27.4 +/- 5.3 nmg HCl/ kg for the 85 batches, w th relative
standard devnin @’ﬁt varieg uaghgdly réfaeelﬁdwéuar eiclzs. bl BXBRL SO EHBRER | c ND
were th adj 3 I N T / kg

(cal cul gt@ed%é)g&h?:ﬁzt@t ﬁ’ngﬁﬁ{&? ?éﬁﬂ%af?fj%%? > %&"%ﬁ%ﬁﬂﬁ**ﬁ%ﬁ%fﬁgﬁ%ﬁ? di chi ori de.
For this purqemtpnbbéd.duantity of isophthal oyl dichloride 15 needed for each

i ndi vi dual hatch to,agjust,the hydrol) e chlorine value, t 0 ng HCl / kg
was. et or ed IPREP Phae EoBHERE BRI O Dl el boh B e o 2h Galsaibat ch,
di ssol ved i nohforffleXbieht &f 10@5{’{%/@ (Mculffd 4 ACT, MahdAatke@ 24BY) tYtaddie _
2,4 -NDI. After the adjustnment, the variability of the hydrolysabl"e chlorine
cont ent s wassaphgtwldyy dichlveide( H@Chis/puri®se, thyqid@ititkof iso@itloylalidtemdtar d
deviatiqlg 20 a’ad?;fo/q_ T . .

needed fof each individual batch to adjust the hydrolysable chlorine value to 100

mg HCl/kg was metered in. The isophthaloyl dichloride was added as a

masterbatch, dissolved in a mixture of 45% by wt. of 4,4'-MDI and 55% by wt. of

2,4'-MDI. After the adjustment, the variability of the hydrolysable chlorine

contents was clearly lower (100 +/- 3.3 mg HCl/kg; relative standard deviation

20 3.3%).

Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the

25  spirit and scope of the invention except as it may be limited by the claims.



Al t hough the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely
for that purpose and that variations can be nade therein by those skilled
in the art without departing fromthe 25 spirit and scope of the invention
except as it may be limted by the clainms. - 17 WHAT IS CLAIMED IS: 5 1. A
process for the production of di- and-pgl-yi socyanates of the

di phenyl net hane series and ni xtures thereof, conprising a) reacting aniline
and for mal d MHAL INCLMMERIShce of an acid catalyst to formdi- and

pol yam nes of the di phenyl met hane series, b) phosgenating the di- and

pol yarni nes of the di phenyl nethane series from 10 a), optionally in the
presence5of la A(plrwesﬂfortlw prbdlaitilona)fd'r-tadépd]yisoayuhatqmlfyhesocyanat e, O
separati ng %t st .one fraction cont %tng l.,east 5 wt.% of 3-ring NM
and mul ti-ri ethae serfes|agd Qpxigirgs t ‘i’rﬁ YRPEBRE ai ni ng at | east 95 wt. %

2-ring M, a? r Omréalaﬁng Atiflge Qﬁd fo%BQIdQHydé' ifi A/ FHBENEe oP¥n 591? tdthly&tibon, 15 d)

determining the acidities of fraction containing at least 5 wt. A)S r|ng
MDI and nul ti -r| igrmviDi- pn‘hpolb'@tmrtehef fhealiphicoplmatimenaisediesy at | east 95 wt.

2-ring M, aci di d actian contai ni ng at
Fenst U5 ut | 533 26npseRitign the fiy e P famiins b dishri Bre b nBSy SR on
contai nijpg at Ieasytopaénalwm%@p&séﬁgeMpéolvéﬁqia ook a thRledfSinged acidity of
each fraction is “achieved .- The process of Claim1l, wherein the acidic

conmpound added |m0b')sop)3a®€ﬂ,ect ed 25 fromthe group consisting of aliphatic
carboxylic acid hali

boxyl i d_haljd i ph
carboxyl 1o 861 narraee a4 ReSlie ErebEh pripiabe o Faus R S mmEXALP™! | PRALT €

and multi-ring MDI, and at least one fraction containing at least 95 wt.%
2-ring MDI, from the crude di- and polyisocyanate, by distillation,
15 d) determining the acidities of the fraction containing at least 5 wt.% 3-ring

MDI and multi-ring MDI, and/or the fraction containing at least 95 wt.%

2-ring MDI,
and
e) adding an acidic compound to the fraction containing at least 5 wt.% 3-
20 ring MDI and multi-ring MDI, and/or to the fraction containing at least 95

wt.% 2-ring MDI, such that the desired acidity of each fraction is

achieved.

2. The process of Claim 1, wherein the acidic compound added in e) is selected
25  from the group consisting of aliphatic carboxylic acid halides, aromatic carboxylic

acid halides, cycloaliphatic carboxylic acid halides and mixtures thereof.

3. The process of Claim 1, wherein the acidic compound added in e) is selected
from the group consisting of aliphatic carbamic acid halides , aromatic carbamic

30 acid halides, cycloaliphatic carbamic acid halides and mixtures thereof.



3. The process of Cdaim1, wherein the acidic conpound added in e) is
selected fromthe group consisting of aliphatic carbam c acid halides ,
aromatic carbamic 30 acid halides, cycloaliphatic carbam c acid halides and
m xtures thereof -18- 4. The process of Caim1l1, wherein the acidic conpound
added in e) conprises one or nore acidic chlorosilane compounds. 5 5. The
process of Caim1l1, wherein the acidicigonpound added in e) conprises one
or nore sulfonic acid halides. 6. The process of Claim1, wherein the acidic
conpound adfledherpragess ehlaing ds whewminothe agidiorsmposad Bdded ine) semariseshydr i des.

7. The proc JEP e) an inert transition netal
conpound Igﬁe;drd%%r%agid%éhlgl‘r’g@%rﬁh {d ﬁl ons in addition to the acidic
conmpounds 15 8. The process of Claim?7, wherein the inert transition netal
conpound contains a nefal fron1subgroup VIIl of the periodic table. 9. The
process of & aihnmsocsiherl elaimdhheisinthe peigin commpuad pddad in ey Fompaseser i odi ¢
table is irgp, oﬁﬂoﬁe%u fmﬁ gfd%ﬁﬁés of Caim?7, wherein the inert transition
nmetal compound is ec ed fromthe group consisting of iron

acetyl acetonate, a hallde of a metal from subgroup VIII of the periodic

tabl e and zinc_chloride
6. The process of Claim 1, wherein the acidic compound added in €) comprises

10  one or more carboxylic acid anhydrides.

7. The process of Claim 1, wherein in step €) an inert transition metal compound

is added to one or both fractions in addition to the acidic compound.

15 8. The process of Claim 7, wherein the inert transition metal compound contains

a metal from subgroup VIII of the periodic table.

9. The process of Claim 8, wherein the metal from subgroup VIII of the periodic
table is iron.

20
10. The process of Claim 7, wherein the inert transition metal compound is
selected from the group consisting of iron acetylacetonate, a halide of a metal

from subgroup VIII of the periodic table and zinc chloride.



