.As originally filed BASF Aktiengesellschaft July 20, 2005 BO02/0433PCSG
| B/ XS/ cca'5 Production of high-concentration formal dehyde sol utions The
i nvention relates to a process for preparing high-concentration formal dehyde
solutions. 10 Fornal dehyde is an irrpo_r@gnt i ndustrial chem cal and is used
to produce nunerous industrial products and consuner articles. Over 50
branches of industry at present nake use of formal dehyde, essentially in
the for rASfOE@naﬂsx fded i ons or fornal dehyde-contai ning synthetic resins.
Commerci al Iy avai |l abl e agueous formal dehyde sol uti ons have total
concentrations of from20 to 55% by wei ght of formal dehyde in the form of

nonomer igASH Ak{iONgERdifemurde, methyl ene gl ycol and ol i goneri cyppbyoaoset hyl ene
glycols. Water, nononeric (free) fornal dehyde, mtﬁﬁﬁ/ﬁ@%ﬂ?%% a

ol igoneric pol yoxynethylene glycols having various chain lengths are
present together in aqueous solutions in a thernodynanic equilibrium which
I's characterized by a particular distribution 20 of pol yoxynethyl ene glycols

of disffering | engt PRedution o€ high-éesticemratiow fornhdaéhyde soldiont i on” al so refers
to formal dehyde solutions in which virtually no free water is present
essentially only in chemically bound formas nethylene glycol or in the
termnal OH groups of the pol yoxynethylene glycols. This is particularly

true of concentrated formal dehyde sol utiaons. Pol yoxymnethyl ene glycols can
have, f drhedRy¥gpsipa relatesin DProgess tpafsRARg higheconsentfition .fonwiqhyaq% YaEthy| ene
gl ycol, trioxynethylene glycol, tetraoxymethylene glycol, pentaoxynethylene
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(hi gher mol'ecul’ar wel ght) pol yoxynet ene glycofs can be brought about by
renoival fermaldehvde, methyleas glypoland pligpmpriepelyatymatiaylprmnglyeply fil m evapor at or.
The establ i shnent of
Water, monomeric (free) formaldehyde, methylene glycol and oligomeric
polyoxymethylene glycols having various chain lengths are present together in aqueous
solutions in a thermodynamic equilibrium which is characterized by a particular distribution
20  of polyoxymethylene glycols of differing lengths. The term “aqueous formaldehyde
solution” also refers to formaldehyde solutions in which virtually no free water is present
essentially only in chemically bound form as methylene glycol or in the terminal OH groups
of the polyoxymethylene glycols. This is particularly true of concentrated formaldehyde
solutions. Polyoxymethylene glycols can have, for example, from 2 to 9 oxymethylene
25  units, Thus, dioxymethylene glycol, trioxymethylene glycol, tetraoxymethylene glycol,
pentaoxymethylene glycol, hexaoxymethylene glycol, heptaoxymethylene glycol,
octaoxymethylene glycol and nonaoxymethylene glycol can be present together in aqueous
formaldehyde solutions. The distribution is concentration-dependent. Thus, the maximum of
the distribution in dilute formaldehyde solutions corresponds to homologues having a short
30 chain length, while in more concentrated formaldehyde solutions it corresponds to
homologues having a greater chain length. A shift in the equilibrium toward longer-chain
(higher molecular weight) polyoxymethylene glycols can be brought about by removal of
water, for example by simple distillation in a film evaporator. The establishment of
equilibrium in this case occurs at a finite rate by intermolecular condensation of methylene



equiJibriumin this case occurs at a finite rate by internol ecul ar
condensation of nethylene -2 glycol and | ow nol ecul ar wei ght

pol yoxynet hyl ene glycols with elimnation of water to form higher nolecul ar
wei ght pol yoxynet hyl ene gl ycol s. Howevgr, the high-concentration

f or mal dehyde sol utions obtained by rerfoval of water are 5 unstable in the
sense that precipitation of solids occurs after a certain tinme. The
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formal dehyde ol i goners. or. t byl ene glycols. It is known that

noder at i?‘é' télgﬁ%éﬂ@%u[l%rd”?l%}?tr?ﬁ:l &é‘ﬁé’g@ﬁ%& (’logh)s/ havi ng CH20 contents of up

to about 50% by weight can be m xed with about 0.2- 2% by wei ght of nethanol
tab
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aqugeus 25 fornal dehyde soI ution having a | ower CH20 content by evaporation
of part _of this sofitgtlon artial evaporation), in whjch.the agueous
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case, the precipitation of solids should be sufficiently small for the resulting suspension to
20  be able to be conveyed in industrial apparatuses. In general, this is the case when the solids

content is up to 10% by weight.

We have found that this object is achieved by a process for preparing high-concentration
formaldehyde solutions having a CH,O content of > 50% by weight from an aqueous
25  formaldehyde solution having a lower CH,O content by evaporation of part of this solution
(partial evaporation), in which the aqueous formaldehyde solution is heated to an
evaporation temperature T at which the gas phase becomes enriched in water relative to the
liquid phase and the gas phase formed is taken off continuously or discontinuously, wherein
the evaporation temperature T obeys the relationship:
30
T [°C] < Tmax [°C}

where Tpax(¢) = A + B x (¢/100) + C x (¢/100)* + D x (¢/100)°
and
35  A=+68.759,B=+124.77,C=-12.851,D =- 10.095,



t he evaporation tenperature T obeys the relationship: 30 T[C < T,ax [(
where Ti(e¢) = A+ B x (¢/100) + Cx (¢/100)2 + Dx (c/100)3 and 35 A = +
68.759, B =+ 124.77, C= - 12.851, D= - 10.095, -3 where c is the

i nst ant aneous CH2O content of the aquepus f or mal dehyde sol uti on during the
evaporation in percent by weight and i's from20 to 99% by wei ght. Preference
IS given to using an aqueous formal dehyde sol uti on having a CH20 content of
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condénsi ng steam or by rreans of Si ngl e-phase |iquids or gases. Evaporation
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sol ijd  useful. These can be operated in cocurrent, countercurrent or cross-current. Heating can be
carried out by means of any media, for example using condensing steam or by means of
single-phase liquids or gases. Evaporation of the aqueous formaldehyde solution can be
carried out in a single pass through the evaporator or with circulation. If, in particular,
complete evaporation is sought, a single pass of the formaldehyde solution through the

20  evaporator will generally not be sufficient.

Evaporation can also be carried out in a column, for example a bubble cap tray column.

The formaldehyde solution is preferably evaporated at a temperature at which no solid
25  precipitates. Particular preference is given to maintaining a temperature at which no solid
precipitates at every point in the evaporator. For example, this temperature is maintained
both in the evaporator itself and, when the evaporator is operated with circulation, in the
circuit through which circulation occurs and, when the aqueous formaldehyde solution is
taken off, in the facilities downstream of the evaporator.
30
For this purpose, a temperature which obeys the relationship

T [°C} > Twin [°C]
35 where Tmin(C) = A* + B* x (¢/100) + C* x (¢/100)* + D* x (c/100)*

and
where A* =+ 6.0156, B = + 52.918, C* = + 49.699, D* =+ 34.286,



25 precipitates. Particular preference is given to maintaining a tenperature
at which no solid precipitates at every point in the evaporator. For

exanple, this tenperature is maintained both in the evaporator itself and,
when the evaporator is operated with cArcuIatlon inthe circuit through
whi ch circul ation occurs and, when the"aqueous fornal dehyde solution is
taken off, in the facilities downstream of the evaporator. 30 For this
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15 Howe to avoi d deposits on the heat
exchanger surfaces the additions of catalyst should be kept snall.
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fromsO. Jdwevér, BREest reasons and also to avoid deposits on the heat exchanger surfaces, the
additions of catalyst should be kept small. Catalysis can be carried out homogeneously or
heterogeneously in a suspension or fixed-bed mode.

In general, the pressure during the partial evaporation is in the range from 0.02 to 50 bar,
20  preferably in the range from 0.1 to 17 bar.

The partial evaporation can be carried out continuously or batchwise. In a batchwise mode
of operation, the partial evaporation is carried out, for example, in a simple stirred vessel.
The partial evaporation can also be carried out continuously in a film evaporator or thin film

25  evaporator, as described in EP-A 1 063 221, or in a helical tube evaporator, as described in
DE-A 27 19 967.

The process of the present invention preferably starts out from moderately concentrated or
highly concentrated formaldehyde solutions having a CH>O content of from 30 to 95% by

30  weight which have been stabilized against precipitation of solids as described below after
they have been prepared.

Relatively highly concentrated formaldehyde solutions containing, for example, > 70% by
weight of CH,O are initially obtained as a single phase in the preparation at low
35 temperatures of from about 20 to 50°C. However, precipitation of solids occurs after a
certain time. The cause appears to be growth of the polyoxymethylene glycol chains in the

formaldehyde solution until the solubility limit is exceeded. The solutions can be stabilized



The partial evaporation can be carried out continuously or batchwise. In a
bat chwi se: node’ of operation, the partial evaporation is carried out, for
exanple, in a sinple stirred vessel. The partial evaporation can al so be
carried out continuously in a filmevaporator or thin film 25 evaporator, as
described in EP-A 1 063 221, or in a helical tube evaporator, as described
in DE-A 27 19 967. The process of the present invention preferably starts
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The high-concentration formaldehyde solutions obtained can be used for a large number of

20  chemical reactions. Examples of such reactions are

o the reaction of acetylene with formaldehyde solution in a Reppe reaction to form
butynediol which can be hydrogenated to give butanediol;

25 e aldolization reactions of formaldehyde with itself or with higher aldehydes to form
polyhydric alcohols and sugars, pentaerythritol, trimethylolpropane and neopentyl
glycol;

¢ the reaction of formaldehyde and CO to give glycolic acid;
30
¢ the preparation of chelating substances such as glycol nitriles from solutions of
formaldehyde;

e the reaction of formaldehyde with olefins in a Prins reaction to give alpha-
35 hydroxymethyl compounds;



15 Stabilization and evaporation of the high-concentration aqueous

f or mal dehyde sol utions are preferably carried out in one apparatus. The

hi gh-concentration fornal dehyde sol uti ons obtai ned can be used for a |large
number of 20 chemi cal reactions. Exanples of such reactions are the
reaction of acetylene with formal dehyde solution in a Reppe reaction to form
but ynedi ol whi ch can be hydrogenated to give butanediol; 25 aldolization
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aci d; 30 dipkenylregthanediagringsif chel ati ng subst ances such as glycol nitriles
fromsolutions of formal dehyde; the reaction of formal dehyde with ol efins
in a Prins reaction to give al pha- 35 hydroxynethyl compounds; -6
condénsat i sAction et hydiex yigmincw h ferarsldelyds tofoEmoRERESsuch as ani | i ne or
toluidine to form Schiff bases which can react further to give
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wi t h di ol sfokmaltietiyile ¢y €drincdiekdlates, for exanple of glycol and fornal dehyde to
form di oxol ane. 10 This listing is not exhaustive. Textbooks on organic

chem stry and industrial chem stry give further exanples of reactions.
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e.g. OoXiggeall fdd dfabQanic chemistry. The products obtained include both small tonnage
intermediates in the pharmaceuticals or crop protection sectors, e.g. oximes, and large

15 tonnage products such as diphenylmethane derivatives.

The high-concentration formaldehyde solution prepared according to the present invention
is particularly preferably used for preparing polyoxymethylene plastics. The preparation of
polyoxymethylene plastics is described, for example, in the German patent application

20 DE 101 58 813.5, which is not a prior publication. The use of the high-concentration
formaldehyde solution for preparing trioxane or tetraoxane in the liquid phase is also
preferred. Preference is also given to using the high-concentration formaldehyde solution
for preparing polyoxymethylene dialkyl ethers by condensation with alcohols.

25  The invention is illustrated by the following examples.
Examples

Example 1
30
In a laboratory experiment, a high-concentration formaldehyde solution is prepared in a thin
film evaporator in a single pass. The evaporator has an evaporation area of 0.092 m” and a
length of 1.1 m. A 48% strength by weight aqueous formalin solution is introduced at the
top. The flow rate is 615 g/h. The wall temperature is 90°C and the pressure is 80 mbar, At
35  the bottom, 298 g/h of a high-concentration formaldehyde solution having a concentration
of 84% by weight are taken off. 321 g/h of vapor are taken off at the top. The solution from
the bottom is conveyed by means of a laboratory pump into a heated standard laboratory



15 tonnage products such as di phenyl met hane derivatives. The

hi gh- concentrati on formal dehyde sol ution prepared according to the present
invention is particularly preferably used for preparing pol yoxynethyl ene

pl astics. The preparation of pol yoxyngt hyl ene plastics is described, for
exanple, in the German patent application 20 DE 101 58 813.5, which is not a
prior publication. The use of the high-concentration formaldehyde sol ution
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f or mal dehyde solution is preparéd in a thin filmevaporator in a single
pass’ The evaporator has an evaporation area of 0.092 n2 and a |ength of
1.1 m Axdgigiedrength by wei ght aqueous formalin solution is introduced at
the top. The flowrate is 615 g/h. The wall tenperature is 90C and the
pressure is 80 nmbar, At 35 the bottom 298 g/h of a high-concentration
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mai ntained at an internal tenperature of 130C. A liquid streamof 64 g/his
taken off fromthe reactor. A gas streamof 234 g/h is taken off fromthe
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20 tipeorsabirt ddkehloff #Ih@fgh is 77.2% by weight. At the bottom of the column, 1.85 kg/h of a

more concentrated solution having a formaldehyde content of 87.3% by weight are taken

off. The temperature of the stream taken off at the bottom is 122°C.



10 an internal dianeter of 50 mm The pressure at the top of the colum is
2.0 bar. A formal dehyde sol ution containing 84% by wei ght of fornal dehyde is
introduced into the colum on the tenth theoretical plate. The flowrate is
2.8 kg/h, and the tenperature is 107C, 0.93 kg/h is taken off at the top of
the colum. The fornmal dehyde content o "the 15 streamtaken off at the top
is 77.2% by weight. At the bottomof the colum, 1.85 kg/h of a nore
concent Vé¢ eldirs:ol uti on havi ng a fornmal dehyde content of 87.3% by weight are
taken off. The tenperature of the streamtaken off at the bottomis 122C.
-8 W claim 1. A process for preparing high-concentration formal dehyde
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of this solution (partial "evaporation), in which he aqueous forml dehyde
sol ufion is K&kOeePntent B cxipgsaiion ?Qfﬁ*’% fripisrsaiution (rargal evgrpRHoR & Whichyhase
]pecorTSS_ en [i ﬁ}&eaq%e?um@aldenb&l; sIatib® id 'ﬁ@at%{i @oliadl fﬁ&ﬁ&@ti@ﬁl%rhﬁttﬁﬁmﬁﬁ&‘ #hase
ornmed is taken off confinyous or. di scontj nuqusly, rein e

evapor at i on t"gﬁ’rﬁ‘e‘ihﬁtgl% Bhﬁseg’ﬁé%gﬁ ‘FFE‘C?‘E‘ER PaIgE ﬁaﬁt.“’%@ &F‘&Pd&%@q B where
Tm (c) = A +gBs Xphlasy ¥0fed+ iC tukenC HOQPRIntolslx O /dlRONBnucasly, kbheteia the68. 759,
B =+ 124.77,C=- _12.851 - 10095 re. c 4.5 the instantaneous CH20 cont ent
of the aqueoﬁgaﬂoa%[%lﬁ%ﬂ%@%esgIoﬁﬁsot}rlll\@% Olnﬁlblp't he evaporation in percent by
weight and is from20 to 99% by weight. 20 2. A process as clainmed in claim
1, wherein the aqueous fornal deh—rcﬂqj]sgl-[uti[?@] used as starting material in
the process has a CH20 content of ‘from I'f t 6 95% by wei ght. 3. A process as
claimed in claim?2, wherein the agueous fornmal dehyde sol uti on used as

star thlt ngzgat QFtedd TrL,J{(c; hey P'H%@@:?ﬁ)d?a-sc ﬁ(@l‘@@z Q—%‘k‘i‘ﬂﬁo@bﬁ from30 to 85% by
wei ght .
and

15 A=+68.759,B=+124.77,C=-12.851, D =- 10.095,

where c is the instantaneous CH,O content of the aqueous formaldehyde solution
during the evaporation in percent by weight and is from 20 to 99% by weight.

20 2. A process as claimed in claim 1, wherein the aqueous formaldehyde solution used as
starting material in the process has a CH>O content of from 10 to 95% by weight.

3. A process as claimed in claim 2, wherein the aqueous formaldehyde solution used as
starting material in the process has a CH,O content of from 30 to 85% by weight.

25
4. A process as claimed in any of claims 1 to 3, wherein the pressure during the partial
evaporation is from 0.1 to 50 bar.
5. A process as claimed in any of claims 1 to 4, wherein the high-concentration
30 formaldehyde solution obtained has a CH;O content of from 50 to 99% by weight.
6. A process as claimed in any of claims 1 to 5, wherein a temperature which obeys the
relationship
T [°C] > Thin [°C]
35

where Tmin(€) = A* + B X (¢/100) + C* x (¢/100)* + D* x (c/100)*

and



4. A process as clainmed in any of clains 1 to 3, wherein the pressure during
the partial evaporation is fromO0.1 to 50 bar. 5. A process as clained in
any of clainms 1 to 4, wherein the high-concentration 30 fornal dehyde
sol ution obtained has a CH20 content of from50 to 99% by weight. 6. A
process as clainmed in any of clains 1-%0 5, wherein a t enper at ure whi ch
obeys the relationship T[C] > Tmn [C 35 where T,,,i" (¢c) = A + B x
(c/100) + C whetecA18@)QR0H56DB x « §2.900) )3 = an9l699 Dihes 84486~ + 6. 0156, B = +
52.918, C = + 49.699, D = + 34.286, where c is the instantaneous CH20
content of the aqueous fornal dehyde solution during the evaporation in
percent by wevhght c anthei mstanane®B €ld:(92ontont ofeihghiquednsi ormalidahadensdution t he
aqueous for VRI2H ht/- A process
as clainmed Fﬁhgﬁgﬁfé%vﬁ rhﬁdrp@ p%}ccgé’l%\ﬁe@gil zin}Idt hgmgg)por at'| éﬂwi t’he aqueous
f or mil dehy de isrH4iRs ip sheaguepesfornaldehyds selufipr akpvwaspQint indhesiapertary wound
tube, a filmevaporator or another apparatus havi ng heat exchanger
characteristics. 10 8. A process _as.clainmed in an ]h?'io 7, wherein
the aquéous fﬁbpwsa@hy@gne BawicdRlaimed 196, @h%{?@.tﬁ@evr@pmoapff aQEWSpr ocess
Ih_S Er epared Iyrnetdeth d‘dﬁuté&ﬁibydfrﬂglﬁﬂat iroa siifredetitanal helﬂzﬁllfawoﬁh& tutsee aof t he
i gh-concentration 1orm e solutjon o e .process
Cl 2t med T i GvaRgr oA ot gpgrety bag Rl SR B BRSNS or ast | o,
tri avane, tetraoxane and pol yoxynet hyl ene di al kyl ethers.

8. A process as claimed in any of claims 1 to 7, wherein the aqueous formaldehyde

solution used as starting material for the process is prepared by oxidative

dehydrogenation of methanol.

15 9 The use of the high-concentration formaldehyde solution obtainable by the process
as claimed in any of claims 1 to 8 for preparing polyoxymethylene plastics, trioxane,
tetraoxane and polyoxymethylene dialkyl ethers.



