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hi gh- con j f or mal dehyde sol utions The present invention relates to a
met hod o%%gﬁﬁg%??gﬁﬁg hi gh-concentration fornmal dehyde sol utions agai nst
precipitation of solids. 10 Fornal dehyde is an inportant industrial chemni cal
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for exanple by 35 distillation with” a superinposed condensati on reaction in
a filmevaporator. The establishnment of equilibriumin this case occurs at
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20 solutions in a thermodynamic equilibrium which is characterized by a particular
distribution of polyoxymethylene glycols of differing lengths. The term ‘“aqueous
formaldehyde solution™ also refers to formaldehyde solutions in which virtually no free
water is present and water is present essentially only in chemically bound form as
methylene glycol or in the terminal OH groups of the polyoxymethylene glycols. This is

25  particularly true of concentrated formaldehyde solutions. Polyoxymethylene glycols can
have, for example, from 2 to 9 oxymethylene 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

30  distribution is concentration-dependent. Thus, the maximum of the distribution in dilute
formaldehyde solutions corresponds to homologues having a short 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

35  distillation with a superimposed condensation reaction in a film evaporator. The

establishment of equilibrium in this case occurs at a finite rate by intermolecular



condensation of nethylene glycol and | ow nol ecul ar wei ght pol yoxynet hyl ene
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concentration formaldehyde solutions against precipitation of solids.

We have found that this object is achieved by a method of stabilizing high-concentration
25  formaldehyde solutions having a CH,O content of > 70% by weight against precipitation
of solids, which comprises heating the high-concentration formaldehyde solution at a
heating rate of at least 5°C/min to a temperature of from 80°C to 200°C immediately after

it has been prepared and storing it at a temperature in this range.

30 Although it is known that the solubility of formaldehyde increases in water at higher
femperatures, heating such high-concentration formaldehyde solutions for the purpose of
stabilization has hitherto been ruled out. This is because of the prevailing opinion that the
rate of the condensation reaction and thus the rate of growth of the polyoxymethylene
glycols increases at higher temperatures and premature precipitation of solids will occur as

35 aresult. It is therefore especially surprising that high-concentration formaldehyde solutions

can nevertheless be thermally stabilized.



-3 The hi gh-concentration fornmal dehyde solution is heated at a heating rate

of at to a tenperature of from80C to 200C i nmedi ately after
it has bgﬁ(i?()%(%%g%% and is stored at a tenperature in this range. Wen a

tenperature of at |east 80C has been reached, heating can be continued at a
| ower heating rate or else the formal dghyde solution 5 can be left at the
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The heating rate is preferably at least 10°C/min. A heating rate of at least 10°C/min is
preferred particularly when the pH of the solution is less than 3 or greater than 6. The
solution is preferably heated at the specified heating rate to at least 90°C, particularly

25  preferably at least 100°C, and the temperature subsequently does not go below this value.
The final temperature is preferably not more than 150°C, particularly preferably not more
than 135°C.

The pH of the high-concentration formaldehyde solution is usually in the range from 1 to
30 10, preferably from 2 to 9, particularly preferably from 3 to 6. The pH can be brought into
the desired range by addition of buffer substances, for example a formate buffer.

The rapid heating according to the present invention of the high-concentration
formaldehyde solutions can be carried out in any open or closed systems. Examples of
35  suitable apparatuses are stirred vessels which can be heated by means of jackets or coiled
tubes (internal or external). Apparatuses having heat exchanger characteristics, e.g. shell-

and-tube heat exchangers, plate apparatuses or helically bound tubes, are particularly



and-t ube heat exchangers, plate apparatuses or helically bound tubes, are
particul?ﬁ&¥m55899g054318/Kg 4 preferred. These can be operated in
cocurrent, countercérrent or cross-current. Heating can be carried out by
nmeans of any nedia, for exanpl e using condensing steam or by neans of

si ngl e-phase |iquids or gases. The aboyenenti oned apparatuses can be readily
desi gned and operated so that the required heating rate is obtained. 5
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over jthe circunference of the evaporation surface 3. 25 Rotating w per

bl ades 5_then distribute the solutjon further over the evaporation surface
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20  distributes the raw solution over an evaporation surface 3. The evaporation surface 3 (heat-
exchange surface) usually has a cylindrical shape, but can also be at least partly conical. It
is in thermal contact with the inside of a heating jacket 4 which supplies heat to the
evaporation surface 3. The liquid distributor 2 contributes to the feed solution being
uniformly distributed over the circumference of the evaporation surface 3.
25
Rotating wiper blades 5 then distribute the solution further over the evaporation surface 3,
ensure maintenance and transport of a liquid film on the cvaporation surface 3 and
contribute to intensification of heat and mass transfer in the liquid. These wiper biades 5
are driven by a drive device 6. Depending on the configuration and positioning of the
30  wiper blades 5, the liquid film can be kept thin or can be banked up. It is in this way
possible to alter the residence time or the residence time distribution of the solution in the
film evaporator. The typical residence time of the solution in the film evaporator 1s from

1 s to 10 min, preferably from 2 s to 2 min.

35 A heating medium, e.g. steam, is fed into the heating jacket through a heating medium inlet

7. This heating medium heats the evaporation surface. Cooled heating medium, e.g.



possible to alter the residence tine or the residence tine distribution of

t he sol ut | filmevaporator. The typical residence tine of the
soIution%%ﬁﬂphﬁgﬁQgﬁ1evaporator is from 1 s to 10 mn, preferably from2 s

to 2 min. 35 A heating nedium e.g. steam is fed into the heating jacket

t hrough a heating nmediuminlet 7. Thlé _heating nedium heats the evaporation
surface. Cool ed heating nedium e.g. PF0000054318/ Kg -5 condensed water in
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20  originally fed in are obtained.

In a particular embodiment, the condenser can be integrated into the body of the
evaporator, which results in a shorter residence time of the vaporized components in the
vapor phase and also a more compact construction.
25

Suitable operating conditions for the film evaporator are generally a temperature of from
10°C to 200°C, preferably from 50°C to 150°C, at an absolute pressure of from 0.5 mbar to
2 bar, preferably from 30 mbar to 1.5 bar, particularly preferably from 60 mbar to 1.0 bar.
The temperature of the high-concentration formaldehyde solution leaving the film

30 evaporator as bottom product is usually from 20 to 60°C.

Apart from the embodiment of a film evaporator shown in Fig. 1, it is also possible to use
an apparatus without any mechanical influence on the liquid film present on the
evaporation surface. The heat-transfer surface of such a falling film evaporator or falling

35  stream evaporator can be configured as tubes or plates.



Apart fromthe embodiment of a filmevaporator shown in Fig. 1, it is also
possible to use an apparatus w thout any mechanical influence on the liquid
film preddiPU¥a*i!f&s evaporation surface. The heat-transfer surface of such
a falling filmevaporator or falling 35 stream evaporator can be confi gured
as tubes or plates. PF0000054318/Kg -6 6Depend| ng on the specific process
requirenents, a filmevaporator can be operated in various ways. Fig. 2
schematical |y shows the possible nodes of operation. Here, the actual film
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possible for a plurality of evaporators to be connected in series to form

an evaporater—cascatde—+H—

F1 |F2 | Bl | B2 |Vl | VZ2|V3| U

Single pass, vapor and liquid in| X X X

countercurrent

Single pass, vapor and liquid in cocurrent X X X
Circulation mode, feed into liquid circuit,| X X X X

vapor and liquid in cocurrent

Circulation mode, feed into liquid circuit,} X X | X X

vapor and liquid in countercurrent

Circulation mode, feed into vapor separator, X [1X)yj X X Xy X

vapor and liquid in cocurrent

Circulation mode, feed into vapor separator, X X | X Xy X

vapor and liquid in counter current

15
The film evaporator can have side offtakes at suitable points, so that liquid fractions having
a particular degree of enrichment can be taken oft via these side offtakes. It is also possible

for a plurality of evaporators to be connected in series to form an evaporator cascade in



PF00000543181Kg -7 which the liquid, concentrated outflow from one

evapor at i,f desired after a side stream has been taken off, the
feed to ?%g&ﬁ@§§1g 8porator of the evaporator cascade. The

hi gh-concentration formal dehyde sol uti ons obtained are stabilized according
to the 5 present invention, for examplke in one of the abovenentioned

appar atuses, and can, after storage, be used for a |arge nunber of chem ca
reactions. Exanples of such reactions are: + propynol, and the reaction of

acet yl engyiétt thef1RfuiRIcHBRYE88 Qubldw Frokofe BRPBAItdERFh, AR dediRdf @ kitley nedi ol
whi ch can be Q%ﬁ%%ﬁ? ate%bhp i ve putanediol; 10 . aldolization reactions of

f or mal deREf™ $h{OH NG ekt EXIRPEHGIAILDE BVAPGFART B fy dr i ¢

al cohol s and sugars, pentaerythritol, trinethylol propane and neopentyl

gl ycol ; the reaction of fornmal dehyde and. to gi,Vv lycolic acid; the
O Yoo at 106 BAECHERETIRR RpePElRlloliiihs it AR S FrRtShidifs B | one
of for mprdentyideenti?@, farksampkcini @ of thé eborednthebipoe appammtgdesf dndscann aBetPr i ns

react | on ol @l 1,2k RRAT LXIRMEE DhniCRTORHDAS ExaGORABPSRRIORRRARL NS of

f or mal dehy am nes such as anili1ne or tolui e to form f bases
whi ch can react further to give di phenyl net hane derivatives such as 25

di pheny! et 3pahl 3N IR realtRACH LB yRhe WA PXMhiasA e sWiutibn §iPh R@{Jﬁ@ﬂ%ﬂé’tﬁ)ﬂt o form
oXi mes; reac IOBUO% .ornalggggge th dlgls toform.cyclic ethers, for

exanpl e of QIPER iolyghip genal§d foRivE SrRefighe:  conversion into
oxymabhyl ene honopol yners or copol yners, for exanple as described in the

German patent ,applicatijon DE.101 13.5,.which is not a prior puplication;
35 react’ oﬂd%lfzpa‘ﬁfﬁ? ﬁ%ﬂchg%“ya f%&d{ffeﬁg%s W\’ﬁt lﬁs}éﬂll %fo%ﬁsh‘@bﬂf%‘f“‘#w@?sh@r ’ls%r%luch as
pol yoxymnet hydlgnelridi sitddydls et esugarspipehtaeraiiritolp atiyesyie plophren andli neepdnyy!

et hers. PFQ%?Q954318/K9 -8 This listing is not exhaustive. Textbooks on

organi c chenistry and industrial chemstry give further exanpl es of
reactions. However, the listing is intended to illustrate, by way of

exanmbe, o e aidhisH 6f RkmbIBRJkANGCPHo fios RLRAdE as a synthetic buil ding
ocC I n e

e the preparation of chelating substances such as glycol nitriles from solutions of

formaldehyde;

20 e the reaction of formaldehyde with olefins in a Prins reaction to give alpha-

hydroxymethyl compounds;
e condensation reactions of formaldehyde with amines such as aniline or toluidine to
form Schiff bases which can react further to give diphenylmethane derivatives such as
25 diphenylmethanediamine;

¢ reaction of hydroxylamine with formaldehyde to form oximes;

e reaction of formaldehyde with diols to form cyclic ethers, for example of glycol and
30 formaldehyde to form dioxolane;

e conversion into oxymethylene homopolymers or copolymers, for example as described

in the German patent application DE 101 58 813.5, which is not a prior publication;

35 e reaction of formaldehyde solutions with alcohols to form ethers such as

polyoxymethylene dialkyl ethers, preferably polyoxymethylene dimethyl ethers.



5 overall field of organic chem stry. The products obtained include both
small to i rmedi ates in the pharnmaceuticals or crop protection
sectors, 9’28@%0?%%?%% and | arge tonnage products such as di phenyl net hane
derivatives. The invention is illustrated by the follow ng exanple. 10
Exampl e An aqueous fornal dehyde sol utign consisting of 30% by weight of

for mal dehyde, 69% by weight of water and 1% by wei ght of nethanol is

i ntroduced at the top of a |iquid-heated 15 | aboratory thin fil m evaporator
having an internal dianeter of 50 nmand a wi ped |length of 300 rm The feed
flowis 1 1/h. The heating jacket tenperature of the thin film evaporator
is set thEiREng g nohexbusdrlexthookhaniqigans shenisuy aind dndusirigl chemestiypar |
Thed_ teya@pzeamﬁm els(aﬂhple@b]f Pd’&@ti?&%pﬁb%b@r, %h%tl_ﬁb@glls iﬂfe{nﬂ’%d tozillﬁétﬂatc, U@flwgv cghgse
condi ti ons n ueous . .f.or mal de S ion consisting. out . o by
ver gt of iRl AP IRy SRR S g nhets i Rine P IPHL i §r0f by
wei ght obverell Haeid of | @ gadit ashamistgt Thheprbdidiowbainedhmclvidhi bott ishrilemapageat or  at
about 55 . SOl Ut ) I bl e anly e i es at
thi's t ol BREiaR L bR BEARGAC Y RY ot Brabsh e, 3 Yoot iy HHeCS

t r ansf er tamagopradiaasuch s Winhgay mettase Heratatizss.exchanger used is a coil heat
exchanger nmade of glass and having a jacket length of 400 mm The |ength of
the coiled tube is 3.2 in, and its internal dianeter is 6 M The

f or mal deia&vEBliQR s dhustisted hydbe fallopormtrammde-heat exchanger. The jacket of
the gpparatus is heated by neans of a |arge streamof triethylene glycol at
130C. The, sol lllti on | eaves the heat exchanger at 120C. The heating rate of

t he tube &PH¥*Gredi um achi eved under these 30 conditions is about 13C/ min,
which is above the required mninumrate of 5C mn. Under the process

condi tions descri reci.pitation of i 0 at,.anv, peint in the
appar at u&n aﬁilg&fso@ﬁﬁ?lg@ﬁ'ﬂgéogg ut ?%’ﬁb?]lnéé)\i;i?’ﬁ% lf}ﬁg'eﬁggiﬁr%%%lﬁlgﬁh éire ’ s%'cyear and
col or | essveagidl of Watemiadd d fd by aveighe ofmiettaabhidnirpdumed nathe dop ohdiligiawirheaiedhout
preci,pi t at f [ , : I ' 1Kg -9
e a1'S] PRy AP Sy Bt fiaRA BRAGE, BEH0 B oA RO AE

sol ut i on®f FEPi ma. alferHited demtisnt Vinf The ngagngy jagketgtempstriiase! Beeditpifdmt i on of
solids, Woigehat6ORPkt &E$20v€BhMd the HréfBreNinGhe $RBGEN A& is0Rt kO N0BLMRNYTR

solution at a heating rate of at | east n .
evaporation rate of the apparatus 1s about my/my, =r]3‘|/ 1. Under these conditions, an agueous

formaldehyde solution consisting of about 80% by weight of formaldehyde and 20% by
20 weight of water and less than 0.2% by weight of methanol is obtained at the bottom of the

thin film evaporator at about 55°C.

The solution produced would be stable for only a few minutes at this temperature. To
stabilize this high-concentration solution, it is transferred to a heat exchanger. The heat
25  exchanger used is a coil heat exchanger made of glass and having a jacket length of
400 mm. The length of the coiled tube is 3.2 m, and its internal diameter is 6 mm. The
formaldehyde solution is passed through the heat exchanger. The jacket of the apparatus is
heated by means of a large stream of triethylene glycol at 130°C. The solution leaves the
heat exchanger at 120°C. The heating rate of the tube-side medium achieved under these
30  conditions i1s about 13°C/min, which is above the required minimum rate of 5°C/min.
Under the process conditions described, no precipitation of solids occurs at any point in the
apparatus. The formaldehyde solution leaving the heat exchanger is clear and colorless and
liquid and can be maintained in a stable condition without precipitation of solids at 120°C

for a prolonged period.



to a tenperature of from80C to 200C i mredi ately after it has been prepared
and storv\ﬁ&mbg ?%/ tenperature in this range. 2. A nethod as clained in
claim1l erelﬁ & heating rate is at least 10C mn. 10 3. A nethod as
claimed in claiml or 2, wherein the solution is heated to at |east 100C.
4. A method as clai ned in any of claing | to 3, wherein the solution is
heated to not 15 nore than 150C. 5. A nethod as clained in any of clains |
to 4, wherein the pH of the high- concentration fornmal dehyde solution is
from1 tdVeolaimp 6. A net hod as clained in any of clains | to 5 wherein the
pH of the high- concentration formal dehyde solution is from2 to 9. 7. A
method as clainmed in any of clains | to 6, wherein the pH of the high-
concent r dt i on?¥ Bethad @ER\RRIZEG high Sﬂ“qegtr?ti%ﬁognﬁlée@de251“8“3“%1’%‘[‘3168:

claimed in anyoRtnt@ial TO9% b mlght ag\mﬁﬁw@]ﬁlﬁﬁoﬂbgkblﬁi@nmeh e@ﬂnpﬁgbs heating

f ormal_ dehyde solutjion is o ned f a forma e sol

| ower > concen a]f‘ g%ﬁo?cﬁngat{xqr} tﬂ @W&]ﬁﬂlu l(@@tédheﬂ}i% é‘ﬁeé’ %ﬁfthiﬂ/‘gﬂ]

f or mal dehyde sohwimpm@mtha@wifiigna 80362(3 2 Canimeaiately 4680 Das bexingirépaaaiiaral
tenperature of fr nabl e by the method as «clainmed in any
of claims 1 t¢ toémgr?@%g%{}é&rgtgpe ]Ptﬁ?% &ﬁ concentration formal dehyde sol ution
as clainmed in claim9 for 35 preparing propynol, butynediol, neopentyl

glycol , di phewﬂng@wa@aqf if%1aifll %Wme%xﬂﬁavé@aﬁemﬁ@ﬂ@ﬁﬁﬂers and

copolyners and p oxynet hyl ene

3. A method as claimed in claim 1 or 2, wherein the solution is heated to at least
100°C.
4, A method as claimed in any of claims 1 to 3, wherein the solution is heated to not
15 more than 150°C.
5. A method as claimed in any of claims 1 to 4, wherein the pH of the high-

concentration formaldehyde solution is from 1 to 10.

20 6. A method as claimed in any of claims | to 5, wherein the pH of the high-

concentration formaldehyde solution is from 2 to 9.

7. A method as claimed in any of claims 1 to 6, wherein the pH of the high-
concentration formaldehyde solution is from 3 to 6.
25
8. A method as claimed in any of claims 1 to 7, wherein the high-concentration
formaldehyde solution is obtained from a formaldehyde solution having a lower

concentration in a {ilm evaporator.

30 9. A high-concentration formaldehyde solution having a CH,O content of > 70% by
weight and a temperature of from 80°C to 200°C, obtainable by the method as

claimed in any of claims 1 to 8.

10.  The use of a high-concentration formaldehyde solution as claimed in claim 9 for
35 preparing propynol, butynediol, neopenty! glycol, diphenylmethanediamine,
dioxolane, oxymethylene homopolymers and copolymers and polyoxymethylene

dialkyl ethers.



