. 4567e3e’ g 0030ABAPBYT gg0050/ 53039  Preparation of (neth)acryl ates of

pol yhydri c al cohols The present invention describes a proce

“preparation of 5 (neth)acryl ates of pol yhydric al cohol s b?jmg“%mm”mm
(meth)acrylic acid with the corresponditng pol yhydric al co '
presence of at |east one acidic catalyst, if required a pol ynmet#¥#ati on

i nhi bitor/pglynerizatiop jnhihitor. mxture and, if. requife a sol vent

whi ch forns*& %&PPOB?C{W%R&%”\%?F \ﬁé?@??ykf&rlﬂtﬂ ﬁﬂﬁai‘?gé al cohol s are
under stood as neani ng those conpounds whi ch have a plurality of hydroxyl
groups, forThaandsen? iovéntimmeflesabliies a pracepmriiarc thar pyegaratdeabdy 2 or
3, in par®&i ¢héa)atrylatéi of dodyhperic relaohole bipudteriépisg such _
(met h) acryl ah&sh P yasefl 41 IRAYKEE e Wbl sRbRA VS holydydeXal@hods £Rating
raw mat erl a g folehRet 6PN AU LULAD G BlaidS B SAIRANGR - ofy LU abl e
printing inks urface coa?l, S or | di'n I, _cast.l, o naterials or.Ln
adhesi ves. PRIYPRTIHZAGGR, l’Hth’g‘rtpéégo ng’t \ affu?‘h’ft‘ﬁ(?orangndltvi th
a | ow aci d neadired,advaniveftohighsEouns \ApRERREIRIS FaHtare SHighsWateryife
are requinwoed for these applications. 25 The preparation of (neth)acryl ates
by aci d- cat abygigfhaet LbbhEHd i Qhaér@idipabyhesn iy dhvké eddiunds
correspondi ig; & GRRAl § piuidE by 8FCRTE Rly128:rbBDL PI A biBRb I LN SYSt em
and, if requir dfa&ﬁm S?| enf, ea&%‘i Qfg%fn%retfglrlajg?e 2prorcgcl ohexae}: eibu;LerO
general |y kROWHS™ararysPs™ uded -arfe as 4 Fare surt ur i aei o B&ryrsurfonic
acids or al Ranesul fonic acids or mixtures thereof. 35 Since the formation
of the edfer of (meth)acrylic acid and al cohol is known to be based on an
equi li bri unoweéagticortheds aedatliveordeubslarkdndg, matel | @lethyauselhtias axeess

and/ or the pgsehl imthowaker wRicesrer hfégaticiNnerAMHY, tahecdasingdamster is
removed fr Oﬁkgg@%gb&baﬁqru@n bgaﬂeégﬁgo'%&aagr&% ghbactére

' . . f.th ifi. [
by the use DF-6IF SR SEBFL A9 Cofkar PRt 1o AVRht Agbatl TOREDS ThiePeafdn, |

the for mR0 PAte¥ixkshersinrathesidesrarting al cohois and M chael adducts is
pronoted thereby (cf. for exanple US 4 280 010, colum 1). 45 0050/ 53039
2 ° M chael radgactiscwdae , uadbsSiied@d pasdi@aniwighbtie pratadt sdudiatd stiehfaor ned

Ey gn ?dc(ii thep wﬁftﬂu%eet A rahalgsols &@ﬁheggyﬁéﬁaﬁ%é _aﬁdtah_q&ﬂ@ubl e
ond of (ne r c ipﬂ% E‘ﬁ‘?s? : pi oni ¢ acids or
acrylylo %’g%?gn?/lcﬂeaélggg?g n tdo ftgf{;el r ea?f)gr s?e(%clmnsge, owng to their

hi gh boi I19°ng points, the (neth)acryl ates of pol yhydric al cohols cannot as a

rul e be puriThPePreBAXHtdPR| Pht (Rath)pREER IRHPYdAELS-FahfdiYReAn t he desired
ester and i ebkerbfieationloff (methgacpybtesiidgwahbl/ the tdegrgapdndingof bot h
t he desiredagsbroélarnich the ptdsamecBE @i OTHIGHS tok pidiibipbepaystéoandfl, Of

reaction is LRgiaLd, 1o soMBEM A NY.i BeRsékh | ToUEHAL | ¥ T8RABALRENSS figWi th
air, or V!otg;ew? ﬂft gpWM th wat'er. higher (meth)acrylates, as a rule the
water iré rémoved and In general an excess of used. The water of

esterification is . ' _ ,
Catalysts used are as a rule sulfuric acid, arylsulfonic acids or

alkanesulfonic acids or mixtures thereof.

35 Since the formation of the ester of (meth)acrylic acid and
alcohol is known to be based on an equilibrium reaction, as a
rule one starting material is used in excess and/or the resulting
water of esterification and/or the desired ester is removed from
the equilibrium, in order to obtain cost-effective conversions.

40 However, influencing the equilibrium of the esterification by the
use of an excess of alcohol is disadvantageous since, inter alia,
the formation of ethers from the starting alcohols and Michael
adducts is promoted thereby (cf. for example US 4 280 010,
column 1).
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by distill a0098/58938tripping, for exanple aid of a solvent which forms an
azeotropic 20 Since (neth)acrylic conpounds generally, and in particular

- pol yfunctional (neth)acrylates, readily tend to undergo undesired

pol yneri zation, particularly under the2action of heat, considerable efforts

ggteéglepleggi %cme ahﬁu@{@'% d l;mé%%a 3 ﬁgaﬂﬁd%rsggéaﬁ@tég%ich ai]es
pol ynmer forfl:‘r%f egdr:%aeﬁgr3‘?‘%5):31%%55&1%1:10&8% n 83#.5%1 me‘fh* Wé'lql %le%t
exchanger s&Ffiehecslonhde cepridnett (BgLh Xaf"dm%lﬁg?m&i?ﬂ“ld& bESE KRR pi pes,
punps, val vatkoxtpropiBRid\ H2AAs709, apeyjey 196 YPropigns gcidgg;andsty theiggsg,
colum 1, sl egesrsl9-38). This results in expensive shutdowns and conplicated
cl eani ng operati ons for exanple the boiling with basic solutions, whi ch

then have tg IR05el, Afndlt ADgRBSNSIHYe Bm&ed%rh% aétﬁi 9@95
é%? AR50 Unddh Ao BENHYe LB S FRfynS
&g?k?gglzg B |lﬁga%ﬂ%l§%lssé’68f‘8{:l%sh aptrbll%f"‘e ure éover%ﬁ%% §6?n

reaction ni kg%ﬁ% bYQirﬁéECt%lsreéfta&Peéjna‘HEﬁ/élestlﬁédkﬁ—ngﬁr aP feinfanpeathe of
pol yhydr 10 &ucidied proasssindbenddprf kel giadliyydosthddhathendesites gskener
remai ns in hhe ¢lesisuedegséey pxadutvé!l uences the further processing and the
quality of the poI ymers or copol yners prepared (US 3 639 459, colum 1,
lines 40 - ? the r%i)g.% Stfaﬂgpﬁ‘lai %O%B E‘}.‘g{'étéé‘e E“Qezsﬁfeedch%%xg?{ 45

formati on, nerl

general |y rB8EoFRASTIE %@6353? 3“?8?“3%%“95 cPPb%§ %gsplp%cess f or
esteri fyllﬁg(mmm@&d’rlypl eckdiis Weed- ofrmatepory stead LACRBERR ii6n

t enper at ur eustalXymeparabe@Efi byt Hispildsdrios, oby fstmippdnge HOWEFapphe of an
al EOEy- subsyitnted phengitorerd lkikbabeda aﬁ(fmwaﬂemh &srasisaxpdz;e%ﬁ:bpa?i on0
i nhi bi tor, £pan process products having a col or nunber of 4
Gar dner or g}s{s |s%o]%§la%{é€jp In exanple 1 of sal d publication, the polyol
and a solvent are initial li/ taken, acryli c a s%éymarl zat i n i nhi bitor
and cat al2PsFinFe @etddaanyTify GOMEOHRSS | $R] %Qé' Hi™ aFEl% $%8cted 10
with 15~ st pehypfunatddnai hwrrmcewlst#m |mdaﬂ-vetert4150r éaé@mm usgsired
sol vent is pblypacitatibe, rpacticwlatrlyesndeare thp doti3m loduhgati he Gar dner

col or nunbeeanéii&eﬁbllaeétfértls arechanéfall 15 alei €@ dvbikegHer Sskn@ntdon of

technically_§ r ulad i e Gapngt i used. 1.0
Gar dner Qr Pes% 5 dugﬁ‘ﬁe{r:lgé t%%g%‘éé{?@%’%foﬁ{pﬁﬁ grrllge{lwa&argner correspond to

about 80 e[ &F ‘'t he col or nunbers achi evabl e by nmeans of this
process are not satl sfactory. In general, the reaction m xture obtained in
the esterifilvafaotn Zhisubelvmax @omacwprqwaﬂhb Irsgisr @ eqatkeing ofethe
esterificat reactat alaydls, hbgt iexuthanter ssulffacesxand scqlwenhasgyy| (fouddnd)
possibly a %ﬁhvﬁé‘tha@bgbﬁr 1r§¥secyhﬂiﬁs)ﬂﬂ#ag.%sf,)Y@E@dl{@PSA(52)2 0% "pkge

pol yner, ﬁ)t? chagl, CBJ%ﬁ 888 tadny $t Slll?égc%ssévmml%crw Ic
aci d and,

wred arts_of 0 se ff asarule
by treatment® W?ﬁ @&ggnﬁh‘é huftgf’wgs ancf omPE tesdglaéu%%ggsg ang/.o salt
sol uti ons (BEeAa'&E‘B“SSG f?ﬁsﬁ*x%ﬂplseoltpﬂ B‘RPd’é? W&&Pb%‘?’%’tce§° PELSRR o WEE
powder for mthBE- #a89 t39besdismEef9fohy arFRexpenaive PIPCEPEre, 1293 004) or
i on exchangdescrided ngh DBesel®d eFnilng.operati ons, the byproducts have an
adverse efgect in that they conplicate or even prevent the phase separation

in the i ndl yj,dugl, yash ;3 ens. ré,ﬁ-t%ﬂaﬁﬁém %&eao Selvess present for

th t | | t Si
Some. of "t he%evﬁ@m 2 )ﬂ@,ggggggxpg R @?P% T8nBF S E%%S ahot Fi9 the
B¥er o?r“élcel'naéd%ﬁactied’n 8V?he Burity and

coating sect8phin®erk dibsr TARGYO™M T
viscosity. higher (meth)acrylates of polyhydrlc alcohols cannot be purified

40 by distillation, this polymer remains in the desired ester and
influences the further processing and the quality of the polymers

or copolymers prepared (US 3 639 459, column 1, lines 40 - 55).

In order substantially to prevent the undesired polymer
45 formation, the use of polymerization inhibitors or inhibitor
systems is generally recommended.’



Si nce theseOQ&BYEB@3BY| at es cannot be purified by distillation, various
nmeasures have been proposed for obtaining colorless end 45 products.

* 0050/ 53039 4 DE-A 38 43 938 proposes the addition of active carbon as early
as during the esterification in order go prevent the formation of

di scol ored act o] olunn Ines f Lons
nevert hel eségogciuér)]n 3%5 g‘g%fl onaf F%‘fﬁsg B ?ﬁer@%é’lnh ﬂ%ﬁ?ﬁl ; zi ng
agent, e.g. 3&EdnfiED °F§a?%%cﬁﬂ}éfﬁaédafc%lliﬁ?ﬁ %onl?ﬂ‘é’serfﬁu’é?) Egoﬂ g %38
r ecomends égr¢wmgh§upr@¢@%pér from il &0 PnOhendr 88ePRe of supercritical
car bon di oxallkoxy-subded tuted grhenbilaor talkKlapedvalkoxyipheobdbras iaons. The
known DFOGG§§§§mélal%ttlbﬁ dhispsiaRt age hdils bieyh e groekss cptdduckenpl i cat ed
and/ or re%ssl&&rgo o&é&efﬁ% i T A ) of‘dﬁkéé aB3bp@asied aths and are
R

t abl t
Pﬂiglnt ?onet g’Q ‘?% §n58 l&ﬁFLb?% sh§ ?Eﬁ é{r:&m t% t € 1Prepgpat i on of
ighg lgm y and

| oW Vi scosi tlylt-h@c ééﬂ‘?Pat%%rYd‘flchF ycﬁqlé’mﬁF(’:B‘h
hi gh 20 yi ekdtalyst sirephddedidvaringnthey heatinganbagse 'or\\@JShaggl i3 sfifecspdan

i ndustri alo w&ehelsstravgth asoiiuimhaydidnixieobpeations aftleiretbel tpactipnocess
for the preaaaa{m&rsda_fveﬁeﬁw)ﬁcrwbaaewm reakyhyerifinedl G@BOLS d1y reacting
2> (et M) achy héuAf, drdnEat dife U 82PANMAL BELYAY Udstt & @oneé?mlea@

presence of ~at one acl east one

c cat
pol yneri zat F’Gﬁrﬂﬁﬁ bi% 5?‘1%’634 ndha t%/‘gl}r&?@glgr Sé‘f@%ﬁcglﬁmfa Vent,
wher ei n t he ©¥8PYFRERY dSQPcB%JeﬂW)u§é6n€En}?%u“r’F§ edsO t%ﬁlnﬁéocﬁﬁﬁﬁﬂmﬂéund
f or mal deybdder80td rabaugr &6 NARER acdyli ¢ Gasidgerscosesbriende toorbeyy W00c aci d
and net hacr wpig, agé thatheher&skas nhabets hathikkebie| byoweagsadf atttizsges: 35 1.

Duri ng treatpggggsg\natllb FABY QNS SHREBey,. Or gani ¢ and aqueous phases exhi bit
better separation 2. The end product i s substantially coI orI ess 3. High

space-tine ﬁﬁel ds ar.e obtai ned since the 2% g f a%prove

and hence sridl Pgpe aF&FuE%%Ctdroé’ DEFEFVES SRteAneqntt 8f|JC A8 a | ow
vi scosi t)FqDGWHy@Im‘FJealdWcéﬁ@Péli@eGhar desixnd egiRb! ethet reisl’iéfh§’r?ﬂ'°dt§’t“ane 45
tri met hyl ol patpapst, tthemgénhybitatshanbe ﬂmﬁ@nt(ylbtg)mlleemfé\erBﬂtSﬁribﬂbl :

2- et hyl -1, 3apsepoaetlianld h2ghet Wd1etudaprepanedbgprodioteerdbr example

di trimethyl ol BLRRANG+therOQRE/ wRARRL 15 iR @Er yt hritol, bi sphenol A,
bisphenol F, blsphenol B blsphenol S, 2,2- bIS(4 hydroxycyclohexyl)propane

1,1- - and 1, | ohexanedi met h
1, 4-cycl &%%&ﬁé&)f%‘?‘s sed‘rCSF gfge arﬁr‘}??h)?g a’ﬁofégr off ’ierﬁ”é Fgr parts of

the inhibitors are separated off as rule by treatment with
aqueous bases, for example alkali solutions, and/or salt
solutions (DE-A 198 36 788) or solid oxides, carbonates or
hydroxides in powder form (DE-A 39 39 163, EP 449 919, EP

30 449 918, DE-A 1 493 004) or ion exchangers.

During these cleaning operations, the byproducts have an adverse
effect in that they complicate or even prevent the phase
separation in the individual wash steps.

35
Separating off any solvent present for removing the water of
reaction is usually effected by distillation.

Since some of the (meth)acrylates of polyhydric alcohols are used
40 in the coating sector, the color plays a major role, in addition
to the purity and viscosity.

Since these (meth)acrylates cannot be purified by distillation,
various measures have been proposed for obtaining colorless end
45 products.



5 erythritoPp5ad83088| (ribitol), arabitol (lyxitol), xylitol or dulcitol
(galactitol). Those pol yhydric al cohols which are obtained by reacting an

" al dehyde with fornal dehyde and then converting the al dehyde group 10 into a
hydr oxyl group are preferably used in hhe novel process These are, for

exanpl e, po f t (L): 0 I R1
R () od P 3&59%;4 oo ie A 3%3 e
Cl- d o- al kyfiur’(ﬁg &R AT AP c £ 5P E?le‘@i’ I"'Eﬁx&ﬂéﬁ?&?fﬁl
preferabl y AyERVgERd PeaifropFatuets QS’rOle!Enc?o Hinegl 63p&fti &fi arly
preferably Qyseabopmetibps mrveZih€lesaldodur,The additionadi teéstmemy wintkeach
case be sbragigtiblehdeBoDér ididC Bgent 3G oxaaphmsndf il rasemindwde (bytERgen,

met hyl, ethyl,;iseppepyh). n-propyl, n-butyl, isobutyl, sec-butyl,

tert- butyI n- pentyl, Lexyl n- heptyl, n-octyl, n-decyl, hydroxynethyl
car boxyl , rret hox car n et hoxycar bon and. n- but oxycar bon referably
35 hydr ogenE? %t%ﬁomw@ﬁypamré GUE, the ASLETREL PRt 1L AR, BBPy

hydr oxynet hpresermehplf awperaripicakxeariians dapxpds iy @rder al Huias eleﬂ tme
formul a @D) paeeert idistbybxdthieinane, tri et hyl ol propane, trinethyl ol et hane,

40 neopentyl gl ycol, pentaerythritol, 2-ethyl-1,3-propanediol,

(Zjl x: Eg: o pf [%%%Jﬁgg&:%%;’ hBBQPQﬁQ&ddlgggyghgﬁéw %ltpli:ﬁ g of{ybc a<r:: gl arcr}etj hyl

net hyl ~ di netf 5% bTR

neopent yl gl §e@/or @QdﬂFFﬁ%&h;ﬂ%‘PﬁFBbﬁﬁé‘ndpéﬁ?a\é?ﬁl‘%llfﬁaibt GI oBMP lndus rlal

di net hyl dBpeoepleonic acid, particularly preferably neopentylglycol,

trimet hyl ol propane and 0050/ 53039 6 pentaerythritol, very parti cul arl y

preferably t¢ipetdy Ioebaé@wmethengreeén@qwtehuwuo |p|iof9§aé | &llledonomical
tri met hyl ol B?Q@?%Ew §Hﬁh% l)quhbc ) are
ex

ot anehl o, R R S P B a0

and t hen ZBOM%'%H iy at ﬁémal%ié‘ﬁ‘\]’d'@rg%%pﬁtﬁloﬁtaa%%ﬁw gESiftants PRedR
pol yhydri c ahdedttial( Byadee obtai ned on an industrial scale by condensation
or formal dehyde with higher, CH acidic aldehydes (I1) or with water and

gg{ a}e glnnt \% We- R lf%ﬁgel h4s -tnlil Bﬂgéc{ 8aChtANevéd SinTa' Eféé&éb 'f%g:”@ﬂ@ ‘o a
yaroxy! 20°CHes Wg A ?%%f%“%‘gé%%?ro i foPofply 18 Sealpud o
tri met hyl2dl 8‘6 ﬁaecrg b c’rﬂ) ai?élaﬁger‘é%lfrﬁs(?PB l?%ef?c\é{ty yarid aleo
t e presence of at least one acidic catalyst and, if required, at
least one polymerization inhibitor and in the presence or absence
of a solvent, wherein the polyhydric alcohol used contains less
than 500 ppm of bound formaldehyde.
30
The term (meth)acrylic acid is used here for acrylic acid and
methacrylic acid.

The process found has the following advantages:
35
1. During treatment with aqueous phases, organic and aqueous
phases exhibit better separation
2. The end product is substantially colorless
3. High space-time yields are obtained since the phase
40 separation is improved and hence smaller apparatuses are
sufficient
4. The end products have a low viscosity

Polyhydric alcohols used are, for example, trimethylolbutane,
45 trimethylolpropane, trimethylolethane, neopentyl glycol,

pentaerythritol, 2-ethyl-1,3-propanediol,

2-methyl-1,3-propanediol, glycerol, ditrimethylolpropane,



On the one 0850/5808Pe is the Canni zzaro process, which in turn is divided
into the inorganic and the organi c Canni zzaro process. 25 In the inorganic
“variant, an excess of formal dehyde is reacted with the correspondi ng

al dehyde (I1), i.e. n-butyral dehyde, im®g the presence of stoichionetric

glrmr’rg?tlil g{ b%?glﬁngé ihg' Qéf?i%%éi:?\:énﬁ &Iag_is?)'hﬁggiqpp Zoisylgnol B,

r e rst_stade. u oes a disproportionation
reaction wi ﬁsPh%n%lxéésé’gngf AR gER %f‘ey‘%'r?hfﬁgf et ggg-‘tgl’&i'\ie
tri met hyl ol Brépadrd dnd-chelekpsianedipethanolootrdspohdim@rbase, for exanple
to give sodilym-éyrinttexaoedial ciaprbfiitebntmanniitelpr dtgiydesnlof thtwidolsal ts i s
a di sadvamn aggthii¥dl,t Aaynatsl didfibieol j, tarabipal at ByfitaD)t, heyl Bl ogn
product, and,iRfEOY 2908 E0MM val ent of formal dehyde is 35 lost. In the
organi ¢ Canni zzaro process, a tertiary alkylam ne is used instead of an

i norgani c base. This makes it possible to achieve higher yields than with
an i nor gani CPREE PORNYSIRG| & 1S ABCE A5fal tPé“%‘Lt r’f&écﬁén%ri”hndesi red
byproduct . BAdshydmerigduifoamnaldehytler apduthfsh F@avesting tthgepidehysde praup
di sadvantigdatof athydrCxyii gzeup greopesferald yaueedeihn i thet hevay dprpesst.i on
process. There, formal dehyde is reacted with the 45 correspondi ng al dehyde
(Ir) in the e c | C . Of ! i t.hat
the reacti orﬁ%%%p%%’u%faﬁ%%gﬁéy' g?ﬂ?ﬁgé%é;;é%glpét ;@falt-lggl g(ljgtﬁlziée[ gl%aehyde.
After the formal dehyde 0050/ 53039 7 has been separated off, the reaction
m xture, which still contains |1 agpunts of the correspondi ng pol yhydric
al cohol akkd of acetals of the ?h{as formed, in addition to the

I

al kyl ol at ed al dehyde nenti oned, bj ectegdrjo a catalytic 5 hydrogenation
in which the desired pol yhydric cohol is obtained. A particularly
effective process for the preparati omwf pol yhydric al cohol s obtai nabl e by
condensati on of al dehydes with 10 fornmal dehyde is described in WO 98/ 28253.
H gh yields in conmbination with the production of only small anmounts of
coupl ed pFddFctiisr&Prdrtted by this process. In this process, the higher
al dehyde is reacted with from2 to 8 tines the anount of fornmal dehyde in

t he presencelohn@ R¥Ert i dhyepeidentlyndft sree Hmothacet | e mydtrogent hus obt ai ned

is separated into two s i.Q n j NI Jap](&npletel

met hyIOoI at ed al kanal rre@blimri iy Q:ls-@h}lﬁig@@oﬁ aliglcand i ng y
%é_<?4af‘acik§t§\gc{u§fotx§¢1,sgféf’ Hﬂl?z“hf&%&%d“

Fpettivd

unconverted starting ma nis eqrc {d into the
d°by

r |
reaction.23he separat i o&?yfl§°’é¥’? H'lcét’l"'#]%‘t i"oR*dr* '€ separation
of 20 the aqueous phasePFeéfrany dygdanrrmeiyde or TheGporftistl-cont ai ni ng
solution is subjected to a catalytic and/or thermal treatnent in order to
convert incame atryy @ddiyaokahey &l lcapal sasette sheailgist+adiaoapl et el y
met hyl ol at ed,,Gaepaynds. Byproduct fornmed here is separated off by
distillat 'é:n, and the bottom product thus 25 obtained is subjected to the
catal yti c” hydrogenation,. which | ead 0 the pol yhydri | cohol s.
Particul arl f’ﬁ’“gﬁﬁ? a?)’?ﬁilu?@ﬂ I?Zn atrﬁeﬁ%%{/%qe'br gnggggy f oert%?ﬁé BFEFSPA on of
(met h) acryl R-@FORYE, potBfydri éSebPWtaHol §e6tPYHE 3GEBriftE «( PYPERFEl have
been obt ai ned-hexyl hen+hahtydenatdchylpr oedssyli hydrogymethuli,ngaaboxydehyde of
t he fornul a dthpbxyptarbdmirekdrbyearaatiyl haend aomueybkpgatbdunmyal, dehetleragplgup

into a hy ERYPh R AhBL N1 C MitdyQ08R@d 1, PRAFE Latliaichy preferably
£ okt ooty Pt E Y S eger i bed I'n' WD 08/ 28253.

t hose whi ch v, i t C
Accordi ng tﬁ’%hf%rgﬁggn%,xgﬁgtl l’eg%gﬁ??a?&?hat fhe content of bound

formal dehyde in the polyhydric alcohol used is | ess than 500, preferably
| ess than 40Xanpadaebyf Ralghydrio Hsahelaeny deh FerBrAR NGl adétal s
(f or mal dehy dedigrettay $olhutranel, s r imetlilodpropane ¢ tarimathplalksthapgnpounds
whi ch coni@inedgeat§l§Lgddlr,abeat 88Bthrd%ol O CHANP1 -0 f, Brpadaneklipl ,
2-methyl-1,3-propanediol, 1,3-propanediol, dimethylolpropionic
acid, methyl dimethylolpropionate, ethyl dimethylolpropionate,
dimethylolbutyric acid, methyl dimethylolbutyrate and ethyl
dimethylolbutyrate, preferably neopentylglycol,
45 trimethylolpropane, pentaerythritol and dimethylolpropionic acid,
particularly preferably neopentylglycol, trimethylolpropane and



0050/ 53039 6050¢58088y be those hem acetals or full acetals which are
derived frommain conponents and i npurities, and byproducts, internedi ate
* product-s or subsequent .products of the reaction mxture. 5 These nay be,
E?L)exanpkg, the follow ng fornmal dehydg-containing acetals of the fornula
- Rl f n [ , R2

have t he abB\e/Réiﬁae%ﬁr i gﬁégﬁn’ez?é %ﬁoga%%‘ﬁﬁarrﬁﬁe%?r%#% fé&%@%@ﬁl@%ﬁggﬂe or
branched C12¢¢ ogeé}tléflr?tﬁpetf%r'agl“ypﬁ%l-%ﬁlﬁﬁ L e RLRFPRARG of er abl y

Cl- C5-al kyl, 20 straight-chain or branched Cl-C o- hydroxyal kyl, preferably
Cl- Cg- hydr ogyelh kyd Lyhydri¢ cal oy spo€f eealfioym@la 6L hyadeorhbé knablegr £hydr ogen
and n i s gnekdhEOS’ byl e8adtiny 4n BlEéy@PlY thenfdrmtuQa3(I2p, particularly
preferably 1 or 2. Exanples of R3 are hydrogen, nethyl, ethyl, n-propyl,

n- butyl, 2-nethylpropyl, 2-nethylbutyl, 2-ethyl-3-hydroxypropyl,

2- met hyl - 3- hydr oxypropyl, 2, 2-kils(hydréxynet hyl )butyl, 30

2, 2-bi s(hydroxynet hyl ) propyl, 2, rmet hyl - 3- hydr oxypr opyl ,

3- hydr oxypropyl, 3-hydroxy-2-(hydrbxynet hyl §B¥opyl or

3- hydr oxyw02, 2- bi s( hydr oxynet hyl ) pr©@p@l . The fol | ow ng

f or mal dehyde-contai ning acetals are preferred: 35 RL R2 i 40 0~-O RL R2 i OH

O-0-G3 C n, rge?RlF%g %gﬂagéotgy {80 mEhYBgd | VAkn4Potihidads8ef 2idnul ae,

Rl, R2 and n_ ha
thenVg%nverthgvgﬁgﬂgfd%g$ en§¥gH61Q%to a hydroxyl group.

15 These polyhydric alcohols (I) are obtained on an industrial scale
by condensation or formaldehyde with higher, CH-acidic aldehydes
(II) or with water and acrolein or 2-alkylacroleins. In this
reaction, a distinction is made between two fundamental
procedures for converting the aldehyde group into a hydroxyl

20 group, which is to be illustrated below for the preparation of
trimethylolpropane but by no means restricted thereto.

On the one hand, there is the Cannizzaro process, which in turn
is divided into the inorganic and the organic Cannizzaro process.

25 In the inorganic variant, an excess of formaldehyde is reacted
with the corresponding aldehyde (II), i.e. n-butyraldehyde, in
the presence of stoichiometric amounts of an inorganic base, such
as NaOH or Ca(OH),. The dimethylolbutanal formed in the first
stage undergoes a disproportionation reaction with the excess

30 formaldehyde in the second stage to give trimethylolpropane and
the formate of the corresponding base, for example to give sodium
formate or calcium formate. The production of these salts is a
disadvantage since they are difficult to separate from the
reaction product, and moreover one equivalent of formaldehyde is

35 lost.

In the organic Cannizzaro process, a tertiary alkylamine is used
instead of an inorganic base. This makes it possible to achieve
higher yields than with an inorganic base. Trialkylammonium

40 formate is obtained as an undesired byproduct. Thus, one
equivalent of formaldehyde is lost here too.

The disadvantages of the Cannizzaro process are avoided in the
hydrogenation process. There, formaldehyde is reacted with the
45 corresponding aldehyde (II) in the presence of catalytic amounts
of an amine. This ensures that the reaction stops substantially
at the stage of the alkylolated aldehyde. After the formaldehyde



0050/ 53039 00%A&5808Anl dehyde- cont ai ning acetals IVa, Vb (n =1), IVb (n =
2) and I'Vc are particularly preferred. The nethanol acetals form from

“met hanol which is generally 5 contained in a small proportion in

formal dehyde or forns in small anountsqfrom fornal dehyde during the

preparation,by mléﬁgﬁg"%% oRy, T%’%&tq.lon im&ehmEcﬁC’ﬁﬂlﬂ' ng acetals

f | e d df hy.d | cohol
{15 ret byl of GPOPAIRS SFRB) PR Pofa e ARG R B RPPAEE O I PR

presence of aéﬁt%tf ﬁqeéaéﬁngﬁt@%ialfﬁph‘al%yﬁ%meﬁe inraddifgdon to

f or mal dehydelkphtteidngldekydd senVapnéd/h i(sn subjectdd/ibo( B ﬁaﬂél)emd! | Vc,
where in gagRdeegehdtlons igtilylchakte Rides frdty pooyhyadttylalcohorthisl5 may be
cont ai ned i gpap;e@unt of fromO0.05 to 10~ by weight in the crude product
of the hydrogenation process The content of bound fornal dehyde is

cal cul ated as t he, t ot al cuI ar weﬁght fract bon of fornal dehy

equi val ent s® Ha{w%r}gsgg fGtiver BFRSF YR HPdet Bn‘?’%ﬁ%rogl%e? rrul tiplied
by its anal peilehydsic adaahoks gihtaipable diy icondpBsaelRnt odnakislydes WFB?
exanpl e, lthéornaldeitydef ibodestfidednlidety B8 /R26253. tHighetydplds pimpane mi xt ure
(RL = ethyl coff8imatRel @A¥AEERY Iproditelor D @Al Sifalheamearpsnentcupliva)
(1Vb, wher eggeﬁuétsa%e perl%it by VEQ.S' dclssy! ot 6ch3S erELQyVS tHeont ent  of

bound fornma Jﬁiehy%e tﬁ& Wi"ﬁg f’r/om ng E({)fi__l(me\éa ;TQ%\{%Q + ~

by wei ght o
2) x 2x SOg/fﬁﬁF‘amehW we.b RIeSEPE) Ok astr LABY %;%”@o Pﬁn? ©80 g/ mol In
order to ISbtraratid¢re micttneepbiml wiptadnednis (ﬂepbﬁahﬁdfmt@altﬁéhﬁ@l@ﬁlﬂnﬁpm by
wei ght, thi sneabobutsivoukdnbeimtd ithei eomietélylfieOflolBtedcebkandl of t he

respective GRARPOHELY Sanc@Rh8ecodiRireisdliedoRycotitalifihg alndtaivbedsd ks ipgr se
Lo @ Persong Vebhgﬁgo'ﬁonggt@éf ,sJﬁrtlsﬁagplﬁalé}mgazlm QRt eeamOO&PFiELC
sai d angl ti (?gfrﬁﬁcf{bngf ﬁn&]% sbys dé?: ﬂ ttl%% L %H%%ggsggrg%l %?s ngt
rel evant %k &GEdRARELIE tPIli‘éSan/”e‘?ﬂ ﬁ?ﬁ HBW%%&W“&SFO\AFIE"WH‘:@H‘PCBT‘C%
f or mal dehydeoilst dehi sy sgbiactéd ysoley hgtrlvtia eoHéPr thaymad poeagemt in
di scl oses aopdeeess dohveliicChnéomplEtedit abiylednttadnalignals into the
for mal dehy deraGQRb @l dtinfl e?6 &Y Shst Hyd ol b €84 Esbriduidd . Shyurtaebethed ttral yst
at from 30 tl% ggggr;toéd forfgrrb}/c?létq.l%agggﬁ, ‘and the bottom product thus

25 obtained is subjected to the catalytic hydrogenation, which leads

to the polyhydric alcohols.

Particularly preferably used in the novel process for the
preparation of (meth)acrylates are polyhydric alcohols of the

30 formula (I) which have been obtained by the hydrogenation
process, i.e. by reacting an aldehyde of the formula (II) with
formaldehyde and then converting the aldehyde group into a
hydroxyl group by catalytic hydrogenation, particularly
preferably those which have been obtained by the process

35 described in WO 98/28253.

According to the invention, it is essential that the content of
bound formaldehyde in the polyhydric alcohol used is less than
500, preferably less than 400, ppm by weight.

40
Formaldehyde-containing acetals (formaldehydeacetals, formals)
are those cyclic or aliphatic compounds which contain the
structural element

45 -0-CH;-0- (formula III).



10 GB-A 1 26050283089cri bes a process in which a crude TMP sol ution

obt ai ned by the inorganic Canni zzaro process is treated with a cation
~exchanger. A preferred process for reducing the content of bound 15
fornaldehyde in a ponhydric al cohol cgnpri ses purifying t he pol yhydric

al cehol stillat f i t.s rati.o u heat
{roat ment abethaiiioiB FrE e BBt R B el g o BhEER | derifed
descri bed i ATPE- “)?11’06099 @%’%Soranpnllf‘?t‘érllWE*F natt’d?r/ %ﬂﬁF?Ca’t’it&’f"\ﬁFf‘ﬁt? he
title Verfahredugtsmoz0sehsequeant m;nd\r@rwfdehwmaw@enmm‘et%ﬁ en aus
mehrwerti gen Al kohol en durch Tenpern [Process for renoving

f or mal dehb‘d@néwtx@dwb@g 26 lam flé?”i:li@'ﬁd‘l\l@t}zh.ﬁg af&qtaqhshwer&ﬁtuaaaln@f
BASF AG and Q;Ef ﬁgefg Jla as t he present document. 25 If

pol yhydric g s are useq su h a heating step, particularly good
results can be obt ained with the use of al cohol solutions containing nore
than 60~, preferably > ,/5~, pagticul g2y preferably > 90$, very
particularly prE eraply 30 > 95 M particular > 98 ~. As further
conponenty®, the a ol soluti o%ﬁy contain, for g a\rrpl e, solvents, such
as water, nethanpl, efhanol or h-bu I, _and_bypro tiek s occurring in the
preparatr on of t e pa yhydric & Bohdl Rébly in anobunts of |ess than
10, particularly pr'é‘erabl y less tha ﬁy 35 particularly preferably

| ess than 2, ~ by weight. This process can be used for reduci ng the content
of bound fornaldehyde in polyhydric al cohols, preferably those al cohol s of
t he formisaigl khis rEgranflae UR’aandr Rirdtdvel cher alpavemensfioned meangngs d [t i s
possi bl e t 0 sysendatsdees which originate fromthe organic or the inorganic
Canni zzaro process The best results were obtai ned when al cohol s which
originate f m t. he enation equse t S serving
for the red ti of %? ‘r?ggf' o ?d%‘ﬁg%%gégﬁ i é% aq‘éé’q Pej?%f%%ﬁ case, it

i s inportant foFlﬂ@'IalJreyér CFERHIJ'CP Bgyrﬁfﬁfﬁréb e JGFéﬁ%t Ynd to have a
purity wkh isskraight-sheianentbranededafydo-hEEysdbeh, Praferpply s

i ntended t o usecthes4hydeespaliyl,epaveidwrardlydphyfexakdivt ai ni ng acetals from

crude sol utionscofcolyiyyakyal,cobohpardgenpanti cul ar trinmethyl ol propane,
havi ng product contents of from60 to 95~ by weight, the crude product 5

obt ai ned by _t he ,hydrogenatio I OCESS (th i gcharge) is
preferably Subj &&t 89, ethg&; ?58?‘ E;cheétlt'r Fep‘%lldabci ?ﬁ"&ﬁgﬁg’r?’hg in which the
wat er and%t her PR} arréryspr%‘é’ha Pﬁa?‘tol and trial kyl am ne or

trial kylammonium formate, are separated off by distillation. 10 In order to
achi eve t he maspled sR®RIChr@rmydrogbe, austitanlt, ethpbund-propwh) delppdglin this
process, it 2'-§1e@ﬁ§ﬁ§§ﬁfy§l to.- Iaeurth@umy&peméﬂrﬁzlneasyammagytr ons whi ch may
vary as a fung %ppﬂloj d?B tQ {sy cﬁ.t)x?ﬂ rbrucE gl cohol used,

t he purltjsoe?ﬂ(} ﬁ"ﬁg ég%}ﬁf ude m%r% % Egp ny furt her
conponent aad )P r’ﬂ?@sé reac i on | onsy ccessible
to a person %K‘VPF%’&VHFPHYHe Ar YR XYsanh %‘t‘rWﬁ‘@F rs‘?pyl n°Jeneral , the
heat i ng stepi-lhydcaw-r?bd-@uﬁ(hyd#qwtbﬂltbf%(}@, 20 preferably from 160 to
240C, with residence tines of fromb5 mnutes to 24 hours, preferably from
15 m nutes tied rBOUGWLnA RO rh EdMYRS cOhtdI0iNgl@BethBs dre PROfbAFed:
preferablyzfrom1 to 10 bar. 25 I'f the polyhydric alcohol to be purifiedis
trimet hyl ol'Tpropane the heating step is carried out at from 100 to 300C,
preferably frgom 160gto 240C, w gh resigdence tinmes gof froge5rAl nut esl to 24

hours, prefera romlto 5 ho particularly p ably
mnutes to 4 r and the abov i oned pr essure The nt| onal
appar at uses knjown tjo a person sk|l 1l ed art be used or arrying

[
out the hgati R S)-ep, it being poBsi tﬂg} Sdlizd he%ttll n®<stePto B carried
out continuously or batchwise. In the t chy se procedure the heati ng step
is 35 preferably carried out in a stirred container; in the continuous
procedure, f referably carried QUL in a tubular reactf_grl it being
possi bl e to errp ‘{)Fa | i qui d- phase of 1?1 ckl e- bed net hod. st preferred
enbodi nent of the heating step is the

45 In these formulae, R!, R?2 and n have the abovementioned meanings.



40 continuo095py880d8re in a tubular reactor by the |iquid-phase method. In
all these procedures, the reaction container can be provided with the

- convent+i onal dunped packings known to a person skilled 45 in the art, for
exanpl e Raschig or Pall rings, or staclged packings, such as sheet netal

packi ngs, ieve better m npon Suyppor
and/ or cata ‘§t€°’i Ll%ﬁgygeo%ﬁﬂs}é’b%% NV ag, vg&?fgﬁ’aﬁ Cifn i ni ggézwfbogﬁs,— %gr
exanpl e ext PBGaPé“s age parrifwlantyyPreLerisd-present in order to accel erate
the reactions taking place in the heating step. Exanples of suitable

suppor t s/ catrhéyméthanothodeals EdrmAL268, meSihadpl sulpixdr tisd gphesgltigri c 5 acid

(5%'334) a@ﬂcéﬁ@éiﬁ?ﬁ mlha Qfﬂ@l]}/ ropBtt Odn tie FoembldehydeeBr fosid ::.lebﬁall
additive is s u i

order to acgglp Qs[ fqr(())rrm ?8 acl h&taaet gllt#ego&gch Q%slt%ﬁ E’l %g &g,,ﬁz%ra Uct i on
10 in the aﬁﬁﬁﬁ‘fl‘?ﬂ t he formal dehyde-containi ng acetals. Aci ds V\:hl ch are
not too strong and/or have a reducing effect or anhydrides thereof or ion
exchanger s, Tgpiciek ciarpeddenyddScond8éndilp apret@Bs a0 O36eaamplryi tfall thé or
this purpeseasEXHMRIRS s@hthek isalkre tA6 | €bsiHydelivdelqdapketnetdfldlpropane
phosphor ous agh, flfsﬁp%mﬁm{m ahd @%\%yﬁqabﬁy@&ud, thal BAdd&ncacid and

sul furous aC| e acidic in aqueous

sol ution, aré a?‘%o su ﬁ? gfrq;:laﬁﬂgl?ﬁ?o Ye useﬁﬁ% an addi t{{\ée 3re

enpl oyed i nfqrBRtiLYSe- EGHF?W%Rgﬁﬁ? B Ilva'b§VRef’Qh't Yor &Y MX Pr 8R4 100
to 2 000 ppAVesivkereadp 83eh tase RiditReEthyd aBAR? d6pAYSXGHTELh t Hehich

r educed- fi&r mayded ychea@énat jowlarhyadonot ad T drom ait)@rtcz HO¥hbut wewghgt ép, it is

preferabl e ichet BisaGiobb¥e 65 tgRS@QUBogethtaan bhetaiqre be removed in a
si mpl e manner by devol atilization of 25 the reaction mxture. It may

e & TS SN B2 RulE LMY albad NS UERLITA O 28 LAL dacaTPod nd

the formald d‘éoconr{ al.ni hg_ace S

exanpl e ni t PO4ERULAN J6H9BF FRASHIM 86 ﬁ?’@‘?%ﬁweu‘?ﬁ}b’r"aﬁﬁwﬁg’e’h q‘\ﬁ’t hout

bei ng ti P wespeehists \formaldehydeeconbalning acetahl BeHyiddiegnbyiHisng acetal s
are convert egsabytidel lyedbund wdigght ifnattioralinohbe peapuiont megtuxe .
distillation, into 35 higher-boiling, sparingly volatile conponents and

| ow-boi | i ng F%Q @ Land 8315‘?41’“:}]% ot & draadibiy@endraged of f by
d|st|IIat|o rig F VI re ce b 40
f or nal de Cf%’%ip gt eélE?r or#thpu% resul ?‘?’ 981&&%‘%118;1) QHQ&
spari ngl 5/(540&FPF-%5 c’iﬂ?pé’ﬁ@ﬁ?%erﬂiﬁ dit¥ed v | etVon ¥hegRe IP‘leat]1 Agd s’c‘ep )s an

t heref ore gdddral iy dadidudaeedgs £odilewstk | ati on. Since the sparingly

vol atil e conpounds fornmed in the heating step fromthe

f or mal dehydeoaeBhai &4 HpunackstmagRMIGHa! | ¥ Bl fiegghdp substantially fromthe
pol yhydric al cohols with respect to their boiling behavior, they can be

separate ff by sinple distillat asures or nethods having only a
¢ é%gﬁ
0 8 . e

smal | se & bynweiGHSX53089) + Separe¢ight wfi (IVeonprs diyng only
one distill agl onrll0 st age,

178 g/mol
. _ 2x 30 g/mol .
% by Welght of (IVb, n = 2) X 208—g/mol— + % by We:l.ght of (IVe) x
35 30 g/mol
280 g/mol

In order to obtain the corresponding content of bound
formaldehyde in ppm by weight, this value should be multiplied by
40 10 000.

The content of the respective components can be determined by
analytical methods known per se to a person skilled in the art,
for example by gas chromatography or HPLC. The respective

45 components can be identified, for example, by coupling said
analytical methods with mass spectrometry.



for exanpl e 00&I0I/53@30i | m evaporators or thin-filmevaporators, are often
sufficient. |If necessary, particularly if the distillation also serves for
“further- purification of the product 5 al cohol, nore conplicated separation
nmet hods or separation appar atuses are pged, generally colums having a

plurality o&tbpgqgoeg %3k vEhE I dordgﬁg%@rqﬁ &€ ROLHET, T 8 é&hr&g ﬂwed

packi ngs, bub cont.al ni.n ings. 10 In
the distill §OPERDE t‘h% E’Bﬁaeﬁ?’fwhﬁ %s’s%raé:hé'ﬁae? ﬁbe‘ﬁ"&t BPeY cfcfdlct |gons

known to a ﬁéﬂgbﬁlskl lled in the art are maintained, said conditions of
course al so being dependent on the product al cohol used. 15 According to a
further empodi gepds do%e disaléss o pRo6ESs ailrs @hheh Cordunpodiviém t he

d Il f
disti|lall 0onkBi il £2R81adifdIeht A %%eeail&elg Qrteag??g&mggggta

al cohol is § 8?%&%(:?‘?’1‘1651 fﬁgﬁg’ﬁ%ségr ’ﬁ%’?y voPaP F Rt Y F &Pnid

during the H’@&Fan and any other inpurities. I|f heatl ng step and
distillation are conbined in one stage, it is inportant that the reaction
condi ti ono d@esar i bzah A6V desturlibed at pngecéss [imewhiicke,a toxmder AMPIrso lartdonn

particul ar teakRed A/NeRe! i NBr QB cMehAh 820G prBcsdlals t@eathd avitn2a
sufficient decogposidd f the formal dehyde-containi ng acetal s. \Wen
4P driiariost?

heati ng step and disti Ion step are conbined to give a single process
step, the addition of acid is preferred. The p hydri c _al cohol obtai nabl e
by this prodedseferkadhPrPchas (PBFedyRtvhtthss CBB%ﬁ’élt fr PRMBEhyde, as

defi ned alfoviermeldélmsie tinaa BOWhyskrdfeakddholl eowprisas 400 ifppng bhenei ght .
The process geyywhé€it tdieopol yby diiist ialleohed afasrobtfipreparbeioexamene by

the Canni ZZ%% eéti ﬂy%ogeﬁ@&ﬂ q&ea&ﬁg@@sand %haﬁ PHY IE3ANGaRt - addint,he case
of LIl methyl gﬁ %rlsféf g 58d:A 9@% S3Is0204he
present: r| e ape but a gf Iy Hae Qropaneclil ol
Tri met hyl oI pafke fona! PR J?tér]c(hte anhr

Di-Tri mat?ﬁ/IF@IfBFBﬁfan‘éOfl—hf@ﬁ@?l‘é‘%ﬂmééﬁ-@%“9”9“(*}&1399"’”9'5 yeFweEts9en o g, 10
ppm - 2% up AlkoBeler dprch0Teppern JPropesd 3 remgvind ppm- 2~ up to 3~,
e.g. 10 ppmfordaldfhjde-Font@iging QcepEls from pdlHRYERNSA1téhbil ghsy

condensat es iy 1 R§; $£BaR¥ARR! £nd the same date of filing as the present
di met hyl ol bu anal %I‘I met hyl ol propaneacet al ,
a

nononet hy| ol atanar:tri met hyl ol pr opaneacet aI or

et hyl acr of®in-tri met hyl ol acetal . 5 Al koxyl ated al cohols which are

obt ai nabl e BBf Pedrhydric aﬂépwwrﬂr@ asedhdt et ai hedginde$§ePhan 500,
preferably |mpssithasari0Goodpresilixowad beroktladialeddeivh tttheaiskeatalmediol

al kyl ene oxigdauah6né WMRLRBAE matid abha 653 Alprelfekabipr> tise,esterificati on
with 10 (”Etﬂ(})ﬁ‘iEMiéPlﬁcﬂr‘éffe?HbiﬁbJ ?08l, kvéﬁpepa%leeﬁa@rye pr%@ergw_mol e
sthylene 951 %ss prggy%%l%ceﬁh & 4RI BRI BnodldOX hENLE

styrene oXI ene oxi gro ene oxl

i sobut yl ene %u&émﬁa‘}“ﬁ &9!“5? xCii &XQBP VERES OX?‘H% gﬁdyﬁﬁ I opy! ene
oxi de. Pr ef atatd@nekangtianodf o uwlaila@@%yl a%domreéﬁet% QERAITABI atk BBA at i on
products (VarepavYbriom dfVtheoporylgohdlesad¢olidie 2@eferablya if pm@in{ of5
less than 10, particularly preferably less than 5, very
35 particularly preferably less than 2, % by weight.

This process can be used for reducing the content of bound
formaldehyde in polyhydric alcohols, preferably those alcohols of
the formula (I), in particular trimethylolpropane, of any origin.

40 It is possible to use batches which originate from the organic or
the inorganic Cannizzaro process. The best results were obtained
when alcohols which originate from the hydrogenation process were
used in the process serving for the reduction of the
formaldehyde-containing acetals. In any case, it is important for

45 the alcohol to be purified beforehand and to have a purity which
is in the abovementioned range.



H-X~1 O-XI ~RORD/83RB9H H ~X~1 O-Xl ~k (Va) 30 H LXJ90 0' ~Xi ~H H~X~O O~X~H L
1 k (Vc) 35 where (vb) R and Rz have the abovenenti oned neani ngs, 40 k, 1,
-mand g are each an integer from1l to 30, preferably from1 to 20,
particularly preferably from1l to 10, in particular from1l to 5, and 45

:ﬁg?hélr for Ige%%%%inzjgaegé%%gggégfg&é rgg EEY%Z | ndependent |y of one
_ CHp- CH( CH3 %ﬂg‘)res Eiahs %6 (.

- CHz- CHS/ n- )f (daéﬁg‘blsr innpapF sy F5im Wﬁm E)Zn%nd‘a"lng

- CHPh- CH2- 0p,ro§u<e¢ mﬁpytsr@fnfmw §Potp Vondvsveightof theHpr@igz-ngoduct

- CH2- CH( CH3pbbaimend] byChEH3ydxdd2nadt ionhmraxreBls | sh@gmitoganadtibm is vinyl. 5
These are pueterakde) TBNBretdrA§asubfedtdd;Ubaiby (¥ @her abhyin®PRRep! Oto
pent aet hoxyly é&fﬁe gog.?lx¥ dch%r wit¥£%h & %Qﬁfkaicﬁﬂ 919 ePE OPQIH alsed

neopent yl gl é‘@g é‘f‘h{) rrPap ropane, tri met ane or %ﬁ:nt aerythritol.

10 Among th SR AR LB P YL AR 8

particul ar | jepRredtad ot py %@éd 1arkeRyl at ed al cohol s are used, the

di f f er entlOal koxy 15 groups contained therein nay be present in a nolar
rati o to one@naspddrertc0bchiéve eohemaeeiréd Geducllon in thectonddnty df boundO .

1, particul ebkmam&fﬁea%ytﬂlg oeess ] it g h@é&ééﬁy o hAen@dgphols with
an al kyl ene gé!é Plé S:e‘é@(e np&{ a‘ﬁlﬁﬁs ch ﬁgzg al %dthc{Ilﬁm Yel - £
Possi bl e proctedu u en der . énl Sthen
Chomi e, 41 h SEaRPLSn @Pe VRAF LG éa?? PEOPUEETIER PEoBS
Vol une 6/3PaprParets usﬁégeE“%?@HaGaB%es ZEFGF’hén e&%Yl%HtP§rp?@?Eé?r%l“-§ or
carried out addifivén\psesghe. (tlegeydeact ddrcaionlditidnhegessacysslilsleolteed in a
sui tabl e solpeeBbn $kidleBenA ety arel Beneeans loEnexpéeinedtydr of uran, hexane,
pentane or petroleumether, is initially taken at fromO to 120C,

In general, the heating step is carried out at from 100 to 300°C,

20 preferably from 160 to 240°C, with residence times of from 5
minutes to 24 hours, preferably from 15 minutes to 4 hours, and
pressures of from 100 mbar to 200 bar, preferably from 1 to 10

bar.

25 If the polyhydric alcohol to be purified is trimethylolpropane,
the heating step is carried out at from 100 to 300°C, preferably
from 160 to 240°C, with residence times of from 5 minutes to 24
hours, preferably from 1 to 5 hours, particularly preferably from
15 minutes to 4 hours, and the abovementioned pressures.

30
The conventional apparatuses known to a person skilled in the art
may be used for carrying out the heating step, it being possible
for said heating step to be carried out continuously or
batchwise. In the batchwise procedure, the heating step is

35 preferably carried out in a stirred container; in the continuous
procedure, it is preferably carried out in a tubular reactor, it
being possible to employ a liquid-phase or trickle-bed method.

The most preferred embodiment of the heating step is the
40 continuous procedure in a tubular reactor by the liquid-phase
method.

In all these procedures, the reaction container can be provided
with the conventional dumped packings known to a person skilled
45 in the art, for example Raschig or Pall rings, or stacked
packings, such as sheet metal packings, in order to achieve
better mixing of the components. Supports and/or catalysts in the



30 preferabPP5P/83039 to 100C, particularly preferably from 20 to 80C,
preferably under an inert gas, e.g. nitrogen. The al kyl ene oxide, if
necessary dissolved at from-30 to 50C in one of the abovenentioned
solvents is netered in continuously ori2n portions with thorough m xing, so

that the ! eupepah ro%aqf %Hfsﬁ&gg%&apf 3&{@5&%@@&%@& éf %Elll%Qsto

180C, prefera he reactl.on y..tak t.up. to 60,
preferably % EF??%%F af PrPRrE? aatﬂcflu]ﬁaga tl r q"a"’lr]rcogﬁt of

al kyl ene oxP eCstlradihesPeat’s!eﬁ t58P - BRI eE. PExsuBty e+ 1 Fm+q),
preferably epppor{s/c@§aitygks +includm $iQp,) Alglant Ségtarﬁwpprwérmﬂspheklck 1+
m+ q), n@ aefidalkyplogneamxizd@latesnetered in per nol of polyhydric al cohol,

where k, 1, mand q have the aboveneti oned neanings. 45 If required, up to

50 parti culegr bye p\;aer{lgmbgy Eggth%aﬁp% %P ghszymf% walielerat % geg o

10,
accel erati 0|”r° FB /"5§5§§n‘16ﬂ(ﬁa?‘8f‘glﬂ% ;ﬁgﬁn

di et hanol anaseelerata I‘Pén§Pa%ﬁ@ch’elltc?*i"-lﬁhaﬁlh‘%/I1’&%1’?’1°|’°?éé{‘ﬁa1=|‘%)’rda1r’r’ignéo @t‘ﬁiﬂ"é’ﬁé%l ycol
or di et hylceda ghecaiqunandfathealfiormefidéhydatoonitdésinalastalat escigls which
hydrotal cit %,repfl@tf; elclsy rahd adnd /Rt abvéydnedudengi &f fi@itebr anWydeidelshe

2: rglNgget gwﬂﬁ bas J}eqr%ngggmﬂogeét £k ”ﬁ&e&é‘&:ﬂﬂﬂ)redt g Lﬁ§3é3to'9@n?b§ general l'y
particul arl 3(?% e?gfa O%%E?b[l% %gg tiits L?% % é;?eﬂﬂp%g 8 3 6able
preferably @F& 8’(5)“‘7c]d1 ?PSEIEP ffe raﬁ’r?f EPBP BT of é’ﬁ’?‘i}b?)s TPYEC, it
bei ng poskd lgicaéds opoxite aFéﬁpe‘F%ﬁW’éct éc%‘én%ﬂqw SUSEYE M aSride 0CREeS richaded

st epwi se or cognandis®ys| yhiclhereoavidie dm efuebky|slatdrndeares adisef er abl y at
| east 90~, Lhipapiécularly preferably at |east 95~ very particularly
preferably at |east 98~. Any residues of al kylene oxide can be stripped out

oot on o Ll BeiS0)' @”@'s%?”%sﬁra%gﬁ R %‘5“‘*3@”}“9“ the

bat chwi se?0 sféﬁ’f“cbﬁ)ltﬁ’%&‘j’s BY wejiahit muBﬁ%f%quJrYa ToT  Fy tPeac{;r@

cont i nuousl| ;Slmeaamntﬁ;ﬁsalstne‘ac@@edmhtﬁh 50 he ceppxared fHeR thaction is
preferably caduoted-formaidepyééadetalnpbhehydmjei dl2bhphasiterThie rissaitingn
product for iedp¢ag: bes fprelrbesbd GFeened addyivde i8r gakydwdanp éom 30 |f
further use t'h@rgff>ﬁ e Ty 'Pehgvgﬁsiérg%d Bfe A4 ¢t bgaRe NS Ui bhefon T

exanple by crystalljzatiqn_ _an | |qU| separation. The yields are as a
rul e nore®? F8ACt M A Py hore than 80~, 35 frequently nore than 90-.
Those pol yetherol s, obtainable by a process for the preparation of

pol yet her ol it aeydéectlidyodrenbe edveatrasopattenicagppl Petattihen hapting ttep

appl i cati on fetndeconfididgo4hd dbridiyieRgde 2t aial agddcdtialisheénnohe

preferred. We%@ﬁ@é oﬁcﬁxyﬁﬁbﬁﬁ%& CFaradyand a0eQusbyede d1sRd b hdlEurgvel
prepar atlﬁp rodsh. described in the German patent

application R t&gF € app |cat| on nunber 10223055.2 of 45 May 24, 2002. Such

pol yesterol s are obtai nabl e bg reacting pol yhydric al cohols wt h at | east
P

one’ di car bo¥theuscheinthdigh BRer dd1soFdri Ve, 1% GFe8READI €3 anhydride of a
di car boxyl i cfcamiaddehyde~containing acetals are converted by the heating

step, in the alcohol prepurified by distillation, into

35 higher-boiling, sparingly volatile components and low-boiling
components and can thus be more readily separated off by
distillation.

The polyhydric alcohol having a reduced content of bound

40 formaldehyde can be readily separated from the resulting
high-boiling sparingly volatile components by distillation. The
heating step is therefore generally followed by a distillation.
Since the sparingly volatile compounds formed in the heating step
from the formaldehyde-containing acetals generally differ

45 substantially from the polyhydric alcohols with respect to their
boiling behavior, they can be separated off by simple
distillative measures or methods having only a small separation



0050/ 53039 995P758838ired in a solvent, with renoval of the water of
reaction, the polyhydric al cohol used having a formal dehyde acetal content
“of less than 500 ppm 5 Polyhydric al cohols are those as described in this
docunent. For the preparation of such ®l yesterpolyols, the acids used may
be car boxyl pgeag d%etﬂ>§¥hggo@tudl‘i’:§55:oﬁlﬁﬂs%ﬂgdogi%% da6ei eLabon %It'aBQat' c

or aromatic _dicarho [t 2 ar bon

at ons. Exar‘rﬁ EERTR |F5E)?]én%'sf@£“b8 ?/?? q%(??’dgra@’eln' di %i ev%t%or(ilt%s%ém ni c
acid, gl utaPre fieR sYfbirientacild, PECRISATY raPPR IRV c 1 CThe

decanedi car B@ayilkata@mdalml%em\r@saépd fuynhheri punifitatdomesf cthm@reduct
trimeric fsatlyoksl,dsnoaedcpmel svatlelly seph i ttioac melthqux loal separcatdion sopht halic
acid, terep%gaﬂﬁls{a@l drd Susdf), rg@aetﬁmsﬁrdoqumahmmr@nadpmfmw b€ acids.

The di car POXKEbEAMaS o yepe deﬁsre@gg%e%%% hh¥ QnHindn &y Wi th one
r

anot her. 1Ins IS a so ible to use
the corr espBﬁﬁ?Hbgsdl é’éﬁﬁ y‘f‘fabv geﬁﬂ ?’i/zfto%glgé %}ta&éﬂﬁ B altﬁicegr boxyl i ¢
esters of aPashbh¥-of 1 to 4 carbon atoms or 20 dicar boxylic anhydri des.

Di car boxyloi ¢ acid m xtures conprising succinic, glutaric and adipic acid in
wei ght rati ag ohe didtielatpde, the tond&itidmallopb@ssite taad32dmperdtadepi C
acid and i nceﬂaitfdﬂsaﬁmewtweas pel-sBAt f1ad 1164 ¢ h de RO @ aEQtﬂé\id&ﬁ@Byd“ de

anc adipi ¢ 2aug cdldflons o JMNAR! b8 GdlrisABINEHAL) on’ent SORDRR] | € acl ¢

and adi pi Xylicaci rising suc lutaric
and adi BI c acfFah %d‘srﬁdxt ur e)s/ of terephthalic aci (rzlrpand agl pic acid o?

di car boxy5 ¢ acid m xtures conprising succinic, glutaric and adipic acid
are preferabkygoudiady teorn €sethear retngbdirp@iw,urteehhaetifmrssﬁpmmmliso be
carboxyl i c 30mBChéts WERnTeKé Ud B iMhiaeNog PNErAithisr €4%d,i Gheahbakid cakesds are
preferably %ﬁgge R HBRPESm JATl ¥oREht S ARt B?ét'ﬁlﬁ%ﬁ:'lﬁﬁt L¥SsnathiBG! pgli ng

R %&cqgﬁ% ot oS 8oh nEHT dal Ty or

as a mixturé& f ncahbox¥ i C CIdS in
particul #° F&PFV‘ Y golatife ROMROBERES gﬁﬁn‘? ors RE2HHEH 28% of

al kyd resi n®th@hi BRPUFEELIBE - fmtﬂ?@f“-lﬁﬁo%*e%%éd’dt 6l§F3«JelaI’qlﬁPsﬁé% C%“&Pcohol S
of the formihaofi¢)stzaye béetusedimperaant xthate thiet heéaridrecopdiyihgmndr i ¢

al cohol's, praekerabdy aboveSan@fredat@nd2to 4k psate] abdnpezatars, amdrimon at ons.

Exanpl es Of Etlﬁﬁ] xp({lhﬁh¥g£ &erﬁgeCQlﬂﬂlasaré @naﬁ%‘&ﬁiﬁé’cﬁ arlnd'oﬂiér @Jeachleve
et hanedi ozj I ol

n
gl ycol , 54 85? de%i’ Bo jetrftdéhé)g gﬁ ﬁorépaﬁggg &‘e cqnhtaingﬁgaayecaneal ol ,
gI ycerol anét’ eR| hﬁm%lsﬁﬁap%ﬂ% disphaki St&?e?ﬁ?l@?@lﬁfagc'b‘? giyg a
4- but anedisdingle , Bronesisantep ol thel agdhbkemefi ocidrigribtefessedf at | east two
of said diols, in particular m xtures of 1,4-butanediol, 1,5-pentanedi ol
and 1, 6- heX%%deiyhﬁﬁc 20058 538 i A8b 1 aifyer-tamsypms aehae@nqr pakyal s
obt ai ned {4 g, a&&%e%ou% foﬁnacl h@CtQQedeﬁBeBy%&?@’C%rbeéé’é'&a%c' ds,

e.g. W hydr ro c enz can furthernore be
used. 5 If § &ﬁ%?l onart’l %p(: s ang}gr ctarboxylic acids can

al so be used as a m xture with the functional al cohols and carboxylic
acids for eshgbbreersmy bryhyhighcth%mwzydrwaﬁ%spégl dfasmeobsrinedi dieal
carboxyl i c asdatiplarisy mheocenhiziatd prathe shydrogeeatigy erocebs, abs d or
ricinol ei 5 aGlidpoEXawpl es of nmononeric 10 al cohol s are aliphatic al cohols
of 1 to 15, pre?erably 2 to 10, carbon atons, for exanpl e hexanol, octanol,
nonanol or decanol. The al cohol s .of the for re pref bl used in
an amount oft “ngg o ﬂfﬁ’-’éﬁ%ﬂb‘g}%’ Sﬁ?nebasedeg)‘ﬁ%?ﬁe V\gll Ef %/

pol yester alcoBmeprent Beyr fiLlen) ke Hrfesﬁﬂ*éy have a functionali ty gr eat er than

2, since otherw se undesirable crosslinking and, associated therewi th, high
Vi scosi t yamfrdime thplyRsiopanal cohol s occur .9720 FOB9 t IFs preparation of t he

pol yest er pol ¥ Methyibge4-gaphc, e.g. aliphaig CtoaB@ ps &f .enabpymar @At C,
car boxylic aj:ézq%ﬁng jne&t#ﬁgg apd aromatic abgFl‘@td C 1gob¥ﬁar baxylic
e a

aci ds and/ or reof and pol yhydric cohol s can be subj ect ed
to pol ycondesde ?}Pﬁqﬂ?nﬁbggﬁ%é of a catalyst or, preferably, in 25 the
presence of'é@i@flF¥t£ﬂﬁmﬁ#ecét%ﬁ®%ks expeth &8t By i $r % 14t REB phedte

conpri si ng5 imeMrigesieslolprgpanét r ogen, cardpreondhoxé dp, Bebbom Z& gon,
etc., in theiiger abnddryncts0 to 250C, prafierabby, fe am 180ppe 220C, under
at nospheric or reduced pressure, to the desired acid nunber, which is
advant ageousl y




30 | ess thaP0350Q/5p03%crably | ess than 2. For the preparation of the

pol yest er pol yol s, the organic pol ycarboxylic acids and/or derivatives

 t her eof* and pol yhydri c al cohol s are advant ageously subjected to
polycondensation inamlar ratio of 134 to 1.8, preferably 1:1.05 to 1.2.

35 Catal ystg g JBMeREa A daG £ taf&stegta ﬁygh as tol uenesul fonic acids,
Sthyle é

r ef er abl CcQ n I cul ar those based on titanium
gr tin, sﬁc EaLﬁF:l?W?]e'ttgg gyja?ié’ af‘F?l‘(‘I"traloct anoate. 40 It is also

possi bl e f|?‘%@%ﬁi’-hﬁ’éaé’?uﬁf@WF&H?H?YJ@W@BHB@%%% &Fkyl ene oxides to give
a pol yet her ethylzhmalolend-toimesthgiplycetdls with carboxylic acids. It is
| i kewi se possible to add an al koxyl ation catal yst to the prepared pol yester

al cohol to Aﬁk&maﬁ‘c@h Qil‘dﬂcﬁ.@ewﬁlbﬁleaf‘é) c%%ai‘ﬁlé'bié &ga&i‘éﬁy The

pol yet her est s..t.hus. 0 ned C 0 39
19 pol yet heP%#@‘ydﬁd'cpSF' bE ero ;i%%ﬁrg er t‘b(fU b&xf& 1@?% ehat?
prepar ati on46¢- pﬁﬂ“}/&ffe‘f’ﬂ‘é’i‘% °r’F‘Pr an % RESp? |8ﬁl‘5‘? t he
(et h) acryl are fuxihhesmonetsnidabyei és a%:IQPha’ﬁé por yhpdepgerl Hesiionswelh ri ed
out is nao kmnethedryAdicoacidig to the invention, what is inportant is that
t he polyhydric al cohol used has a content of bound f or mal dehyde, as defined

gggxea ol yﬁﬁgtéﬂ@alaggnglpé %ﬁ@@@ ¥rd 25! 'g%élgmﬁﬂﬁ,; SRR Exevmmt 10 when
esterificatP cegXl 3 1%% J di%h %}ge} ES‘( IJ%?I 5}c'i&(%?:lJ %tig?ﬂe
advant age V\ﬁ?‘t‘: 'tiﬂ,;eﬁ?EaB* teﬁi ﬁﬁ?t‘? & PREPYH °6‘18F06‘P1 %has over a
convent i dfalispitihene exideoRAr tisuharinPrathr etdylene Ffidsoand/or

f or mal dehyderopyldre satdeesterificati on process. The preparation and/or
wor ki ng-up processes known to a person skilled in the art for the

pol yhydric e i exanpl e

t hose nenti %E%Q%e% %ggrg fgy%qgrsh?g &fkd sg?iécéiécélﬁ% 2\92%%};%% 36, DE-A
38 43 843, QX VLALLONGBHO s (780 Yod"58"3 331 845,
EP 554 6%P éprwyla (87 383. 25 In gener al, the esterification can be
carried out as followg; Thq@esterifi cation appaFPat us coj ts of a stirred
reactor, preferably o eactor having a circu eE fat or and an
attached distillati on with condenser and p separ at on 30 vessel.
The react or may be a reactory acket heat i ng
and/or internal he 1x g COHEL Bref erably, £ act or‘E g'ng an ext ernal
heat excHanger and—natlr al rced 35 cir i on kwith the use of a
punp, particularly preferably natural circulation, in which circulation is

ef fected w t hout nmechani(¥al) aids, is used. O cow(gb) the reaction can al so
be carried out in a plurality of 40 reaction zones, for exanple a reactor

cascade conprising two to foE&LEW%tef r ab \Mﬂ-ql three, reactors. Suitable
circulati evaporators are erg killed in the art and are
descri bed, for exanple, in R B| | 1%et [ 45) Ver danpfertechni k, HTB- Verl ag,
Bi bl i ogr aphi sches Institut OE &H

Xy X{l

A
(Ve)
35
where

R! and R? have the abovementioned meanings,

40 .
k, 1, m and q are each an integer from 1 to 30, preferably from
1 to 20, particularly preferably from 1 to 10, in particular from
1l to 5, and

each X; for i = 1 tok, 1 tol, 1 tomand 1l to g can,
independently of one another, be selected from the group
consisting of -CH,-CH,-0-, -CH;-CH(CH3)-O-, ~CH(CH3)-CH3-0-,
-CH,-C(CH3)-0~, =-C(CH3),-CH;-0O-, -CH;-CHVin-O-, ~-CHVin-CH;-0-,

45



0050/ 53039 0080/88@3Rei m 1965, 53. Exanples of circulation evaporators are
t ube- bundl e heat exchangers, plate-type heat exchangers, etc. O course, a
-plurality of heat exchangers nay al so be present in 5 the circulation. The
distillation unit is of a design knovvn15)er se. It rray be a sirrple

distillation Hnlé piibch, o‘?Ln%rwﬁg'gglﬁf- = | $r8 é‘f&‘&%ﬂ ¥) guard or it

may be a rectification. .o e
pr|>/nC| pl e afPRELAR PonaFHz1ierdal s CHFO&? é:l{.?n:?ﬁ (a"samgf'léb gé(:ki ngs

and/.or dunped packi ngs. Anong the trays, bubble trays sieve trays, valve
trays, Thor whanetPhayis phedhpl ahdalvihl dev t¥mpls are preferred; anong the
dunped pagki ngs, those conprising rings, coils, saddle elenents or braids
are 1? g;]tef %EEQC%:%S e&gk rnwﬁbti 8 é’&éﬁe%?{:ic’f’@aﬂlyaﬁﬁéfé’fﬁl 0
suf fici s |

bR O SR EE LA n%la@% g@&g&ﬁg%g fP nfled B SAMERY angl 20

desi gn. acr ,
equi val ent 2t08R¥ atl%’s@ﬁoB?Pftw ¥p8 B’foﬂaﬁ‘@ aI cohol, but it is

al so possi bltsimethisko lesdgne hem Herli’éaESY‘éli!lb‘rt(ﬂil -onetric anount or an excess of
(meth)acrayd ic acid. The nolar ratio of the nunber of hydroxyl groups in the

pol yhydric %&u@ﬁ?%hé& ,( FBbYe asd hyard&i shdchdle geneiélfokmuld. fb) Are

preferably ularly preferably 30 1 . 1.05 - 1.5, very
particul arl pre?era]%giegé][lf%% 1.25, in particular 1 . 1.05 - 1.1.

Suitable esterification catalysts are the conventjonal_ m neral aC| ds and
sul foni ¢ acildsTiErdiaEkeByy aE‘EFX fafcobodgi 3Fe JFSSphbhe iffexepy, alkoxy

al kanesullfi)mrouaﬁ:lmlt(aeneg tieneaion ooyl b roresgatdint & imdlaar sABi AR SDRf oni C
aci d) and/ oranathéswf,0rfior agamisle,e0.95 be2rend,, ppefeatabdyged.dbr— 10 : 1,

dodecyl benzepesubi D¥I1G; dekddr1yrioxbures { her eof but acidic ion exchangers
are al so possible. 40 Sul fur| c aC| d, nethanesul fom c acid and

e used. - adrg Ferdcidn 87 b alcBhonschith & S1Rien s B G B8 T

parti cul 249 fepF@f@r%ﬂﬂ%?nlsklhlecbéﬂytbar%F‘E:UIP&SFﬂ‘bh% Eiﬁoé’leé‘fléﬁfyar? 4, ~ by
wei ght, base@sonibéxd igstHenbénewaylonMethodere der 005 E5R0RD Chemie v cdhli r ed,
the esterifimgation, catml,yshiend e lagnpyrett Jare Ehttdrartinankmpd,ure wth

the aid of aR1LRL @x@arﬂgg 1 Thsade@n 3@3cbangey. can be added directly to the
reaction mxture and then filtered off or the reaction nixture can be

assed over an ion
P 25 The reaction is preferably carried out as follows:

The polyhydric alcohol, if necessary dissolved in a suitable
solvent, e.g. benzene, toluene, xylene, tetrahydrofuran, hexane,
pentane or petroleum ether, is initially taken at from 0 to 120°C,

30 preferably from 10 to 100°C, particularly preferably from 20 to
80°C, preferably under an inert gas, e.g. nitrogen. The alkylene
oxide, if necessary dissolved at from -30 to 50°C in one of the
abovementioned solvents is metered in continuously or in portions
with thorough mixing, so that the temperature of the reaction

35 mixture is kept at from 120 to 180°C, preferably from 120 to
150°C. The reaction may take place at up to 60, preferably up to
30, particularly preferably up to 10, bar.

The amount of alkylene oxide is adjusted so that up to (1.1 x

40 (k + 1 + m + q)), preferably up to (1.05 x (k + 1 + m + q)),
particularly preferably (k + 1 + m + g), mol of alkylene oxide
are metered in per mol of polyhydric alcohol, where k, 1, m and q
have the abovemetioned meanings.

45 If required, up to 50, particularly preferably up to 25, very
particularly preferably up to 10, mol %, based on the polyhydric
alcohol, of a catalyst can be added for acceleration, for example



5 exchanger 0B8@/5PP8Perably, the esterification catalyst is left in the
reaction m xture and renoved subsequently by washing (see below). 10

Sui t ablre pol yneri zation inhibitors which can be used for the esterification
are phenot hi azi ne, nonohydric and pol ylgdri c phenols which, if required,

have one o yAPE, HdkdlcAAgYRnnBYChy ﬁid&&h@t@n%ﬁietmofm e o-, m or

o

p- cresol buty

B e ut LR e SR DEE G sterbrigne bisr

2- et hyl hydPBEAHEHE, 1ots d?XdéPP‘lSGFyIW‘G&GFﬁ%r@ dragal %kﬁ%;l phenol ,
4-tert-butypphéemblyzalkdlltr@ttalbbysir@hﬁe@ in2watgsthyl - 4-tert - but yl phenol :
4-tert-butsyl -2, 6-di net hyl phenol, 2,5-di-tert-butyl hydroqui none,

t ol uhydr oquREEE e A1Ry18%d fash@@ehw(feérﬁebmpyéyérﬁmbhaé #0, paenol),

hydr oxyphenglLg.. {4H i %Xagné,gaﬂy 290 BAE GG SdiOlerom 10 to 500,

(1, 2-di hydr oXx enzene oquinone, am no i
par a- ani nopﬁﬁ% %SQ’Bp (gqiﬂ gld % Ei’r%’%%’f@ﬁ& £ 5 Eﬁenol s,
for exanpl el80 neRHBiEpShahofrqy 8] 00?20 ﬁyrBEﬁf%’Eﬂ‘RﬂY FBABNE HA 2«92g ©r ),

2- et hoxyMepettiulagdyr pp@f(a}traz!ﬂyptﬁeqml 1004t BO3G/pHen bk iddymresdbilaoher
monomnet hyl ehbeténpefat@re Oto dieradht cbndddntd offet b ey iheiehsed caphesel 6x
e.g. a-tocopBREPhuow@i¢.2, 3-di hydro-2, 2-di met hyl - 7- hydr oxybenzof uran

(2, 2-di net hyl 7- hydroxycounaran) phosphorus conmpounds, e.g. triphenyl
phosphite, h sphqrous aci d _or aIk esters_of hosphorous aci d,
copper or \ﬁg VETSAgP| fn atiivdrae, © eoﬁsuﬁfﬁfe“iﬂ}glﬁeﬁ safst gfogr' exarrpl e
t he chl orﬁ%@értmlfaétlé'sPrgéﬁli%ymaésle%ﬂs;?ﬁétr geriacﬂa,ntase%a&y acet at es

t her eof , 4- pydfexaty? a6, bedst r8¥et Ayl prexeidugsno - @Myilene oxide can be

4- 0x0- 2, 2, 6sbrippemmichpy pposind - jhoXxV¥or example nitrogen, helium,

4- acet OXy- 24248n Gt Glelanet @B{J.L&i@eq:hg' Pe&l:'tq)&ﬁl mlia@ure
2,2,6, 6- tetranethyl plperldln oxyl

-trls(2266tetrarteth eridin- N-oxyl Q_ hite or

3- ox0- 2, Q%TBetE??%Phéﬁgyg § SATALRIN By |ECENCRETR e PR SRTHRE -

N- i t r 0sodi BRBAGPREANVOUS Ay NP L moélltkypo‘ﬁ)%tlfia-l@hén?t@ﬁ@ﬂ &RRAERY & mi xt ures

t hereof . 40cohtimsiwlyf ioaditrbularpredctabmitbastateid outkers.t he presence of
at | east one polynerization inhibitor. At |east one conpound fromthe group
consi sting ghep Rndg 5N efB.‘c%'B(i?Ugé‘Pﬂf‘ed '6)5@@&251%%”990@% hylgugtiher
2-tert-b | = 4- et J1pheno b-ter utyl 45 2,4 met hyl phenol

2,6-di-t B f’ I-4 nmet hyl phenol 2-tert-butyl phenol, 4-tert- butyl phenol ,
2, 4-di -tert but yl phenol , 2- et hyI 4-tert-butyl phenol,

4-tert-butylrhe, mmwm?rpﬁmlfprmeoom 38039r2Reh mrnsiessp ol prudei dr
copper acet abekedappeorahl ori de and copper salicylate is particularly
preferably used as the polynerization inhibitor (mxture). 5 For further
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10 regi on ofeR2ERFiAAT and/ or |nto a ci rcuI ati on evaporator and/or passed
t hrough the reaction m xture and/or over the latter. The pol ynerization
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the esterification mxture. The pol yrrerl zatl on i nhi bi tor (mxture) can be

used for e n_aqueo SO asS _a SO n ILn a starti ng
el or 396n vk iRl cobhA10ebhe Yy X pBehE ot AR e Rh 0O |
distilled off, PPLYHIaTGLlE0s3F tﬂ%?ctrébgﬂpb‘brtthet RREMPR RASILHPPRELFALIGN 3

sol vent whi etithothe anplazebienpiumbeirxi0223044.-4 @btMay 245 8992 aldre sol vent s

for azeotammEuethermw prkféeheredat er of reaction, if desired, are in
particul ar aliphatic, cycloaliphatic and ar omati ¢ hydrocarbons or m xtures

thereof. 30, ESU&P”% %e@@é@é‘fs hﬁgfz Salea THUEYL Gleghexane,

b t ol h
ot hyl cyol ofEXRRES IR €31 (BRE ke oL ycg fiod FLARE' cerman patent

application with the application number 10223055.2 of

45 May 24, 2002. Such polyesterols are obtainable by reacting
polyhydric alcohols with at least one dicarboxylic acid and/or
one derivative, for example an anhydride of a dicarboxylic acid,




The esteri f0Q90/53088 preferably carried out in the presence of a 35
sol vent The anmpunt of solvent used is 10 - 200, preferably 20 - 100,
~particularly preferably 30 - 100, % by wei ght, based on the sum of al cohol
and (math)acryl ic acid. 40 The reacti iy tenperature of the esterification
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passed di reﬁ&éy J“&%;Eheséﬁﬁﬂqy QEléOrﬁ%éﬁﬂé@@&aiﬁﬁ&ﬁﬂﬂboaélﬁ'rﬁaﬂeihlgeld

evapor at or, escCrl n_ W t

appl i cat i onfﬁlﬂ?ﬁfe G%llﬁeﬁslc a%é ezt § ﬂ)&r}, %l%&hg ?P#l g}etflg%iag %hase
can, as desBfiBE 3GTIpEPRAENAIGc2cidp, 1‘°tf§’hffz‘8 i¢ o"?CJ(f’dnitFBF?]i’ OJﬁ%

t enper at d5eand thre isomerie i Raphitha leped 1qanboxy i eacicont EnAeRLgarbopylic
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4 - 15, parshcoizid,y gdpbariamnd adipig acigpdnswe jighto ratagst of 4 H®Ti nvent i on,
the sequencexahpbeidi2ioi @0 85: t3te tiond0vi Zado Beacandradipipoaeid sands inot

i mpor t ant . &étf&lmnﬁakﬁuﬁés r&ﬁ/phehamé iRildy ah@K& prthal e XdnHyairagd then

heated or oQg40L3{FE a BB £ B, Q{QltlEchP& (ocm dPaad]y initially

t aken an gge irﬁl ? %atl n a [ | can be
used is %ét Olb SCI?n ifg a%%ldofor glaaﬂ% rré‘tlﬁ') gcg‘?lrgl \ggll §Q
contain, foF°@R5ﬁ§J’P§’ spReinit 4 (%uﬁ@ri‘,% Blc(?\%’t‘% ér S‘)#Eu%ﬁ?i &30 99 9
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24 Al dehydegghahifid sz Mal £idi@ doldutSHBHY ifd@hs p aromatic carboxylic

30 acids or mixtures which contain aromatic carboxylic acids are
preferably used. Furthermore, fatty acids and their derivatives,
including dimeric and/or trimeric fatty acids, are concomitantly
used individually or as a mixture. Polyester alcohols based on
long-chain carboxylic acids, in particular fatty acids, can

35 preferably be used for the preparation of alkyd resins, which may
be further processed to give finishes.

r =

The alcohols of the formula (I) can be used as a mixture with
further polyhydric alcohols, preferably diols, of 2 to 12,

40 preferably 2 to 6, carbon atoms. Examples of di- and polyhydric
alcohols, in particular diols, are: ethanediol, diethylene
glycol, 1,2- and 1,3-propanediol, dipropylene glycol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,10-decanediol,
glycerol and trimethylolpropane. Ethanediol, diethylene glycol,

45 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol or mixtures of at
least two of said diols, in particular mixtures of
1,4-butanediol, 1,5-pentanediol and 1,6-hexanediol, are



0.01 - 0.399PHoxEBGRP 0.01 - 0. 1% by wei ght 0.001 -0.5% by wei ght The crude
(meth)acrylic acid used is as a rule stabilized wth 200 - 600 ppm of

- phenot hi azi ne or other .stabilizers in amobunts which permt conparable
stabilization. 10 Here, crude (neth)acgglic acid is understood as neaning

the (et h) agp vl qssant@a eaqe %ggl% Whislhde ﬂ%a;tgséo 4%

absor pt I on e action acl ol el n

opan ene
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pure (netls) agryéduirad, dmbﬁdfﬂl@:tlbﬁélea(.ﬁmﬂo&s bhe/ d10da@pbrgl uirddiys 28n
(Meth) acryl 5@25@%&' u%%@t h& @%ﬂtﬁ&ewm& %R bd1 PE@Edhlong 1261 Ebre1 sVEhE"

1050 pom bierBr LG RS al VAR G 28 on%%l % Bniegn SO -

1 000 ppm by m
000 ppm by l°n360° l\ﬁ/e?ﬁﬁil f‘re §86°‘b‘i)rrﬁ g‘?ﬁlc% f?ﬁo ppm

by wei ght 3exmnnlq)m1@1(:nét= & ylicénakeir @sdd- |§x§i%P1e§5r gf emenemsitiiczed with
100 - 30Qoppidtekioly direqul hoet innadoehdls oft Netool5 ptdreifesablyde tot abi | i zers

in anounts wWaison REYINst, €oPFNAaMP1e BERdNJ1 ,ZakieRol Puichafbl Poepiddahbed
(meth)acryli c acid i s general ly understood as 35 rreani ng (meth)acrylic acid

whose purit ast 99. 5% t and substanti al_| f ee of
the al dehyd ?)f a PHok g@&ﬁ%’ﬁ%n?ﬂ %ﬁdpﬁ? %r?&ﬂl gacorrponen g LThe
aqueous pha®€ BPt tRFrecshaBNSR é’Yof"’ef'ﬂ’étesqae‘?PFlf PRatheved@hEedttthen, whi ch
phase geridr @blyesian ailgoh0ll in rarthouiwd dgift tb?Y(m%)aaéFlyFttOfBPchl&y i's
separ at ed okkeatéer dimmhal, gethceAdrartrafs® usidesithleld matdssadniing aadi, d

contai ned t RgEgtatcad therewi fCAGhWiScaditgXbEaghé Nb1geentr Meshenably any
sol vent used i.p.the esterification, for exanple with cycl ohexane, at from

10 45 to 40C and a ratio of aqueous phase to extracting agent of 1 . 5 -
30, preferably 1 . 10 - 20, and can be_recycled into the esterification.
0050/ 530RP Forrbhe fmﬁts%mﬁthhﬁgp?h%e%re&ﬂ&?%%n the, orgaRicyLs -
preferabl y aiiphygen-andnpaeferaplyasropatid.caabpyypiefasidsl 9n@umlxmuras

m xture of &@iff agodatlid hagdeal {phdt itapbhgefrboxylaxyaeids aniéat ) deaaivaheveassed
into the cingulabkohg tpla&%g&&r 2¥Bhol Y& driedet 5GP &l kere, for exarrpl e
oo o PoaPedndertadlbh! B AN aBsfnze b o BAELLVAL Ur Ve iﬁ?éﬂbai Y ifl

0.7, nB/nBh f th
esterificittf BEFSHESS |F5Y%ﬁlf6§aﬁﬁﬁ?t%aﬁaﬁds¥6 t?\’épeéir’ﬁ?ﬂ o™ i Z(ra ° ©

di schar ged &%PepPherfe COEPFraasRd |Wetrﬁe9€ﬁ%~'i'h)ea@r'ym-*ér%ﬂﬂ“d E€8RR¥Mtration in
t he react or monoxide, helium, argon, etc., in the melt at from 150 to 250°C,

preferably from 180 to 220°C, under atmospheric or reduced
pressure, to the desired acid number, which is advantageously

30 less than 10, preferably less than 2. For the preparation of the
polyesterpolyols, the organic polycarboxylic acids and/or
derivatives thereof and polyhydric alcohols are advantageously
subjected to polycondensation in a molar ratio of 1:1 to 1.8,
preferably 1:1.05 to 1.2.

35
Catalysts used may be acidic catalysts, such as toluenesulfonic
acids, preferably organometallic compounds, in particular those
based on titanium or tin, such as titanium tetrabutylate or
tin(II) octanoate.

40
It is also possible first to react the polyhydric alcohol with
alkylene oxides to give a polyether alcohol and to esterify this
with carboxylic acids. It is likewise possible to add an
alkoxylation catalyst to the prepared polyester alcohol to

45 subject alkylene oxide to an addition reaction. The
polyetheresterols thus obtained have good compatibility with



The reacti 000850458039t opped, for exanple, as soon as 90% preferably at

| east 95% particularly preferably at |east 98% of 15 the theoretically

- expected anount of water has been discharged by the solvent. After the end
of the esterification, the reactor m xj¢ire can be cooled in a conventional

manner to a e 20 nd n i t he
desired est ggfggﬁﬂ%t LLS agéhiyﬂ@féérbi’go%}xdg%g Egﬁ%%&q%nggd%%% f%%l \Q/fé?]t
whi ch may bETERRFILAD 3 ?i AP%used for azeotropic renoval of water
or a different solvent. 25 If required, the reaction m xture may be
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pref er abl y Pﬁoﬁ?%ﬁ“‘i‘b agire  T0% sLeS8n Bé“efrq(bclpéﬂ Bf/a%gdgllleﬁﬁntﬁ?n t‘%@ ppm

decol ori zi ndpyayehght.n powder or granular formto the reaction mxture and
subsequertto 35 filtration or by passing.the reaction m xture over a bed of

the decol or ieRds@aed pollyhP@ridlalicehodnys dReldr 88cosdlin@Rbeti®| divegsiodhe
decol or i zat 1;Qn g7 o115 4 f%@sk;@@ a&tegﬁe £3pbtencbieriad sl caplesiesinad point
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and/ or a Yelavahgzathighezndputrent sfbbegud nformadhehydefiar Zbkysame 45 | east
one neutr al iesakropicdionapkbcedsr |y preferably 0050/ 53039 26
neutralization and subsequent wash. If required, neutralization and prewash

can al so be qat Eig ﬂgg&%n' QE&P& %%@p?e% (&&fc@)seggyﬁﬂ&ma%d a2pH Qin

cat al yst pre e at Qus phase
oJrn

of the wash %I@f(iﬁlfo 83{:?%% Ard e g?r‘é%l oTWth a
sol vent a#f té‘&neb‘ée¥3eﬁ}§é‘(§l°ForfctIh€xﬁF“€ sthasie SgpsEgRrshatwWABR, OFtREY @3¢t i on
m xture i s thosepedéeseribedainaBBrAapPPr 4L ud3 v tDE-A 3Bsh3 184¢ui d, for exanple
water or a De-a308 43 efsar,abkya5199 20, opay tDEAN avby29rzgesrably 5 - 15,

strength by paeinght; segli UmpChE T éghe orPatagsidrmaghl ori de, amoni um chl ori de,
sodi um sul fate or anmmoni um sul fate solution, preferably water or sodium

ol o190 S 2R, Jp, e Lokio. AL LRSI MG, CETh HUBHIG 'S 207

- 0.7. 20 The wash or neutralization can be carried out, for exanple, in a

stirred contmienesterifivatiiber apparedusi onasisppafabusesyredoreegbdmpl e in a

col um or nMipeR¥resably &5f appahatss halihgext ¢ padulaniandevasitapbocassem and
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The reactor may be, for example, a reactor having double-jacket
heating and/or internal heating coils. Preferably, a reactor
having an external heat exchanger and natural or forced

35 circulation, i.e. with the use of a pump, particularly preferably
natural circulation, in which circulation is effected without
mechanical aids, is used.

Of course, the reaction can also be carried out in a plurality of
40 reaction zones, for example a reactor cascade comprising two to
four, preferably two or three, reactors.

Suitable circulation evaporators are known to a person skilled in
the art and are described, for example, in R. Billet,
45 verdampfertechnik, HTB-Verlag, Bibliographisches Institut



for exanpl ec0050£83089ch are described in Ul mann's Encycl opedi a of

I ndustrial Chemstry, 6th ed, 1999 El ectronic Rel ease, chapter entitled:
-Liquid- Liquid Extraction - Apparatus. For exanple, these nmay be one-stage
or nultistage, preferably one-stage, ajbextracti ons and those by the

cocar r ent g r?xﬁ%ﬁ}tﬁner‘i%ée% PERGREYCS o Sﬁf‘?«% o Qg §8i’§é e%ﬁ:'éent

pr ocedure. unns acklngs,
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preferably afecouwdsen sephbraslaltys of phedterexichyngepparaysallse, borpreseher &bl y
copper are@ (geneyvullamisy) used as inhibitors. 40 Subsequent washing may be
advant ageous for renoving traces of base or salt fromthe neut raI i zed

reaction mx eutrallzatlo the .rea xLure; have
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25, preferabbyap guazd, opait imay el § reqdgzicesdd9 crlugnef §¢h¢ﬁ§195001§’5n % by
strengt h 1oy ineegidlsaqueoins malndtipta all adnyeetidmal exapphalan fairkal i net al
or al kal i neegafbie Mh9k, Oé(téiﬂqedhbgéﬁiﬁcﬁﬁ,an@abbocﬂlﬂﬁg%d)babkﬁﬁji)omﬁg the
preferably g gg,éslghm%&QXL £y:5.0lsbb@Ner A A3 DX x'rﬂsr Aaldilag, sodi um
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o coronat e, QSO T oL R e el ce

wei ght of s&BPEf HRSAEHRI a8 s A ehiSRddde, © LemastisuRT cRT B9 &T6r
amoni umlSupbfeferresls have been added, particularly preferably with sodium
hydr oxi de sol ution or sodium 10 hydroxi de/ sodi um chl ori de solution. The

addi tion of akhg hase irsoftl§ 6l 08 itRedrdBMAr pSHEds thiat shheiéasmarature in
t he apparatus does not exceed 35C and is pr eFer abl y from20 to 35C and t he

pHis 10 - 14. The heat of .1 neutral zation i r.enov
cool i ng t he TPBNERIRISER; #Rd ¢ BaB? Bl é’teﬁﬁch%oef i %C% ?%tlborn
doubl e-j 2€esEdi i ng. The ratio of reaction mixture to neutrali 2| ng liquid

is as arule 20 1: 0.1 - 1, preferably 1 . 0.2 - 0.8, particularly

preferably J(Metﬂ)a’p’cryl&c7acI@earﬁb@\beyﬁyd&mbsmle aephisedpl £ w trhileegard
to the appangl dguivalent amé@Ae@ntbag-édC&mtaienﬁsldwx;tlh%rbﬁastbprum xture, it
can be Substanghaﬂi% eRved DXALSLLLLAL N 20df ols ShELPpLOg. Any sol vent

resent is feaction mxture.a shin
gnd/ or né® PéiPF"i%’t‘?'?%"rlFf a’a‘é‘é‘?tr &F, RoFESRRS ofhil @eﬁré)rf‘célyéécb%c ‘¥Vaect eg

before the wash or neutralization. 30 For this purpose, an anount of

st or age st alzhei metar pragfier abl hehynambgui o rieydrorphestnrpsetinerhe such t hat,
after renovablghydiie: 20kvrel ,td QthethpQEryircefaeiabliy 20@Geneb80, particul arly
preferably 30Q p_ 4003 p %k@ﬂﬁ@‘ 12Le1 coNt ai pedphPrihf 495 pecasAy 35
(resi due);£an be &sgdegl peaq:%&'ceﬁ?{&e,ﬁpwg%eflbfy e0Yahs of {1 Mk

anount of soI vent §¥|on Is e or ‘exanp in a stifred
kettle havi rPQrﬂbﬁ‘b} jlackét eatli'lg and/ or internal heat| ng coi l's under
reduced pressure, for

Suitable esterification catalysts are the conventional mineral

acids and sulfonic acids, preferably sulfuric acid, phosphoric

35 acid, alkanesulfonic acids (e.g. methanesulfonic acid,
trifluoromethanesulfonic acid) and/or arylsulfonic acids (e.q.
benzene-, p-toluene- or dodecylbenzenesulfonic acid) or mixtures
thereof, but acidic ion exchangers are also possible.

40 Sulfuric acid, methanesulfonic acid and p-toluenesulfonic acid or
mixtures thereof are particularly preferred.

They are used, as a rule, in an amount of 0.1 — 5, preferably
0.5 - 5, particularly preferably 1 - 4, very particularly

45 preferably 2 - 4, % by weight, based on the esterification
mixture. '



40 exanpl e @05@0530390, preferably 30 - 500, particularly preferably 50 -
150, nbar and 40 - 80C. The distillation can of course also be carried out
ina falling-filmor thin-filmevaporator. For this purpose, the 45
reaction mxture is preferably circul gtjed several ti mes through the
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parti cul arlé P‘E cql ym@ﬁé eq{haﬁ‘ 1e)s —e@hﬁ %;%nryltrggf I_EB aving a
| ow oxygen 3 ‘% r% [ ar Wi C llglé_eLng Ce tofrom
50 to 10 pagn 1 (hy roqulnone monomet vl e her , mono-

di- tert-butyl 4-methoxyphenol tocopherols, e.g. a-tocopherol,

and 2,3-dihydro-2,2-dimethyl-7-hydroxybenzofuran (2,2-dimethyl-

7-hydroxycoumaran), phosphorus compounds, e.g. triphenyl

phosphite, hypophosphorous acid or alkyl esters of phosphorous

30 acid, copper or manganese, cerium, nickel, chromium or copper
salts, for example the chlorides, sulfates, salicylates,
tosylates, acrylates or acetates thereof, 4-hydroxy-
2,2,6,6-tetramethylpiperidin-N-oxyl, 4-oxo0-2,2,6,6-tetramethyl-
piperidin~-N-oxyl, 4-acetoxy-2,2,6,6~tetramethylpiperidin-N-oxyl,

35 2,2,6,6-tetramethyl-piperidin-N-oxyl, 4,4',4’'-tris-
(2,2,6,6~-tetramethylpiperidin-N-oxyl) phosphite or
3-0x0-2,2,5,5~tetramethylpyrrolidin-N-oxyl, N,N-diphenylamine,
N-nitrosodiphenylamine, N,N’-dialkyl-para-phenylenediamines and
mixtures thereof.

40
The esterification is preferably carried out in the presence of
at least one polymerization inhibitor. At least one compound from
the group consisting of phenothiazine, hydroquinone, hydroquinone
monomethyl ether, 2-tert-butyl-4-methylphencl, 6-tert-butyl-

45 2,4~dimethylphenol, 2,6-di-tert-butyl-4-methylphenol,
2-tert-butylphenol, 4-tert-butylphenol, 2,4-di-tert-butylphenol,
2-methyl-4-tert-butylphenol, 4-tert-butyl-2,6-dimethylphencl,



The amount @05@/%53@3Png gas is, for exanple, 5 - 20, particularly
preferably 10 - 20, very particularly preferably 10 - 15, nB/nBh, based on
~the volume of the reaction mxture. 5 |If necessary, the ester can be
subjected to a filtration at any stagezf the working-up process

preferabl y aligh, ?ngé MR ALbEAL) WY A1, V@Héoffd@ ai
Wy

out, in ord ace

agent preseﬁ?l W& ﬁelfn%%)l&gbﬁf e%redflerﬁ i}h%/sber c?sa? B

(met h) acryl pliditor ¢BEEFYHERI-e by the novel process, are clear and
substantially colorless (color nunber, for exanple in the case of
trimet hyl sl poopRIEhkE sEppdratiag 8Re asﬁaﬂlelzaﬁMAI%JﬂAoﬁggémamnd&niﬁgt 0
Hazen) and baye ﬂRE@rQQYWEﬂQ%QUﬁ ﬁekt%enu@bshs,axﬁa ln@‘ﬂ@&gé’ﬁ s(faq%l hxviw the

case of tripethylo an, triacy ruIe 160 nPa.s or |ess)
generally a° Ijtoc\’/\%r g goq‘fentat’llgﬁyt aﬁ)mfs poryhydrl ¢ al cohol s havi ng a

hi gher content of bound f or mal dehyde were used in the sane process. 20 The
present i nvBRis AXYOERtBRRERINENgePas ks tRyeferahiy innreFedt 1Rk \ihiec Rottom
subst ant i@l rggizontofi Bscoélumetamdl/ of pimyrarre ctircatatdcnt evapdratorolndi/oabl e by

the novel ppesSsss th2bufRrtidireapuiPostixtarel 8adlorl Gvepr eheratterat | east
20, particularly preferably at least 30, ~ by weight, based on the sum of

trimet hyl ol opaeand C Ilca of .the Iven t.lea part of
t he polyrrer'lg{%at ﬁ'menr’izgt{é/ g{ g;;%‘“‘alrxe:uf:é? Paﬁ%nﬂ{n SCOFS%Ict or
havi ng a ci P’B‘EH’H’( i%§n - Pt et ér'a ht-Qear 9:1§'Ctﬂa£f:f‘8’1’1 a¥d are heat ed
and tri néﬁhplf@fema@déln@ MhicH ﬁas%ab!}ml@rhttrobamm tbene$m¢deata@n

defi ned abomextwdfe. ess than 500, preferably | ess than 400, ppm by wei ght

and acrylic acid in aratioof 1. 3.3 - 4.5, preferably 1. 3.6 - 4.

part ' cul ar! ¥ndelighadh Yadion eln%méoé (it %eéa%ﬂ defNusbde Af die p‘ée,

Zln
ion 9

cat al yst reguire ha g uene sul aci
bei ng added B O PP Rettr 9‘]610& 85a% %r’?&’ acr I|1|1Cn &cif aﬁ?’e“%é‘taéﬁéaa * The
reacti on2PeRp%Utture i s brought to not more than 120C, 40 preferably not
nore than 110C, particularly preferably not nore than 100C, and the

dur ati on of Théewateacbif oneast lods £othed A0 ther eéadtaidny chaske tdiatil3ed
particul arl yepy eftei@bhy po&sSsidiearo ﬁéﬁﬁmr £hié5proddda06p3Sths3The

reaction m é%i'&é:-‘né Wh FLBﬁ”fo rhs a%qgké leyazpets v{}%%t Latized and, if

required, sequently was ed an o vent I's then renmoved by

di stillaton and strlgplng to a content of less than 0.5, preferably |ess
than 0.3, ~SBitaliegRelventhEareagerbrricEareveh Rt ¢hearAtRr &Hd cont ai ni ng
substanti al ryacttmmt h¥l depimgshnerer im@adtdcelhnsakimeltde, neydlaraldphasic APHA

or |ess, preaherafnatioOhpditharbohessr miardures! elidéneda.ef erably 80 APHA or
| ess, and a viscosity (according to DIN 51562 at 25C) of 10 less than 160,

pref er ably |Lesg, dhan hiflex 0! Cﬂlageéyeprc@fc%ﬁm g HfhexdRa, s. The

reaction mxture m

; fxg Sr ﬁc e m)noacryl ate,
tri met hyl ol BPOPEIE 8?9%‘% ¥ Fi“ﬁe%%ﬂ 6l SFSE he! d %é%% &r's of
trimet hyl ol PEBREHRYCARCKARS ANY, tol BeNe Ahe PARECEHARIG) né’ﬁFgeFlF?daddl tion to
trimethyl ol propane triacrylate. O course, the polyhydric al cohols

ment i oned i phéhestelddiorbiomnd papfarablg daessed haut 500 thpnprdseneendt a

f or mal delygdgolsgx have 20 advant ages when used in the esterification with
acids other than (meth)acrylic acid, for exanple in the esterification with
organic cangxyllc ac

[ referably the esterifi Ion chai n,
Shturat ed ofhE e PEBP YT SBPEL A pafbD PRt Ber Al a{’g v
a, ~- unsat ur ReEHieErasdyy Preferdtdy, 38uchl %051 25 Q’rﬁé?m%r PF%da‘b‘?d: ecEBMoni c
aci d, mal ef of abé¢ehadr ahdmmétth)acirgtlic acid.
40
The reaction temperature of the esterification is in general 40 -
160°C, preferably 60 - 140°C, particularly preferably 80 - 120°C.
The temperature may remain constant or increase in the course of
the reaction; it is preferably increased in the course of the
45 reaction. In this case, the final temperature of the
esterification is 5 - 30°C higher than the initial temperature.
The temperature of the esterification can be determined and



Unl ess st at@ds50f5303®se, ppm and percentage data used in this docunent are
based on weight. 30 APHA col or nunbers were determ ned according to DI N-1SO
©6271. Unless stated otherw se, viscosities were determ ned according to DIN
51562 at 25C. 35 Exanpl es The columm RS (from J&W Scientific) having a

| ength of 30 i anmet er .of 2 and 1 .ing.thi used
for the gasr%".r':ﬂrlo“’le}n%?'(tgl O%Yav?ﬁ%n(?e'?’ 8§m°‘ na‘{%n(%ncg?%&%%éﬁ{’ ef stl%‘q}%%gﬁggﬁo

f or mal dehy dB 84S d 2P nde$7 5 0egp P Bt 1201 99Ddt e ?ecﬁ?q/\égeeﬁa?lé?ﬁned using a
flame ioni zZAPpbiratdoacybbh thegappéiqatipn7 pombenflOfebg| L85 eti d, 1 907 g of
trimet hyl ol propane (content of bound fornal dehyde, based on IVa, IVb (n =
1), 1Vb (B F£2) s¥ldehVCishayeds, Rit=c&i M4 daBdiReed JrediE oy Nt Heac®83n pp) |
°0.9 g of  noPAlle30d% 4 AMHAIYRHARI 8L 80N 11N ehE ORRING 1. 1 g of
par a- net hoxyphenol and 1.5 g of hypophosphorous acid), 18.3 g of 40~
strength aqueous, CuCl. 2 solutiagn, 25.6 g of 96~ strength sulfuri,c acid and 2
514 g of cy&n®HEedidlake £ahialther b¢ JEBOVEA 8 n afFeF FERISFRLHARDY ngPan

ext ernal naberfed dintoubaphase seapoabiay apgesatis atThenagweesm phasadee®r and
phase separabtdinehésnas ui atulel Histhirged evdptiatargande phdsdeabuhd| gedieat

exchanger hgatgedein TResstd deat1isans @hiel hnd/Wie padbed bl 1heahto
exchanger ngg'lg a%g:i%;}] E%@ [/88Sre #1226 N 1 HOE N3 n2e b EH AR @1, {00 MM 10

and a di ane ] e forward-Tlow tenperature, of e at__transfer
o1 was 150BSBGHIHRe 18] FIS GRRTRR: FHeTnaPUann st Tl "HEAUDT yPH A CAGTY | on,
air was pas3eEbemtl®0t Ré hAtuh-al circul ation evaporator, the amount of air
being 4018/ h. After the water initially taken with the starting nateri al
had evapor aWrén uded he aspPuni, eheabrgavbix phdeeechrt,0 ad30ddstr ibedi 2nd41 g of
acrylic aci ggvas; gihsequgntdey vzREeESH cot@cdMPag ey tampe¥@suridhan treuced
to 2 1/h. ngtgf’fﬂi%@?igﬁe reflux was netered to the distillation colum and
regul ated by neans of "the internal tenperature of the reactor. The mi ni num
reflux was 1 600 g/ h. The reaction 20 tenperature was increased to 95C in
the cour $@ &f ue Hargresonhginad An Bhe Si9aCtdaR| BHtYLRe 16 N%Y FSRONGHE%2 t he
experi nment wasazertriopatédrmidid cgdvert, it35sgpo$sHeieedos rehede ite by

di scharged asdifpidP widthf afrindeteghe] pwiferabllqi aedxybba-aonienndinghgse,

di scharged gont aldied 13- Efe £dr AARY bl €1 8CH 10 or THEr CHANI LB 86w 2ok yeRAt ai ned

6. 0~ of acrglolnge cid. "Thereafter, 1 620 g of cycl ohexane were added to the
crude ester "an 'e m xture was washed three tines as follows: 30 1. 1 100
g of 7~ sZFrength sodi um chloride solution 2. 1 550 g of 13~ strength sodium
hydr oxi de s&hate¢sterificagion Fagf begcastiachguk abRHRASPRESEFde sol ution

Ther eaf t er, sGpé@ratmefspparie net hedpphd nptessageaddédis @relfenainefIechad t aken
of f at 60C/ 1@ sbdspMediti ptésduren was effected (Seitz filter K3). The end
product had a density of 1.1041 g/cnB (23C) and a dynam c viscosity of 85

mPa. ' I . at. 23C ' 1 le 1
repeat oo ool S e d rald SRR, S AT e e, based
on |Va, | VbPE‘ﬁtJ;C@/L a}rlgl\/s ff-,et_ab%y 4dnge 12, hours.

According to the invention, the sequence of addition of the
individual reaction components is not important. All components

35 may be initially taken as a mixture and then heated or one or
more components may be omitted or only partly initially taken and
added only after the heating.

The (meth)acrylic acid which can be used is not limited and, in
40 the case of crude (meth)acrylic acid, may contain, for example,
the following components:

(Meth)acrylic acid 90 — 99.9% by weight
Acetic acid 0.05 — 3% by weight
45 Propionic acid 0.01 — 1% by weight
Diacrylic acid 0.01 — 5% by weight

Water 0.05 — 5% by weight



45 1 Vc wher @0BR0/53088yl and RZ = hydroxynethyl, of 1 400 ppm was used.
0050/ 53039 32 Altogether, 782 g of aqueous phase were di scharged and 5 158
- g of crude ester were obtained. The aqueous phase di scharged contai ned 6. 7%
of acrylic acid. The crude ester contagged 4. 0% of acryl ic acid. 5 The end
product had a density é:‘%153 g/ cnB (230 a61 c Vi %q__om ty of 246
nPa.s according to DI g@ Sat 23C. 10 15 { 0050/ 53039 .
W claim 33 1. A prot® TSt he preparatl teth Wes of 5

pol yhydri c al cohol s bYfateic@cdg (neth)acryl Pc %1JC| i éﬁd Jr%’rtrespondl ng
pol yhydri c al cohol i n(aheyqricieence of at | east one aci di c catal yst and, if
required, sat | east one polynerization inhibitor and in the presence or
absence of Qhéoéi'/d%@ ém%ﬁ‘f@é' 1ikeapod Wned iis akcohalleusedbLDided Rsthess 10

than 500 pphyy Eﬂlof)frgé] ﬂ?az aj%rp()@ﬁgfss\ﬂa% fcllélef@dlﬂ rAIrE)luﬂi:g‘ 1,

wherein the R rB/er comparable s@gb ormila ' 15

mi lzatlon.

10 Here, crude (meth)acrylic acid is understood as meaning the
(meth)acrylic acid-containing mixture which is obtained after
absorption of the reaction gases of the propane/propene/acrolein
or isobutane/isobutene/methacrolein oxidation in an absorbent and
subsequent removal of the absorbent, or which is obtained by

15 fractional condensation of the reaction gases.

It is of course also possible to use pure (meth)acrylic acid
having, for example, the following purity:

20
(Meth)acrylic acid 99.7 — 99.99% by weight
Acetic acid 50 — 1 000 ppm by weight
Propionic acid 10 — 500 ppm by weight
Diacrylic acid 10 — 500 ppm by weight

25 Water 50 — 1 000 ppm by weight
Aldehydes 1l — 500 ppm by weight
Inhibitors 1 — 300 ppm by weight

Maleic acid (anhydride) 1l — 200 ppm by weight

The pure (meth)acrylic acid used is as a rule stabilized with
100 — 300 ppm of hydroquinone monomethyl ether or other storage
stabilizers in amounts which permit comparable stabilization.

30

Pure or prepurified (meth)acrylic acid is generally understood as
meaning (meth)acrylic acid whose purity is at least 99.5% by
weight and which is substantially free of the aldehydic, other
carbonyl-containing and high-boiling components.

35

The aqueous phase of the condensate of the esterification
reaction, which phase generally contains 0.1 - 10% by weight of
(meth)acrylic acid, is separated off and discharged.
Advantageously, the (meth)acrylic acid contained therein can be
extracted with an extracting agent, preferably any solvent used
in the esterification, for example with cyclohexane, at from 10
to 40°C and a ratio of aqueous phase to extracting agent of

1 :5 - 30, preferably 1 : 10 — 20, and can be recycled into the
esterification.

40

45



(1) OH OH 2008058082 and R2, independently of one another, are hydrogen,
Cl-d o-al kyl, Cl1-d o-hYdroxyal kyl, carboxyl or Cl-C4-al koxycarbonyl. 3. A
" process as clained in claim1, wherein the alcohol is an 25 al koxyl at ed

al cohol which is obtainable by reacti ngga pol yhydric al cohol containing

| ess than 5 p h ' t n I | de.
4. A pr ocesgggsﬂgg{enlggupgoé%d%% qgl égfn%ﬂ tt!tl °ﬁ3 Ar\?\{]aiz{rergns?gé%?%gla%tdri c
ai cohol 15 BPi HEIIRHCORIPARERS (A8 ePRYT BT B E R S IR O b1 F fane,
neopent yl gl Fe3Fure &t adryerd iRigirogenei #iy hpVing, 3 pkate @¥gpen content) can

2- et hyl - 1, Beppagsatedingb, the Fimcydahion olthrdugbt owy | wiepr speoreactdond, net hyl
di met hyl olspmépterst €oreehyhpIe Nt Aybohts e onat e, 1 3prdiferbbyy  Lutyois,
acid, nethyhadif@iini9! Byt ¥éHm y0o .8t hyd. di meyiot,obREby " &t eche5voﬁu9§]q>¢fess

as clainmed i f. Cl al to 4, wherein the polyhydric al cohol has been
obt ai ned bytgggg%(?cﬂ:gm%nﬁ%{{g‘éﬁ?de 40 of the formula (I1), 45 RL Rz (11) CHO

0050/ 53039 34 where R1 and RZ have the neanings stated in claim2, wth

f or mal dehyd&hgnecutfen ofohberesterifheatdofevpate bgroempitioned By yeirideylingr oup
by cat al it ¢hbyainagenatfi sate> dischapged eagi/as thaideteaseahy e t he

precedi ng cliakk)adhaiel BeidfddcentsaPi@Pamitthenreddt® ol yhydric al cohol is
purified by distillation, then subjected to a heat treatnent and then

purified again. 10 .7. A es l apmed. in claim6, whereinh the heat
treatment i ghga]r:rallcet ogufgé?g rsoscﬁ%iﬁé’t%g%wpgg’ L5885 aés&c’l ainmed in
any of the Pretetitly @talfdst ivdrePATtiThiaTdYeBTRIS ANt PEnledtte 981 apt
rati o of ¥hahaukkroredficailyerrecredgameipit iof wAtepdiashpeencdisadwirgedt by
(meth)acryl tbeasovearg.1 . 1.0 - 2.0. 9. A process as clainmed in any of the
precedi ng clains, wherein the acidic catalyst used in the esterification is

sul furi ¢ 20,3658 fPIAANEE U IO Ut ed G EANUOT LRe! AARRESHILOME Gl goOr 2
m xture thereof, .10. Rrogess aitc ainmed 1n nﬁ of the Brege I ng % ai s,
wher ei n t he SB8L§Hett AafPBRCT it BRVRSE olnae?e R Fp P sBEO% 19250 east
one conpdthdff otd KeegrenfeidiRdion ol Wre grenbeHiestiefeCanyRr RFouaBReto
hydr oqui non@Onmen®ifet Hyfl regnéred byt eddinutsdlventevhidipmayobe the same as
6-tert-butylan?, delireartt hypkphtmolazedtbopic trmnovalt §f -watet by phediciferent
2-tert-butylsghesgt. 4-tert-butyl phenol, 2,4-di-tert-butyl phenol, 30

2-nmet hyl -4-tert-butyl phenol, 4-tert.-butyl-2,6-di net hyl phenol ,

hypophosphor.qQus acid,. c er acetate, copper chloride an opper
sal i cyl at®. I%l?“e%fere{?sfeggg ] BHKE‘”%DWO © RS Fﬁ_gg?e s than 500
ppm 35 of b&8RELPHIFAHIPBMY fer NP LePY fReRtMERt Wi AFta¥ecarkpn or

metal oxides, e.g. alumina, silica, magnesium oxide, zirconium
oxide, boron oxide or a mixture thereof, in amounts of, for
example, 0.1 - 50, preferably 0.5 - 25, particularly preferably

301 - 10, % by weight at, for example, from 10 to 100°C, preferably
from 20 to 80°C, particularly preferably from 30 to 60°C.

This can be effected by addition of the decolorizing agent in

powder or granular form to the reaction mixture and subsequent
35 filtration or by passing the reaction mixture over a bed of the

decolorizing agent in the form of any desired, suitable moldings.

The decolorization of the reaction mixture can be effected at any
desired point in the working-up process, for example at the stage

40 of the crude reaction mixture or after any prewash,
neutralization, wash or solvent removal.

The reaction mixture can furthermore be subjected to a prewash
and/or a neutralization and/or a subsequent wash, preferably at
45 least one neutralization and particularly preferably
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cooling.

The ratio of reaction mixture to neutralizing liquid is as a rule
20 1: 0.1 - 1, preferably 1 : 0.2 — 0.8, particularly preferably
1:0.3-0.7.

The above statements are applicable with regard to the apparatus.

25 If a solvent is contained in the reaction mixture, it can be
substantially removed by distillation and/or stripping. Any
solvent present is preferably removed from the reaction mixture
after washing and/or neutralization; if desired, however, this
can also be effected before the wash or neutralization.

30
For this purpose, an amount of storage stabilizer, preferably
hydroquinone monomethyl ether, such that, after removal of the
solvent, 100 - 500, preferably 200 - 500, particularly preferably
200 - 400, ppm thereof are contained in the desired ester

35 (residue) can be added to the reaction mixture.

The removal of the main amount of solvent by distillation is
effected, for example, in a stirred kettle having double-jacket
heating and/or internal heating coils under reduced pressure, for

40 example at 20 - 700, preferably 30 - 500, particularly preferably
50 - 150, mbar and 40 - 80°C.

The distillation can of course also be carried out in a
falling~-film or thin-film evaporator. For this purpose, the

45 reaction mixture is preferably circulated several times through
the apparatus, under reduced pressure, for example at 20 - 700,
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particularly preferably 1 - 3, % by weight.
15 The solvent separated off is condensed and preferably reused.

If required, stripping by means of a solvent can be carried out
in addition to or instead of the distillation.

20 For this purpose, the desired ester, which still contains small
amounts of solvent, is heated to 50 - 80°C and the remaining
amounts of solvent are removed using a suitable gas in a suitable
apparatus.

25 Suitable apparatuses are, for example, columns of a design known
per se which have the conventional internals, for example trays,
dumped packings or stacked packings, preferably dumped packings.
In principle, all conventional internals are suitable as column
internals, for example trays, stacked packings and/or dumped

30 packings. Among the trays, bubble trays, sieve trays, valve
trays, Thormann trays, and/or dual-flow trays are preferred;
among the dumped packings, those comprising rings, coils, saddle
elements, Raschig, Intos or Pall rings, barrel or Intalox
saddles, Top-Pak, etc. or braids are preferred.

35
A falling-film, thin-film or wiped-film evaporator, for example a
Luwa, Rotafilm or Sambay evaporator, which may be equipped, for
example, with a demister as a spray guard, is also possible here.

40 Suitable gases are gases which are inert under the stripping
conditions, preferably oxygen-containing gases, particularly
preferably air or mixtures of air and nitrogen (air having a low
oxygen content), in particular those which have been preheated to
from 50 to 100°C.

45
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15 to Hazen) and have more advantageous color numbers, a lower
viscosity (in the case of trimethylolpropane triacrylate, as a
rule 160 mPa.s or less) and generally a lower polymer fraction
than if polyhydric alcohols having a higher content of bound
formaldehyde were used in the same process.

20
The present invention furthermore relates to a reaction mixture
which substantially contains trimethylolpropane triacrylate and
is obtainable by the novel process.

25 For this purpose, at least 10, preferably at least 20,
particularly preferably at least 30, % by weight, based on the
sum of trimethylolpropane and acrylic acid, of the solvent and at
least a part of the polymerization inhibitor (mixture) are
initially taken in a reactor having a circulation, preferably a

30 natural circulation, and are heated and trimethylolpropane which
has a content of bound formaldehyde, as defined above, of less
than 500, preferably less than 400, ppm by weight and acrylic
acid in a ratio of 1 : 3.3 — 4.5, preferably 1 : 3.6 — 4.5,
particularly preferably 1 : 3.9 — 4.5, are metered in, the acidic

35 catalyst required for the reaction, preferably para-toluene
sulfonic acid, being added before trimethylolpropane and acrylic
acid are metered in.

The reaction temperature is brought to not more than 120°C,

40 preferably not more than 110°C, particularly preferably not more
than 100°C, and the duration of the reaction is less than 20,
preferably less than 15, particularly preferably less than 10,
hours.

45
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less, preferably 100 APHA or less, particularly preferably 80

APHA or less, and a viscosity (according to DIN 51562 at 25°C) of

10 less than 160, preferably less than 140, particularly preferably
less than 120, mPa.s.

The reaction mixture may contain, for example, trimethylolpropane

monoacrylate, trimethylolpropane diacrylate, trimethylolpropane
15 and oxyesters of trimethylolpropane and the acrylates as further

components in addition to trimethylolpropane triacrylate.

0f course, the polyhydric alcohols mentioned in this document and
containing less than 500 ppm of bound formaldehyde also have

20 advantages when used in the esterification with acids other than
(meth)acrylic acid, for example in the esterification with
organic carboxylic acids, preferably in the esterification with
long-chain, saturated or unsaturated fatty acids and particularly
preferably a,p-unsaturated carboxylic acids, such as

25 (meth)acrylic acid, crotonic acid, maleic acid or fumaric acid.

Unless stated otherwise, ppm and percentage data used in this
document are based on weight.

30 APHA color numbers were determined according to DIN-ISO 6271.

Unless stated otherwise, viscosities were determined according to
DIN 51562 at 25°C.

35 Examples

The column DB5 (from J&W Scientific) having a length of 30 m, a
diameter of 0.32 mm and 1 pm coating thickness was used for the
gas chromatographic determination of the contents of bound

40 formaldehyde stated in this application. Detection was effected
using a flame ionization detector.

Example 1

45 729 g of acrylic acid, 1 907 g of trimethylolpropane (content of
bound formaldehyde, based on IVa, IVb (n = 1), IVb (n = 2) and
IVc where R! = ethyl and R? = hydroxymethyl: 282 ppm), 56.9 g of
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1090°& () - 51801d Qg#klad6xMaving an external natural circulation evaporator,
distillation column, condenser and phase separator. The natural
circulation evaporator was a tube-bundle heat exchanger heated by
means of heat transfer oil. The tube-bundle heat exchanger
consisted of three tubes, and each tube had a length of 700 mm
10 and a diameter of 9 mm. The forward-flow temperature of the heat
transfer o0il was 150°C and the oil circulation was regqulated
manually. In addition, air was passed into the natural
circulation evaporator, the amount of air being 40 1/h. After the
water initially taken with the starting material had evaporated,
15 the amount of air was reduced to 20 1/h and 2 441 g of acrylic
acid was subsequently metered. The amount of air was then reduced
to 2 1/h. The cyclohexane reflux was metered to the distillation
column and regulated by means of the internal temperature of the
reactor. The minimum reflux was 1 600 g/h. The reaction
20 temperature was increased to 95°C in the course of 40 minutes.
After an esterification time of 510 minutes, the experiment was
terminated. Altogether, 735 g of aqueous phase were discharged
and 5 049 g of crude ester were obtained. The aqueous phase
discharged contained 5.6% of acrylic acid. The crude ester
25 contained 6.0% of acrylic acid.

Thereafter, 1 620 g of cyclohexane were added to the crude ester
and the mixture was washed three times as follows:

30 1. 1 100 g of 7% strength sodium chloride solution
2. 1 550 g of 13% strength sodium hydroxide solution
3. 1 360 g of 26% strength sodium chloride solution

Thereafter, 0.9 g of para-methoxyphenol was added, cyclohexane
35 was taken off at 60°C/10 mbar and filtration was effected (Seitz
filter K3).

The end product had a density of 1.1041 g/cm3 (23°C) and a dynamic
viscosity of 85 mPa.s according to DIN 51562 at 23°C.
40

Comparative example 1

Example 1 was repeated. Trimethylolpropane having a content of
bound formaldehyde, based on IVa, IVb (n = 1), IVb (n = 2) and

45 TVc where R! = ethyl and R? = hydroxymethyl, of 1 400 ppm was
used.
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viscosity of 246 mPa.s according to DIN 51562 at 23°C.
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3. A process as claimed in claim 1, wherein the alcohol is an
25 alkoxylated alcohol which is obtainable by reacting a
polyhydric alcohol containing less than 500 ppm of bound
formaldehyde with at least one alkylene oxide.

4. A process as claimed in any of claims 1 to 3, wherein the

30 polyhydric alcohol is trimethylolbutane, trimethylolpropane,
trimethylolethane, neopentylglycol, pentaerythritol,
2-ethyl-1,3-propanediol, 2-methyl-1,3-propanediol,
1,3-propanediol, dimethylolpropionic acid, methyl
dimethylolpropionate, ethyl dimethylolpropionate,

35 dimethylolbutyric acid, methyl dimethylolbutyrate or ethyl
dimethylolbutyrate.

5. A process as claimed in any of claims 2 to 4, wherein the
polyhydric alcohol has been obtained by reacting an aldehyde
40 of the formula (II),

R1 R2

I

45 CHO



"109&' ()- & GOS0/3308R’ ()-& 003 "10%& ()-& "3 "10WWE& ()-&hl opgr| [ NA4lL
1094.094.0% 8109%8&' ()- ?v01Z"10%& ()-f :1Z"10% & ()-f RvOs! #109%& () -
“Hw0s! #T0004& () -1} | no{ ZINA4L 10 ?q0@ 109%8& ()- , @10% A & ()-! 0%0%I G & () -
ow&g%z%z& ()- 10%& ()- 1098& () - KH-[3ly: NAd1 10, #Z10%& () - 03#10%3$& ()-
2v03#1098& () - 0§aO/ | R pady’ *ﬁlfft)/%ﬂf%ﬁs&‘( ét@f QO/ NA41 10
@®610%9& 0 YpUP& /1710 -
1099& () - \(/)U41 If,o ’)d then | eRe T t&%o% ?KZ“ in

10984 () - 10u% HARPKY %r%t{lyéw FobAbYIREY drﬁ??TaVl%‘l ., 5ws' 10984& ()-9,
#11098& ()- O f#109%& ()- 00 f#109& ()- 50 f#10%& () -

, 0" f #1090 §) - elldrocé$B$as dldGRl LOAGRY Jof théslShEedekﬁ‘}@ﬁﬁéiaims ,3where®n () -
Eigg//gr/f/} g‘)()LO'éﬁ@f&l@a ﬁﬁér%@%&( }? 10640l ) 15 kmgg%é}b
o' 1008&' ()- s! 1‘8’0]7@% f(‘l‘i’b /%%?‘) Q‘Ré}% té hé%% S inki é'z'hff’- |
1098& () - 100 - 8931000k () - 9100/&0%10% 810%&' ()- 1:D/[:vU410 :

| DG' 10984& () - : 10%?/& ()-Y L'10% & ()-Y L10%@@& ()- 0"10%& () -

b0" 1098/810) 7 @6 A @rjocesd 18s : cls(ne8%aE' ¢)aid |6l ORHA0BS thE- he & th@HymEht ) -

&' 1099&' ()- 0@1idlQ4b&iéd-outQ4tl 3K (00 Wov@ddte. "10%%& ()-|
| - $109%4944& ()- G 1098& () - 1094.094.0% 51098& ()- 81098& ()-bBd|[: vU410

HIL#1098& () - @pJIOLF#1098&' ( gLE#LO%& ( OL #1004

Litooe ()8 1RPrEose 1{ imed o e o RS e phesein

" 21099& () - +11f0®“é%9 prenhhic EG%I& the @qlﬁéLﬁi‘w@/&’ Fheo NEPRRH ©f Headi ng
13].c" "Héadi ng BBirexy Héa@mﬁg lslsrbe pcﬂe\émdﬁgcw}%aholHéadKm@tfsmce*yllﬁbam ng
63] c" "Headi ng ¥38ild'is" Edeadl.rtg—83] 0. "Heading 93]c"A "Default Paragraph
Font!)1: 26G PY2ck9qy. HQz=qg- "$&(*, . 02468: <>@DFHILNPRTVXa" " * 7;

@EKXc4nGs~ ATU}H&gnge %&Q éf&y%ed>£gigﬂng k recedlng clalms, whereln
S S T S e PEOCL TR
#$W&.(? +, - /Qﬂ_ 45@7 gpesulfonlc acid and/or p- toluenesulfonlc acid or a
<=>? @GABCDEFGHI JMWQQMYZ[ \]~_" abcdef ghi j kl mopgr st uvwxyz{|}~
" #39& ()*+,-./0123
10. A process as claimed in any of the preceding claims, wherein
the polymerization inhibitor (mixture) used comprises at
25 least one compound from the group consisting of
phenothiazine, hydroquinone, hydroquinone monomethyl ether,
2-tert-butyl-4-methylphenol, 6-tert-butyl-2,4-diemthylphenol,
2,6-di~-tert-butyl-4-methyphenol, 2-tert-butylphenol,
4-tert-butylphenol, 2,4-di-tert-butylphenol,
30 2-methyl-4-tert-butylphenol,
4-tert.~butyl-2,6-dimethylphenol, hypophosphorous acid,
copper acetate, copper chloride and copper salicylate.

11. The use of a polyhydric alcohol containing less than 500 ppm
35 of bound formaldehyde for esterification with an acid.
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