WD 00/ 44802 PCT/ EP99/ 10477 Process for the

preparation of resols The invention relates to the preparation of
phenol i c resins prepared with the aid;of netal salts which 5 catalyze
the formati onggf opeg@hezand whose cations can easi |lpehegyecigiiated as
| ow-solubility salts In I ndustrial processes. Resols of this type

are preferred_for var%ous ﬁreas of 10.a§pI%cati0£ ow ng to their better
moi sture resi BFQREES for the,BrAPAtabtoda8fc*88PtE of this type are basic

al kal i ne earth nmetal salts, in particular calcium hydroxide. These

salts have th dvian e Qve I [ t r QXi des
enpl oyed t hat &:‘P%e l%‘(ﬁse%%sloglr e%gégge?nk&! tg%i ?ﬁ#}%’%’e&g ggr ﬁéo&\?v&!éyo%t ent
of free phenoreahds preparedhavilvdidies pidduedd mebadt healts esilmichave

bet t er m)iSStU?:StEE?%Et AR £ AL I £0PEEHERT LA, whidGe catSi@ds &am be

precipitated fromthe_aqueous ,sqlutigon by 2Q addition _of dilute sul phuric
aci d, carbon 8R8kide, P& DPxReIRLGMLESy| Sifat &OW- b EYphdipHR est? or
amroni um eaghsaaial prdcegpasated off. This gives resins which are
virtually ash-free. 25 It is a disadvantage of these resins that the

I nsol ubl e precipitates forned in their preparation nust be filtered
off in a conpResopsoodsthis noypetdmee wrseferred| dokayardfousheanremy|@E can

occur dUrifig REATERStIanObying EBCLhETNGebEesPRAYLRI-ANdeLaRebAUS Mol t
in problens 3 uring processrng. I''tration of the resins is firstly
conpl ex and secondly associated wth considerable | oss of resins.

I'n addition, dikappiak @f balsier s3akes FORAIN b3 R RNEIiE 4BRATENnE0
landfill Ts expens! veeant S ESeNS parlcolil’ CB0Roidh Aot SN de.
These salts have the advantage over the alkali metal
15 hydroxides usually employed that the resins prepared in
this way have a very low content of free phenol and
that the products produced from these resins have
better moisture resistance. After the condensation, the
. salts can be precipitated from the aqueous solution by
20 addition of dilute sulphuric acid, carbon dioxide,
ammonium sulphate, ammonium phosphates or ammonium
carbonates and separated off. This gives resins which

are virtually ash-free.

25 It is a disadvantage of these resins that the insoluble
precipitates formed in their preparation must be
filtered off in a complex process, since otherwise
blockage of the nozzles can occur during processing of
the resins by spraying and can thus result in problems

30 during processing.

Filtration of the resins is firstly complex and
secondly associated with considerable loss of resins.
In addition, disposal of filter cakes containing

35 phenolic resins to landfill is expensive and represents
an environmental problem.

REPLACEMENT SHEET (RULE 26)



-2- A solution to these problens are phenolic resins in whi ch

‘calciumions are bound to the resins in the form of conplexes with the
aid of amonia or am nes, as di sclosed in EP-A 0 198 130 and EP-A 0 190
468. 5 However, these conpl exes have only noderate stability. Wthin a
few hours, precipitates form in the correspondi ng resi n sol ution,

and conseque t_hey.

tl b
processed A épﬁ'ﬁg?‘oflm&%l In% ;?a‘?%}?f?‘ﬁ% ; enF@ﬁ%ﬂall‘l"hlrse :%nﬁoln
general ly notwhnmh ceabclmnrmshareebonndarwf attairesgsiss in obe lfkne'm

BII: gg:rsusolrn tec ni %&Pﬁgggge ca Ci ﬁ i’gg)r(lléj@ %e\?\lﬁa?e %CI&IP@% ‘er es V\Ath

t he processi rijisgfogetesdn eFPrd afd 198 ptdPotand f BRHer Gr d&8%hi #&8i-ons.

It is thegef q&&v&;bxom €Hés@f cbhg1bRé8ntiate t&lp} OMb8Erate %Qﬁwls.lw ch are
sinmple to pr ﬁ)are and gi ve 20 products avi ng noi sture

whi
resi st ance. hing 2 ge‘l"urth'ﬂéﬂ’r%rbj eE’FeSF-PP-I’iét?ﬁvenfg’é‘ﬁ t Rt A8

resol s have cormpdﬂdarﬂgerlrreglw esbmutabnonSam Itﬁiﬂ§éii'de?tﬁ‘1]l3pnt\hdetslé
t he usual neutra.l | zin nageng_s used,

ﬁ? as su % ar rcabon
di oxi de, ey ﬁm)?llf‘% pﬁ’l sp Pes 256 pgl%%ﬁl ST
car bonat e, Mther vwnmﬂlatelyrpmftezes tbé cmdp&exmg pfbdsct &5  such

as, forg Ogegs%gaf:ﬁect LU EEEDODRAEe tHRVEesifl mabliRELAHLI01s

ef fects. IS ac |eved y a process according to

1 to 6. The % @%r&"ﬁ%ﬁ%ﬁ%-l ng the process according to the

invention are used, in particular, as binders for the production of
rlals wood _ ngpteri al f oans

acoustic and thernmal.insul ati mat

St ] e nartt e 08 R Hhe pafhs ooy ignat *Car ORI Bronare” T 0o ne
condensed wi tgrédentai dnoftedlvad ¢dale-grade calcium hydREPLACEVEMEwIIHEET
(RULE 26&5 interferes with the processing of these resins and

promotes further precipitations.

It is therefore an object of the invention to provide
resols which are simple to prepare and which give
20 products having good moisture resistance. It is a
further object of the invention that these resols have
no interfering precipitations on neutralization with
the usual neutralizing agents used, such as sulphuric
acid, «carbon dioxide, ammonium sulphate, ammonium

25 phosphates or ammonium carbonate, and in which
impurities of industrial products, such as, for
example, calcium carbonate, have no interfering
effects.

30 The object is achieved by a process according to Claims
1 to 6. The resins prepared using the process according
to the invention are used, in particular, as binders
for the production of acoustic and thermal insulating
materials, wood materials, foams and laminates

35 according to Claims 7 to 10. -

In phenolic resins condensed with the aid of alkaline

REPLACEMENT SHEET (RULE 26)



=3- earth netal ions, it has been attenpted to keep the al kal i ne

earth metal ions in solution with the aid of conpl exi ng agents in such
a way that a good shelf life is achieved. This was not
sticcessful . As a 5 correspondi ng coopgrative exanple shows, addition of

conventional co eX|n agents to,a . resip solution rep t he

aid of al kal iSfF tg’ét g’r oRgmsifi fras gﬁ&fl rae"s‘Eﬁ‘PPtr?wdt e %?Pe&"th@f f ect
of conpl exi ngaljtalzmae eartht aletiadnsiork) 1n sBPufiBfAl wikh tehaehaddt @fimi X -a
urea-nodified | i I B i nde | t | d of
al kal i ne 8 a‘gé)’ﬁqérg%l a%?/%?%xf'a\é\gu%p h ﬁ?{ alcér)lggagéﬁg \g?%aéf fﬂﬁ

pol ymeric anlmn c atibiavredint dhisy tmas:ondmtsat ismecEssfivdact i &€ i naa

si ngl e wogKi @%oﬁiﬁ&p%@%&ﬂv% exaﬁx?%%h' gﬂo‘{,or n'er%i dﬁon h@ ver

it was found at a reciprtate 1s neverthel ess must
filtered pnventi t | PIFELNT o RESE DI ndd FRRETa FoR tlon

gol QuréI whi cri:pfaaézlgeatmthetheuaed b faldlleasate V@@f'@hamaealpabﬁsglﬁtd S
esire Suc or a use e ner ry.
Sur pr 1 51 ngl y *fowEoarLEl A Gie et FEe detfap il e L exiy 0B Hd

sol ution of anqsﬂ:mhoiwnsrem n prepared with 25 the aid of alkaline
earth netal hydroxide wth a comercially available conpl exi ng
agent al'l ows conpl exing of the nmetal ions to be achieved if the
resin sol uti oBPtas 880r &k besmhest dimsi méky ani wedawnedifieda phieneddsant .

The resin hergedsn C‘bﬁf‘éﬂﬂ’hag BbéReEsfferfed! #ikh EB@ 688 B £SA1%E18d or med

in this way is stab precipitate forns. _Even on contact wth
cOerr] or e@Rrth n&?rFalpa\t:‘gFlﬁﬁ"léa e¥3th 3¢ GhedgtizgpondeRy avflud ons,

no al kal i pel et he medmd owed bcdﬁlfeﬁa&ﬂi pidfdeas. the t Rdndenseilomary,
al kal i ne arth net al carbonate rticl ek reserbﬁﬂe n the, resi Q__&sol ution
t

di ssol vec} Wi tFFRC R Port @ SEPHeS wor ”’r‘-{ F Par rhBred Efﬂl lr?g t hat
the nmetal ionseachimg (Example 7), how&E@tACEl\ENWaSHEEEfuﬂ&ULEQ%) a

precipitate is nevertheless formed and must be filtered
~off. In addition, the products obtained have a dark
colour, which restricts their use in all cases where a

20 pale hue 1is desired, such as, for example, on use in
the mineral wool industry.

Surprisingly, however, it has been found that mixing of
the resin solution of a phenolic resin prepared with
25 the aid of alkaline earth metal hydroxide with a
commercially available complexing agent allows
complexing of the metal ions to be achieved if the
resin solution has already been intensively mixed with
a dispersant. The resin here is clearly in dispersed
30 form. The resin solution formed in this way is stable.
No precipitate forms. Even on contact with COz or even
on passing CO; into corresponding solutions, no
alkaline earth metal carbonate precipitates. On the
contrary, alkaline earth metal carbonate particles
35 present in the resin solution dissolved within a short

time.

It is furthermore surprising that the metal ions in the
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-4 resins treated in this way are immobilized in such a way that
they are apparently no | onger available for | ater reactions with water.
The products produced using the resins prepared in accordance with the
I hvention 5 are distinguished by very goad-npi sture resistance. - The
condensation reaction _of .p ¢conmpounds_i s A out in.the
manner known PEFIRE i’%reattﬁg f gpéﬁar“ﬁy o Bf lp‘g‘?gll 4 %e:'ax?i ﬁacphga
reactants in @y afpagoushegolare cappamently tbe lonfes r avtaidablee faxf
condensati on [ e n

enpl oyed can %@%E 98%§E6§ﬁ§ §§€ﬂogﬁggg 3%% %25%?663‘ Q%yﬁéigﬁfﬁgm
prepar ati on othphé’-iﬁﬁlir@ rQ‘éﬁFi@red fim Pﬁ@ﬂﬁﬂi’-@céoﬁﬁ(ﬁhd‘éhér glnyeption
particul arg pQﬁQOhlséyﬁ 8} 8Red byabé agb6al h¥igtureopBEL s8hh¥esubstitut ed
phenol s, and pol yh ygric phenol s. anpl es of these are cresols,

xyl enol s, tert-octyl phenol, naphthols, p-phenylphenol, bisphenols and
resorcinols, fHé abSﬂdéﬁkatﬁbnprﬁdal@tiSonZbe Sipl’aemllé orcampogmds cig denol ,

dol d h d I d
Compounds or - PREBRG deEFFeath x EiPes TPERLond bt nBt © 50 - Eioribe

whi ch can be prmpbayetiiane afl neapbandsyofh%tlmme @mermactmmm :RJCHO.

Exanpl es ehy ac hyd pr
n-butyraf@%hyégﬁgahg g81uF§8 eﬁﬁ#gghydghe %E%. and fdgﬁﬂral f%e
preferred C§P§€ﬁ§6§1P§ fdﬁ#ﬁld Re8e, kﬁV? - enp Gyedc%ﬁﬁ%ﬁﬁﬁﬁ%ﬁn in

the form of apé@[:ﬁékde"éiﬂ&t@édn @%&ﬂ nges% a@h@no:ie.c sa@iﬂpaandfsoraﬂarml e,
parafornaldehggﬁ ﬁr tri ane £ E g f ﬁ g ition,is an
aqueous sol ut Poft® deﬁa RY™a PBrﬁHFdB 9B§r€ ﬁ?@n? oPRSPRLEE, TEREAS30%
(formalin). The nol ar ratio bet ween phenolic conpound and al dehyde can
be sel ect a Feed r.a 3 . . 4.

Cat al ysts i ?Hggéglge Hlﬁd QQ%t, hg'n pra%gslic uljazz'aé)gjoe:ncﬁlrfg lf%t t?i]éso

i nventi on areahépaatégaﬂéyWMnjaromat1cally substituted phenols, and

polyhydric. phenols. Examples of these are cresols,

xylenols, tert-octylphenol, naphthols, p-phenylphenol,
bisphenols and resorcinols, but also natural products,
20 such as, for example, cardenol, cardol and tannin. The
phenolic compounds can be employed as individual
compounds or in any desired mixtures with one another.

Aldehydes which can be employed are all compounds of
25 the general formula R-CHO. Examples are formaldehyde,
acetaldehyde, propionaldehyde, n-butyraldehyde and
isobutyraldehyde, glyoxal and furfural. The preferred
aldehyde is formaldehyde, which is employed as such or
in the form of a formaldehyde-eliminating substance,
30 such as, for example, paraformaldehyde or trioxane. The
preferred form of addition is an aqueous solution
having a formaldehyde content of greater than 30%
(formalin). The molar ratio between phenolic compound
and aldehyde can be selected as desired in the range
35 from 1l : 1.2 to 1 : 4.
Catalysts which can be employed in the process
according 'to the invention are metal salts which

REPLACEMENT SHEET (RULE 26)



-5-° catal yze the formati on of resols and whose cations can easily
‘be precipitated as lowsolubility salts in I ndustrial processes.
Exanpl es are nagnesi um oxi de, magnesi um hydr oxi de, the hydroxi des of
the alkaline 5 earth netals calcium strgntiumand barium and salts
thereof with weak acids t also wealyb IC%%‘;]B the transition
metal s, such GRtak¥zee %ﬁpgem‘zﬂeﬂ ° RYENEBLL6PFafERt e. The
preferred cat@eis/ﬂy bei szabf.pwabaaroasdeloﬂzesolub{metynwaﬂtsf dat al yst

enployed is in rom1l 15% b | gh bI the
range from 2 %%é%i)-’ngpbf’ff%?%ﬁﬁes ba?gﬁ”m??%e arfeg a&feesf %é'{rj\lol | c cdrrpound
enpl oyed. 15 magndsiuni &pfd'mnde,enp&wehyaaqﬂgdeanwﬁorﬂm ciediialine

avai | abl e gsubg éfé"ﬁeﬁle‘é'gggh i, keé@oﬁél%sﬂﬁﬁs%ﬁﬁum affulssitfdeer s,

wetting agents of anti -deposition ‘agents for aqueous systemns. Exanrpl es

are amoni um theyeef e‘éltlzowﬁﬂbsﬁﬁbﬁﬁunbﬁ‘él P%SOpUPﬂSF-YoP?SéGm?@I}MS of5uch
as, for exddP! erardd fvicH Y mataes hy i 9la&0! Sorsaldxan@fld,at taine

acids, in particul ar of aI kél arél car box?;‘l i E acic_yﬂs, a

al kyl benzenesiFpFRrat 8R4 BARGRNSHRt ASFBARREPphRG: B eFerred St es of
products of isghealebmdehgdidoobdeof 25 napht hal ene or al kyl napht hal ene with
f or mal dehyde, al kyl sul phates or betaines. Preference is given to
ammoni um pol yacryl ates or al kyl napht hal enesul phonat es. I n an anount

of from 0. 05 The5smovatedf onatadypheaobileved ésnpouitiicempnepedratheyl are
added to the {gaghyop, welwtub%e&%%m;? NG p&}%wﬁﬁgéoweﬂnds,toalaehyde

and cat alnéi't and m xed™I nt ensi ve hey can dde ei t her

before, duri omesiighdy théségnd%hs&hleor@mun? e&cﬁtl%en‘?%l?hézqmﬁql&d case,
the di spersangmgapybe. 35 added to the reaction mxture before the
neutralization or thereafter. The crucial factor in all cases is that
the resim=is in sone type of dispersed form with the aid of the added
di spersant, bther eddddetrisantsf tdmgployed can be any commercially

available substances which are marketed as dispersants,
emulsifiers, wetting agents or anti-deposition agents
for aqueous systems. Examples are ammonium acrylates,
20 phosphonium salts, polyalkoxy compounds, such as, for
example, alkylarylpolyethylene glycols, salts of fatty
acids, in particular of alkylarylcarboxylic acids,
alkylbenzenesulphonates, alkylnaphthalenesulphonates or
sulphonates of ©products of the condensation of
25 naphthalene or alkylnaphthalene with formaldehyde,
alkyl sulphates or betaines. Preference is given to
ammonium polyacrylates or alkylnaphthalenesulphonates.

In an amount of from 0.05 to 5%, based on the phenolic
30 compound employed, they are added to the reaction
mixture comprising phenolic compounds, aldehyde and
catalyst and mixed intensively. They can be added
either before, during or after the condensation
reaction. In the latter case, the dispersant can be
35 added to the reaction mixture before the neutralization
or thereafter. The crucial factor in all cases is that
the resin is in some type of dispersed form, with the
aid of the added dispersant, before addition of the

REPLACEMENT SHEET (RULE 26)



-6-° chel ating agent. This generally requires intensive m xi ng of

the reaction mxture with the dispersant for several mnutes, at |east
10 minutes in customary stirred reactors used in the preparation of the
resins, 5 before the conplexing agent_ig added. Conpl exi ng agents

o orm orRRLEESR T Sadht e bR, openatelit AR Pa s o

acids, 10 dimbkigggbyoxhee reaction amixinoe ywhthokhbki dispersamacifita -

di et hyl enetri anj nt ¢ acid, I n rtj. . Nitri lacetic

acid (NTA) an%gqégﬁ%?ene |1§1{r:né%ét e%t?a-f)égs‘: ace iéﬁlg%:q%% Elﬂ'ﬁl\) .&Iéél%‘ar#ﬁey are
preferably enptbyeedi neantansunsedhiohthe preparatdinomst ihealdesing.fici ent

to conpl ex t hgaBL8! the@NSompleRind Nsasht A ¥Shgaeqp! oyed, an excess of up to
10% p?%fer2g§y bei ng g%?e%tégéingorder to aéﬁ?eve a satisfactory

conplexing rate. A further excess does no 20 harm but 1is inappropriate

for econom ccomgasRitg agenteWetgich aidi tb@Ne@pleyéedi gl W1l water-
sub- st oi chi onet

e anount of conpl exi ng agen so results in,
t ranspar ent S°£?B%?ncgﬂPﬁPP%ﬁsLn°W§5pe¥h§gcU%ﬁF%&%%ﬁmhé%WﬁQEF%mﬂﬁﬁpeﬁter
t he condensatmetal ieasti orExampbepl eterand ladttararbuexyfYisshl yaqirdspar ed
resin solyyiog. . wtht | . co | hg agent
can Iikeﬁ#ie éﬁgggggs?%g%ﬁggfesin @&éﬁﬁﬁﬁiigggﬁ?%iﬁa%eforeW%éig{ér
neutral i zat i oBiethyhengbriaminepanhageatdc acid, | putt hin Regrpledan

agent is  addedilbetoaBetibh@acia NAYA)al A%Q I hy IRGRM RintBd 1diS-£10 not
form even on neutralization with acids which pér se lead to | ow 35
sol ubi lity pr@€epttabrirts (BPTRhe corresponding metal salts. | f

t he conpl exi ng agent is added after neutralization

15 They are preferably employed in an amount which is
stoichiometrically sufficient to complex the metal ions
of the catalysts employed, an excess of up to 10%
preferably being selected in order to achieve a
satisfactory complexing rate. A further excess does no

20 harm, but is inappropriate for economic reasons.
However, addition of a slightly sub-stoichiometric
amount of complexing agent also results in transparent
resin solutions.

25 The complexing agent is added after the condensation
reaction is complete and after the freshly prepared
resin solution has been mixed with the dispersant. The
complexing agent can likewise be added to the resin
solution either before or after neutralization of the

30 reaction mixture.

If the complexing agent is added before the
neutralization, precipitations do not form even on
neutralization with acids which per se lead to low-
35 solubility precipitations of the corresponding metal

salts.

If the complexing agent is added after neutralization

REPLACEMENT SHEET (RULE 2§)



o7 with an acid which has already led to precipitation, this
precipitation dissolves within a short tinme, and an infinitely

watf er-dilutable resin solution fornmns. Li kew se, lowsolubility salts
present in the resin 5 solution, which qre in the formof inpurities in

e et SR LR B LES BBl 2o, Lo, TELAIL SR aradiod 25
shelf |ife of thﬁsemieci@uﬂmlm vdiém[tve@nvl'phﬁm & tsal’_aa;rmsls time, iarsdl ubl e
|[)nr3 E)glasses, Sgl:t%%r d?’ﬁﬁ?ﬁigﬁgﬁ% ‘EX%eC ?/H‘;‘I?J%aé%s%ggfoecsglvsrgﬁdséﬁ m =Xt ended

st orage and tLakewbse, t |]cms—s<vlubr.olity hesalts f pxeseftpr &oi pthat irepisul ts
resultingg n BLoGeags, Olnien 1dFe N9AZ1tGR form them%@ﬁwleéollﬁt ol are

t ranspar ent exce nt 1 npr egnatlo aviour. They can be
cured in t:ﬁ@heeﬁ@éngréﬁal adridd eor emp bended d ofestre, metal ($RlE90 are

sel f-curing Oﬁséapalc‘zué&té!?ybeat diBygbleanastéep Qeshorteﬂ]?inéyed in
combi nation with curing agents known per se, in particular with acids.

They can likewise, as is al so known of standard resols, be conbi ned
Wi th other, Thepeefrssiny sedtari-osxd uhbee téilersrreéleﬁtﬂdgeandft heaswnexra P 5

pl astic rgsi n h p fs ey _.are; y
sui t abl e eos 8kp9rMoV9 1%'39%% ?& #19%% gl%gtlogg @ 1ns°l&giéT%§é%if ed
resins exhl b| sadkeclappeanimgharfhey canetbuss 39 pmqesee§ Goodcormien ur e

resi stance.  ThgycasgeblerRiasR1ingl " 8186a01Y iabl Brbeeskle, Pravkisti on

of acoustic and her nal |nsulat|ng material § and materlas

Exanpl es 35 aft?ﬁeeasﬁsaﬁﬁé §tPERIEN AKe LRRAFROES aFr’é“elsn sEdhQuts ethe
parts by wei glitatple® . preeigispeifagnts£Igd oyegduilBing ifxabpbekageé &hd 5

s an " aoniyn  polyggrylate

The resin solutions are transparent and exhibit
excellent impregnation behaviour. They can be cured in
the conventional manner for standard resols, i.e. they

20 are self-curing on exposure to heat, but can also be
emploved in combination with curing agents known per
se, in particular with acids. They can likewise, as is
also known of standard resols, be combined with other,
preferably water-soluble, thermosetting and thermo-

25 plastic resins. Owing to these properties, they are
particularly suitable for the production of laminates
and foams.

The cured resins exhibit excellent mechanical strengths

30 and very good moisture resistance. They are therefore
preferably suitable for the production of acoustic and
thermal insulating materials and wood materials.

Examples
35

The amounts given in the Examples are in each case
parts by weight (pbw). The dispersant emploved in
Examples 1 and 5 is an ammonium polyacrylate

REPLACEMENT SHEET (RULE 26)



-8-- (Nopcosperse[err]). The di spersant enployed in Exanple 2 is

'di i sobut yl napht hal enesul phonate (Nekal [err] BX). Exanple 1 5 100
pbw of phenol are mxed in a reactor with 50 pbw of wat er and 4 pbw of
staked Iime and heated to 70[err]C. - 831.5 pbw of 45% formalin solution
are then added, and tyle reaction mxture is condensed at Zg[ %r r]Cto a

water 10 di| (NQRFO§RETSR )+ The (lisnersant, FoploNes R eEXAER ddded,
fol l owed by GabisdwnaeflshspEisbatiesul phonadié e(NékEl® @x)t.i on ni xture has

been stirred for 2 hours and cool ed, 1 pbw of conplexi ng agent (Na salt
of 15 et hyl enedi am netetraacetic acid) is added, and the m xture is
stirred for aEfamphberl 15 mi nutes. The reaction mxture is then
neutrali z§d to pH 7 using di l ute sul phuric acid. The reaction solution
remains 20 clear. No precipitations are observed. Even after a st orage

tinme of 4 week@0 apbw oo Phapet agtiecmixgd in gr zepptert Wakh 50c PEWs&f/ed.
Exanple 2 25 yated 0@V Olfp_mheael Allakdd Xe8mbN @hd edeheedV £§ FQoghw of

wat er and 5 pbw of s] ake [ nd heated to 70[err]C 7 pbw of 45%
formalin sol uf? b aPEYt R n%gge%’,m!%ri&n SOyt Qb 2% oﬁhﬁPxFég?di's a13"(5{1densed
at 70[err] C t¢ha wetetidh diixtthale | ity condenselD.at 70°CAfderat hetdxxt ure
has been l@;ogﬁglég%%%g@] %f 21pbyv (1f0 a go 7500 St B%ng{tltl)egqug]?éjs £ Inut I on

of Nekal di"spersant, "and the mxture s Stirré
vi gorousl y foad@sd30fed howed. bt 00 phvlew @f 1ddspersarth aqueous sol ution
of the Na salt of nitrilotriacetic acid are then added, and the m xture

I s honobgeni zed. . REPLACEMENT SHEET ( RULE 26
After the reaction mixture has been stirred for hours

and cooled, 1 pbw of complexing agent (Na salt of
15 ethylenediaminetetraacetic acid) is added, and the
mixture is stirred for a further 15 minutes.

The reaction mixture is then neutralized to pH 7 using
dilute sulphuric acid. The reaction solution remains

20 clear. No precipitations are observed. Even after a
storage time of 4 weeks at room temperature, no
precipitations are observed.

Example 2
25

100 pbw of phenol are mixed in a reactor with 50 pbw of

water and 5 pbw of slaked lime and heated to 70°C.

237 pbw of 45% formalin solution are then added, and

the reaction mixture is condensed at 70°C to a water
30 dilutability of 1 : 10.

After the mixture has been cooled to 23°C, 2 pbw of a
50% strength aqueous solution of Nekal® BX are added as
dispersant, and the mixture is stirred vigorously for

35 30 minutes. 10 pbw of a 10% strength aqueous solution
of the Na salt of nitrilotriacetic acid are then added,
and the mixture is homogenized.
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-9 The reaction mxture is then neutralized to pH 7 using dilute

sul phuric acid. The reaction solution renains clear. Even after 4 weeks
(storage at roomtenpera- ture), no precipitations are observed. 5
Exanpl e 3 (conparative exanpl e) Exgnple 1 is repeated, the only

change being t no .. _dispersant, is_,added. 10 tr.al | |on of
the reaction® ﬁﬁ‘l fFﬁFEloﬂsFﬁ‘% ure 4§ p cn%%‘fﬁalﬁﬁ?gﬁ% § 7?115%; tfeposi ts
in the form dilatea sulphorikst aklidne 'mecu:maim@n sQButEQ:ar’rpi'%ndD-nS :
(conparative |l e | ogously .to g%ﬁﬂy$ mqg%%ggﬁgpl and
250 pbw ogfgggbforna |ﬁf§§g égnggﬁﬁgd &n €2 anot eraat [ err]

in a reactor. tine) canal preciépptapbons sase 70pBarveds0% 20 strength  sodi um

hydr oxi de sol ution. After t he condensation, 15 pbw of urea are
added to the reaction m xture, and the nlxture I S subsequently
neutral i zed Exampifg3qirorBa¥arikar eXa®ei8) 25 Exanple 5 (conparative
exanpl e) Anal ogously to Exanple 4, 100 pbw of phenol and 210 pbw

f 45%formal | densed th | d
< 75 pbw of ERPRBLR ot ho REPER%30 HiheotaRashenas,PSTE. Kk Olrc,

are added to thepersaneadisi addedixture, and the mixture is subsequently

neutrali;ﬁf using dilute sul phuric acid. Test results for the resins
fromExanples 1 - 5 35 The resins are analyzed in a conventional
manner. In On neutralization of the reaction mixture wusing

sulphuric acid, calcium sulphate deposits in the form
of a microcrystalline precipitate.

15 Example 4 (comparative example)

Analogously to Example 1,100 pbw of phenol and 250 pbw
of 45% formalin are condensed with one another at 70°
in a reactor. The catalyst employed is 6.7 pbw of 50%

20 strength sodium hydroxide solution. After the
condensation, 15 pbw of urea are added to the reaction
mixture, and the mixture is subsequently neutralized
using dilute sulphuric acid.

25 Example 5 (comparative example)

Analogously to Example 4, 100 pbw of phenol and 210 pbw
of 45% formalin are condensed with one another. The
catalyst employed is 7.5 pbw of triethylamine. After

30 the condensation, 75.8 pbw of urea are added to the
reaction mixture, and the mixture is subsequently
neutralized using dilute sulphuric acid.

Test results for the resins from Examples 1 - 5
35

The resins are analyzed in a conventional manner. In
addition, the flexural strength of corresponding test
bars is determined. In order to produce the test bars,
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addi'tion, the flexural strength of corresponding test bars is

determ ned. In order to produce the test bars,

- 10 - each of the resin solutions is adjusted to a solids

content of 40% 10 pbw portions of thesejgolutions are each m xed with
100 pbw of quartz sand, .and the m xture, i s introduced into noulds (170
X 22 X 22 nm efr?é’cﬂ edDS TERIPLhE WA 18r atdiwsikad ato1gv] 8PAEESI n t he

oven. The cdrtmentr £ s408nglb pbwt eviredons of thesd. sbhuthendr yratate

b. in the wet state .after or f.or 6_.hours_in wat er at
100[ err] C and ecsaoo ?‘h%‘%‘%r"”i'hho iBPW PE quartz sand; 3ngatBe TLXEURE num
of 20[err]C. 1is iFfkrodseed sinho anoelidar ¢130own 2i2n T2 esm) and 2ulkedow.

Table 1 (apal yiseSph 1 I I Exaupl e
Exanpl e ese mou dslfo.r_ 2 llr:cgz‘@fg) &t EgaBE 9n E%?ém&@en. @‘HB
Refractive  flegmyel strength is tested: 1 4650  1.4540 i ndex

Sol i ds 45. Q. in 4he2dry st3LR 49.0 47.0 content [%

Free phenol < 0. . 0..42 <.0.3 < 0.5 < 0.7 [ % . Free
form <05 %@, 4n the Jgtgstate; gfter stgrage fog cfelﬂ?l‘érf ogin pH

7 7 ubi | 7 water 8a®% 100°C8. ﬁnr.?i c\ﬂbtl.&hg for 113hour in5
o 13?)?grlrj]hlc I[ﬁnyn]ru’“n%‘t‘-’l %&%ter 2 A B O RGCE [ vPa) )
dry Theygtesultspohhsiied are shown ig Tables 1 and 2 hedow:
Exampl e 2 8.7 8.1 Exampl e 3 7.9
s g ExarrpIT%béi@ f. (analyse7s')5 4.1 Bxample 5
Example Example Example Example Example
1 2 3 4 5
Refractive 1.4550 1.4742 1.4650 1.4540
index
Solids 45.0 45.2 43.0 49.0 47.0
content [%]
Free phenol < 0.3 - 0.42 < 0.3 < 0.5 < 0.7
[%]
Free form- < 0.5 8.2 < 0.5 7.0 < 0.5
aldehyde [%]
pPH 7 7 7 8.8 8.6
Water oo co o0 oo oo
solubility
B time at 7 4 13 5 14
130°C [min]
15 Table 2 (flexural strength [MPa])
dry - wet
Example 1 8.1 7.9
Example 2 8.7 8.1
Example 3 7.9 6.5
Example 4 7.5 ) 4.1
Example 5 7.9 5.1
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Exanple 6 Anal ogously to Exanple 1, 100 pbw of phenol are

condensed with 142 pbw of 45% formalin. The catalyst 5 wused is 5 pbw

of barium hydroxide. After the condensation, 0.5 pbw of dispersant
i 5 added, and the reaction mxture_iggstirred for 2 hours. 182 pbw of

t he Na salt of _ethyl enedi am netetraacetic acid are then added, and
the mxture i BXaMPleel for a further 30 10 minutes. 0.5 pbw of

al kyl sul phonic acid, 5 pbw of pent ane and 5 pbw of p-tol uenesul phonic

acid are ubse uenly dde th .s fo d_.,at [err] C
The conpr essi S?‘E i’f’g i Ej‘clet né’&’“b G R at?’f%on
met hod. The resntitensedglwaazh | m42a11:lhw 30f145% fcfixmi:)in 7'I‘¢xeonq:mh:aalys'e

exanpl e) re i g pr. redean Y
change bei ng Pﬁafi ngléc]l s%er |§ ad? ?fq(&@ }cli%&f O to tth IE&Itlure to
be foamed, ancpndengptéobar |Q)rﬁ sebw of d;fspﬁlﬁ@mtenb%uaéﬁgﬁvcaa@dthe

precipitates QBEcﬂ'iQnShQWtﬁre 1sd8RATHR £t B HRAH I qrsznﬁwr@f dhe

resultant foamis hus | nhom)geneous 25 Tabl e 3 (canpressi ve
strength of tNe f®ahkk [‘F%] yethyl eneé&é\‘?ﬁ-lné’f traacgfic agidppges thengg
30 Exanple 8aeaeaparmdve:1@<aﬁpkeﬂ1re 1s £@Qrpkd@ ofophanolfuatheti X360 W th
27.3 pbw wat.er_. and 8. bw of n a react d heated to
Toierrr o "EBReRE op-asopel i AR Aci®ida8y, BB SE he
reacti on n xt peatagecoradns&d @tbw70[oérr]p::ttqilmnm@phon1c acid are

subsequently added, and the mixture is foamed at 60°C.

The compressive strength of the foam is determined by

the Chatillon method. The result is given in Table 3.

15

Example 7 (comparative example)

A resin is prepared analogously to Example 6, the only
change being that no dispersant is added. On addition

20 to the mixture to be foamed, an insoluble barium salt
of p-toluenesulphonic acid precipitates out and slowly
deposits in the reaction mixture. The resultant foam is
thus inhomogeneous.

25 Table 3 (compressive strength of the foams [Pa])

Example 5 70
Example 6 56

30 Example 8 (comparative example)

100 pbw of phenol are mixed with 27.3 pbw of water and
8.8 pbw of slaked lime in a reactor and heated to 70°C.
227 pbw of 45% formalin solution are then added, and
35 the reaction mixture is condensed at 70°C to a water
dilutability of 1:10. After the mixture has been cooled
to 60°C, 32 pbw of water and 54.7 pbw of urea are
added. The mixture is then immediately cooled to 45 °C
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dilutability of 1:10. After the m xture has been cool ed to 60[err]C, 32

pbw of water and 54.7 pbw of urea are added. The m xture is then

i mredi ately cooled to 45 C - 12 -

and held at this tenperature for 30 mipujgs. After the m xture has
been cooled to 23[err]C 0. 5% APBT (1% Bayhi bit[err] AM 50% and 0. 15%
sodi um | i gni n3BRpABAE: 8t thigyhpmpgraturer £prcBf miBuhefed shortly one
after the other wi th vigorous stirring. Anal ysis of the resultant
resin: nD val ue: 1.4635_10 H

8.8" Afterpdhs (Pixtuse| das) deen E?ﬁgsdg/taﬂ%??ﬁ?' 0.5% " APBT

Free formalin(l% Bayhi®b¥t® AM 50%) and Prassphedilum lignin$uBMonate

Dry resin: : 80 | ubl | Liy: Lnf i Qi but
formation 5of (Yanlspégs;‘ &é) .are added \%{oe{tﬁ?a&g%eé?éef atee}{Ie V\H{;%%&set -
tles with vbgpbgouns stirring. bl ack- br own.

Analysis of the resultant resin:

n, value: 1.4635
10 PH: 8.8
Density at 20°C: 1.195 g/cm’
Free formalin: 0.5%
Free phenol: 0.33%
Dry resin:- 46.1%
15 Water solubility: infinite, but formation of

a precipitate which set-
tles
Colour: black-brown.
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REPLACEMENT SHEET (RULE 26) WO 00/ 44802 - 13 -
PCT/ EP99/ 10477 Patent cl ai ns 1. Process for the preparation of resols
by reacting phenol i ¢ conpounds with al dehydes with catal ysis by

metal salts V\ﬁgsgorﬂgggs can easily be 13 _precipitatasmsmpeyysgdppility

salts in industrria processes, characterized in that a dispersant is

added to the reaction_m xture conprising phenolic conpound, al dehyde
and netal sal Pab8RbEr €1a4lfi ng or after the condensation reaction,
and a conpl exi ng agent is adm xed after the condensation reaction

is complete and affer the dispersant has _. . beep adm xed 2.. Process
hocordi ng teict ai RECEeS8 FeRh s brsbaration ob, 2PHetRopy tsaetid

cal ci um hydr oxi de phenoligagroemaunds/dwdkhdaldelf/desPrwiths catoolylig to
Caim 1, charactegyliz N at di t Lsnalr ¥ ,Ad to
t he reaction msgt u?%_tgéforsgltt{i c%%\%%nsa %g%&?%achaan. efpa : yaP_%éciess
accordi ng to O ai nPXegir2tathdr ast dpiwze@lubilifgyt igatl tehd i Bptustankal s

added to the reactppBcesses| XidHaraRitlediddie LONERRATAtA 0RikpREkhaR has taken
added to the reaction mixture comprising phenolic
compound, aldehyde and metal salt before, during
or after the condensation reaction, and a
complexing agent is admixed after the condensation
reaction is complete and after the dispersant has
been admixed.

2. Process according to Claim 1, characterized in
that the metal salt is calcium hydroxide or
magnesium hydroxide.

3. Process according to Claim 1, characterized in
that the dispersant is already added to the
reaction mixture before the condensation reaction.

4. Process according tb Claim 1 or 2, characterized
in that the dispersant is added to the reaction
mixture after the condensation reaction has taken
place, and in that the reaction mixture is
neutralized before the addition of dispersant and
complexing agent.

5. Process according to Claim 1 or 2, characterized
in that the dispersant is added to the reaction
mixture after the condensation reaction has taken
place, and in that the reaction mixture is
neutralized after the addition of dispersant and
complexing agent. -

6. Process according to one or more of Claims 1 to 5,

AR R N
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Joldace, and in that ,the reaction mxture is neutralized before the

addi tion of dispersant and conpl exi ng agent. 5. Process according to
Claim1 or 2, characterized in that the dispersant is added to the
reaction m xture after the condensal1pn_react|on has t aken pl ace,
and in that the reaction m xture %ltrallzed aft t he additjon of

di spersant and EﬁﬁﬁFE?Fﬁ@eggéﬁtthaQSt r PRRWRE 50 E ﬁﬂfqﬁ?qﬁui%w nor e
of Clains 1 to 5, 0.05 - 5%, based on the lphenoliccharamd@mdaed in
t hat the anmount of dligeraant is 0.05 - 5% based on the phenolic
conpound enplo Use of the resols prepared in accordance with
Clains 1 to 6 for the production of acoustic and thermal insulating

mat eri al s. of \gh S r£p L-pgac rq%gg ainms 1
to 6 for the gr odt@ faono£ eﬂ{@ Tedole g'rrggfi ad gﬂ (?éﬂﬁe resﬁlf
prepared in accor deheémgi th ‘to 5CFEQFm§3hP (RF B 1em o GEOUStE ANd oans.

10. Use of the resghéribePahsdiabBidgcRatancgiuith Clains 1 to 6 for the
production of |am nates.

8. Use of the resols prepared in accordance with
Claims 1 to 6 for the production of wood
materials.

9. Use of the resols prepared in accordance with

Claims 1 to 6 for the production of foams.

10. Use of the resols prepared in accordance with
Claims 1 to 6 for the production of laminates.

* [ L M S *
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