Z}? 875 The present invention relates to a process for separating higher
néuecular wei ght constituents from phenol polyners, in particular to the
Separation of higher-nolecular com” pounds from optionally substituted
phenol / formal dehyde condensation products. Phenol polyners are ver
i nportant raw materials for the production of moul ded articles a357nﬁﬂﬁdlng

conpounds, protective coatings for nmetals or insulating materials in
g;gplmatlon Wi th epoxy resins. In the recepnt_past, they have gained

rtance in new fields of application, “for exanple, as fire-resistant
fibers, as support materials for ion exchangers or as binders in copying
naterials, such as photoresists. For- these new applications the poly- ners
nmust, however, neet higher requirenents. Commercially avail abl e phenol
pol ymers contain certain amounts of |ow nolecular constituents, which for
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serious disadvgmméges¢hlparproéhatsaffects t he appllcatlon of phenol

pol ymers at el evated tenperatures, for exanple, their use as photoresist
bi nders. At tenperatures above about [err] the photo- chem cally produced
structures sté?heQQﬂfP%MY%%E%s&?%bV?rYvwmzﬁﬁtiﬁﬁkﬁﬂﬁ)%ﬁﬁ?ﬁb@$$|€@én§hepoor

resol ution. production of moulded articles and moulding compounds,
protective coatings for metals or insulating materials in
combination with epoxy resins. In the recent past, they
have gained importance in new fields of application, for
example, as fire-resistant fibers, as support materials
for ion exchangers or as binders in copying‘méterials,
such as photoresists. For these new applications the poly-
mers must, however, meet higher requirements. Commercially
available phenol polymers contain certain amounts of low-
molecular constituents, which for a number of uses bring
about disadvantageous effects. Thus, the processing of

_ phenol polymers at elevated temperatures causes serious

(2 environmental problems due to the high vapor pressure of
the low molecular weight constituents, so thaf expensive
exhaust appliances must be installed. Furthermore, the
relatively high content of low molecular weight compounds
is responsible for the low softening temperature of
phenol polymers. This serious disadvantage in particular
affects the application of phenol polymers at elevated
temperatures,.for example, their use as photoresist
binders. At temperatures above about 140 °C the photo-
chemically produced structures start to flow undesirably,
which leads to an insufficient, poor resolution.
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0£§§7 875 From EP-A 0 144 880 it is known to performa fractionated

pr&ci pitation of novolaks in order to separate off unde- sired, |ow

mol ecul ar wei ght constituents. For this pur- pose, the novol aks are

di gsolved in a suitable solvent -and reprecipitated by addi ng agpz3®i grsant.
This process ne- cessitates a careful selection of the appropriate solvents
or precipitants and a strict observance of the correct tenperature, in

Xr de¢ ito be able to achieve reproducible-r2sults. In DE-A 32 22 485

(equi valent to US-A 4,348,471), acid- free resins are described. Novol aks
are treated with bases, for exanple, tertiary amnes, in order to renove,
by neu- tralization, the acid added for the preparation of the novol aks. No
fractionating wfod Nep DOVE! BES 80 dBSCid Datbwr ttd\erfiynefor erddwei om €sd of
this invention to provide a ocess, f.or separating hi gher nol ecul ar_wei ght
consti- tuent PHEORIAAAD ﬁgéy'?\%‘f%];a]?% It RFden Hoiss %’%t%f#la?"%m ng

gpod .hgat. resisﬁtm,e,lhcﬁw hinch_tbma;icwg&rgwicgmswﬁt'l eh Lmr NEH e U ~ vei ght
Istribution ra e. 1S O ect 1S achl ev oVl S I Nnitl

Goooribed oroBiE; thE hfRitils Sl LAY Mhidbid ddiVedt and

sol vent medi umegmigﬂtaﬁeﬂ\ hsztaedd"ﬁa'ug ias pﬁeaégpimﬁ.odyhisarm@ss enewi th
ammbnia or an eae@élecahééé?% té?:xafetfl{lersee:ﬂe%t?io% Y£E 'Eh%”?ag&dx%éieifa&é YoM ts
ammoni a and am ne, the precipitate 1'S separated, dried, 17 appropriate, and
treated with SFueFesipditantsh@ndha rstguict mbssxvianse afs the (eEPE a1 :

washed and dr tshpeba® Wdanint cxdeteto BrAiapngd gy aicm@wrzge}swdif@imt or

an organi c solvent m xture. The solution is preferably mxed with 1 to 40
mol e percent &f ia or amne. The precipitate is preferably taken

In DE~-A 32 22 485 (equivalent to US-A 4,348,471), acid~
free resins are described. Novolaks are treated with bases,
for example, tertiary amines, in order to remove, by neu-
tralization, the acid added for the preparation of the
novolaks. No fractionating of the novolaks is described.

It was therefore the object of this invention to provide a

process for separating higher molecular weight consti-

tuents from phenol polymers, in order to obtain a material

having good heat resistance, a high molecular weight and a
L narrow molecular weight distribution range.

This object is achieved employing the initially described
process, wherein the phenol polymer is dissolved in an
organic solvent medium, the solution obtained is mixed, at
room temperature, with ammonia or an amine, such that
there is a stoichiometric deficiency of ammonia and amine,
the precipitate is separated, dried, if appropriate, and
treated with agueous acid, and the resulting sediment is
filtered off, washed and dried. The organic solvent medium
used is an organic solvent or an organic solvent mixture.
The solution is preferably mixed with 1 to 40 mole percent
of ammonia or amine. The precipitate is preferably taken



0 7 875 -3- up in an organic solvent nmedium which step is followed by a

treatnment with an aqueous acid. “The invention is illustrated by reference

to the attached di agrams obtained from gel perneation chromatography (GPC

diagranms). Figure 1 represents a GPC di agram of an un- treatedgphsnog?s

pot ymer (recorded by means of a commercial- |y avail able gel perneation

- chromat ograph), with-the nole- cular weight (M being plotted against the
cukation index (n) which is anal ogous-t® +he quantity indicating the

f¥€quency of the individual nolecules. Figure 2 repre- sents the GPC

di agram of the sanme phenol polyner, which has, however, been subjected to

the treatnent according to this invention. It is clearly visible that the

peaks in the | gy mlgﬁuﬁ%&ﬁg 1y &80 Spndldy RE derdPXbwed sy Of

the curve shown in Figure IS shifted Int rection of iIncreased
nol ecul ar melg%tEreﬁ@m?%E whkk Q?rﬁﬁu?¢ﬂﬁr%ﬁkﬁrcﬁ nol ecul ar wei ght
distribution is fairly narrower. The term "phenol polyner" denotes pol yners

havi ng phenolic hydrgég groups.  In particular, a condensatlon product gf
optional |y subSR®ttR S abkl Y TR 1R P e TERAD &Ry, ththi dtrache
corresponds todi&gx@mmeéhtaimédnﬁfbm (T 5] p&rdeatndﬁndﬁrdmutdgzaphjEWGQC

are 1 dent cal At dhhes o0k 88t SETRLS: IVAONST Y o B P i un-

unbranched al k
. treated phenol polymer (recorded by means of a commercial-

ly available gel permeation chromatograph), with the mole-

N cular weight (M) being plotted against the calculation
index (n) which is analogous to the quantity indicating
the freguency of the individual molecules. Figure 2 repre-
sents the GPC diagram of the same phenol polymer, which
has, however, been subjected to the treatment according to
this invention. It is clearly visible that the peaks in
the low molecular weight range have disappeared. The maxi-
mum of the curve shown in Figure 2 is shifted in the di-
rection of increased molecular weights. At the same time,
the range of molecular weight distribution is fairly

narrower.

The term "phenol polymer" denotes polymers having phenolic
hydroxy groups. In particular, a condensation product of
optionally substituted phenol and formaldehyde is employed,
which corresponds to the general formula I

OH
. Rl R2 _
in which

Ry and R, are identical or different and denote
hydrogen and/or branched or unbranched alkyl

groups having one to nine carbon atoms.



_g&éﬁps havi ng one to nine carbon atons. 0 237 875 -4- Preferably, [err]
defot es a hydrogen atom and R2 denotes a branched or unbranched al kyl chain
having one to four carbon atons, in'particular a nethyl group or tertiary
butyl group. Exanples of preferably enployed phenol polyners irclagk 875
novol aks of phenol, cresol or tert. butyl phenol and form aldehyde. A
survey of these conpounds Is given in "Chem stry and Application of
el--:i c- Resins", by A Knop and W Schei-b,4 Springer Verlag 1979. The
ph¥nol pol yners which are suitable for the purposes of this invention are
constituted by recurring units of iden- tical or different structural
conposition. The process according to this invention can generally be

enpl oyed for tlpgeFepamiki,on of high nolecul ar weight con- stituents from

pol yners posse S|n phenalic dr ox rou s he nmol ecul ar wei ght of the
phenol pol yner %EH & Behgy 5§ gt ¢ materials for the process of
this inven- tin |ﬁemoteseatmmamedeﬂyoanummmamchemlhlk?ﬂedhaﬂu'Hawnﬁg is

determ ned by t E%rugku%%u chE egQ%&Elvqnpgg¥ggEu§gq Y delegygont ent  of

| ow nol ecul ar wei g compounds erence ven to ymers hHaving a
mol ecul ar wei ght ogrnﬂpeOrh&#rséerYTW@twﬂopépupen of hlgher mol ecul ar
wei ght constituents which can be separated off by neans of ‘the process

accord-
_ Examples of preferably employed phenol polymers include

novolaks of phenol, cresol or tert. butylphenol and form-
N/ aldehyde. A survey of these compounds is given in
“ "Chemistry and Application of Phenolic Re51ns" by A. Knop
and W. Scheib, Springer Verlag 1979.

The phenol polymers which are suitable for the purposes of
this invention are constituted by recurring units of iden-
tical or different structural composition.

The process according to this invention can generally be
employed for the separation of high molecular weight con-
stituents from polymers possessxng phenolic hydroxy
groups.

The molecular weight of the phenol polymers which can be
used as starting materials for the process of this inven-
tion is not restricted by an uppér limit. The lower limit
is determined by the structure of the respective polymer
and by its content of low molecular weight compounds.
Preference is given to polymers having a molecular weight
of more than 500.

The proportion of higher molecular weight constituents

which can be separated off by means of the process accord-
ing to the invention in general varies between 99.5 and 50
percent by weight, preferably between 99 and 60 percent by



to the invention in general varies between 99.5 and 50 percent by
merght pref erabl y .between 99 and 60 percent by 0 237 875 wei ght,
relative to the weight of the starting phenol polynmer. In the process of
the invention, the organic solvent me- diumfor the phenol poly 7 875
suitably conprises organic solvents, such as acetone, nethyl-ethyl ketone,
met hyl - isobutyl ketone, the nmethyl, ethyl, propyl and butyl esters of

LG acid, nethoxy-propyl acetate, nethyl gl ycol and al cohols, for
ex#npl e, ethanol, isopropanol and butanol or m xtures of these conpounds.
The sel ection of the appropriate solvents depends on the structure and

polarity of the respective ghenol polyners. If ap groprl- ate, the sol vent
medi um can al so¥EdAPEFnTBRBEANE SPghRPCYeAEhENeE, ther SEaRRpPE, Phenol

hydrocar bons, spehymérn-hexane. In the process according to the present

I nvention, an or- ganic solution of the phenol polyner is treated with
ammo- nia or an amne, such that there is a stoichionetric defi- ciency of
ammoni a or ani nén thepprbceskyofl thesisuppbien, ttineé ohgsniceableehtcaeses

an interaction t p d C en,
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si ze, this intes® vethresuchsa$naaep¢ee;pmathYITQMhzﬁ khboheghaethﬁlecular

wei ghtt consti t ugglutydekegsnd hothe Rkt ecgéﬁflw%ﬂ&ﬁyfoaﬁalwems remai n

in solu- tion, and thus_a se aratlon ta ditionis
preferably effé%?%ﬂrﬂr%%wﬁgé hﬁda¢§dcomet¥¢¥ﬁmﬁFQE¥1c#@F%St%rpW%EF%iTat|on

|§~paused glycol and alcohols, for example, ethanol, isopropancl
and butanol or mixtures of these compounds. The selection
. of the appropriate solvents depends on the structure and
Sl EL polarity of the respective phenocl polymers. If appropri-
o | ate, the solvent medium can also contain unpolar organic
solvents, for example, hydrocarbons, such as n-hexane.

In the process according to the present invention, an or-
ganic solution of the phenocl polymer is treated with ammo-
nia or an amine, such that there is a stoichiometric defi-
ciency of ammonia or amine, respectively. It is supposed
that this treatment causes an interaction between the
acidic phenolic groups and the basic nitrogen, although
other explanations are not excluded. Depending on the
molecular size, this interaction results in a precipita-
tion of the higher molecular weight constituents, whereas
the lower molecular welght constituents remain in solu-
tion, and thus a separation takes place.

The addition is preferably effected dropwise and is con-
tinued as long as a precipitation is caused.

l"-
/
The amines, which can be used in the process of this in- //
vention apart from ammonia, are compounds which have an

acid constant PK, of more than about 6, measured in an



Tﬁé}anines whi ch can be used in the process of this in- vention apart from
amtoni a, are conpounds whi ch have an acid constant [err] of nore than about
6, measured in an 0 237 875 -6- aqueous sol ution at about [errg
Preference i s given to compounds whose [err] exceeds about 9 (f2c@37dB§ to
"Hand- book of Chem stry and Physics", pp. D147 to D149, 58th edition,
1977). Suitable am nes include, for exanple, nono-, di- or tri- alkyl

es; such as ethyl am ne, propyl am ne, °butyl am ne, dinethyl am ne,
det hyl am ne, dipropyl amine, di- butyl amne, trinmethyl am ne, triethyl
amne, tributyl am ne, ethylene diam ne, cyclohexyl amine or piperidine.
Particular preference is given to triethyl amne cyclo- hexyl am ne, .
pi peridine or aahgbuAesdiakine. attaboutl 85 5635Pb¢ée¥en99elﬁ1EﬂUﬁastof t he

above amines. Zhg seaasn&ﬁaséosxof éﬁéeéagta%uewaﬂa& PE%gOEoO"HEB%-

phenol pol ymer_in.general rangés®between ab . é wei ght,
preferably betReek 8509?9815ﬁ6Y4Bnﬂe?hY§éﬁ§'byPRE|Bh47 F@IQ%ﬂge P8thhe

wei ght of the s@itibgep IBg7apount of ammoni'a or amine used in the process
accord- ing to this invention preferably varies between about 1 and 40 nole
percent, relative to the initially introduced phenol polyner. In the

process accordsugtabléhamihesemhébudetheoﬁheﬂ@hppalymano-afHEF bavted-been

di ssolved in t | ol ; n | S € C re at
foom tenper a- THrEt ‘@l fefp sudfi s oEnyfoaRind ordplf abink) PBLER
amine, dimethyl amine, diethyl amine, dlpropyl amlne, -di-
Y butyl amine, trimethyl amine, triethyl amine, tributyl
amine, ethylene diamine, cyclohexyl amine or piperidine.

Particular preference is given to triethyl amine, cyclo-
hexyl amine, piperidine or ethylene diamine. It is also
possible to use mixtures of the above amines.

The concentration of the initial organic solution of the
phenol polymer in general ranges between about 1 and 50
percent by weight, preferably between about 5 and 40 per-
cent by weight, relative to the weight of the solution.

The amount of ammonia or amine used in the process accord-
ing'to this invention preferably varies between about 1
and 40 mole percent, relative to the initially introduced
phenol polymer.

In the process according to this invention, the phenol
polymer, after having been dissolved in the organic sol-
vent, is, as a rﬁle, directly treated, at room tempera-
ture, with the amine or ammonia which is optionally dis-
solved in the solvent émployed for the phenol polymer. The
pPrecipitate is separated off by means of a'centrifuge or
filter system and mixed with an agueous acid solution,
optionally after an intermediate drying step. Subsequeﬁtly,



sq/ Ved in the solvent enployed for the phenol polyner. The precipitate is
separated off by neans of a centrifuge or filter systemand mxed with an
aqueous acid solution, optionally after an internediate drying $t§3?
Subsequent |y, 0 237 875 -7- the sedinment, which is now free Ffr 875

| ow- nol ecul ar wei ght constituents, is dried using conventional nethods. The
treatnent of the organic solution of the phfnpl poly- mer with anmonia or

t amine is performed at roomtenpe- rature for a duration of 0.5 to 5
hddrs! but usually one hour will be sufficient to achieve satisfactory
separa- tion. Treatnment of the precipitate with aqueous acid can be

effected by direct treatnent of the dried substance. It is, however,
preferred firstth® segbmept:Hehiehcisiren L1ee Fram ko tneleGekar ieaight and

then to treat idonéttwenes)siacaslied adInE Scoivant ichl B netKlsag| e
I norgani ¢ or organic acids, such as hydrochloric acid, nitric acid,
sul phuric acid, acetic acid, a.s.o., in their aqueous fornms. The added

amount of the darhelitreotmantdoflefios osr ganid sclutidn £ atie pleensl apodo e
whi ch has been : hef I | 4 0 L i -
enpl oyed, rel ate S'gl e%d%%a‘%ﬁéoﬁm%ﬁ%olﬁ eorff%ﬁnée?\‘ie.gtﬁ\?% ?%“r%pe
exchangers can zattwecfanal durakisy 0f \0 fortd iDhdratsy e peably ape

process accor difyg t Gy f1e Y %ie%i%tﬂ@%&lﬂ% éa%%%f#oﬁe@% separa-

unconpl i cated separation of ecul ar wei ght ynmers from
| ow ol ecul ar Wei®ht consti - -
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Treatment of the precipitate with agueous acid can be
effected by direct treatment of the dried substance. It
is, however, preferred first to take up the precipitate in
an organic solvent medium and then to treat it with

agueous acid.

Examples of suitable acids are inorganic or organic acids,
such as hydrochloric acid, nitric acid, sulphuric acigqd,
acetic acid, a.s.o., in their agueous forms. The added
amount of the acidic compound depends on the amount of
ammonia or amine, which has been added before. In general,
a slight excess of acid is employed, related to the added
amount of ammonia or amine. Acidic ion exchangers can also
be used successfuliy for liberating the phenol.

The process accdrding to the present invention allows for
an easy, uncomplicated separation of higher molecular
weight phenol polymers from low molecular weight consti-
tuents. The polymers obtained in this way are color- and
odorless powders which, compared to the starting materials,
have increased molecular weights and narrower molecular
weight distribution ranges. The substantial improvements
achieved by this invention in respect of the thermal and
mechanical properties of this kind of polymers, such as



t@:ﬁts. The pol yners obtained in this way are col or- and odorl ess powders
yhﬁbh, conpared to the starting materials, have increased nol ecul ar weights
and narrower nol ecul ar wei ght di stribution ranges. The substanti al
i rprovenent s achi eved by this invention in respect of the therGred3Zar&75
mechani cal properties of this kind of polyners, such as 0 237 875 -8-
glass transition tenperature, filmformation, tear strength, and the Iike,
ﬁ@ obvi ous. Additionally, a |ibe- ratidh & nonomers or other |ow

eclil ar wei ght constitu- ents upon heating of the polyners treated in
accordance with this invention, is conpletely prevented. Thus, no problens
occur due to inpurities or sanitary hazards. The present invention
furthernore rellatsss tranfsitdian temperatiugieng fiile Hoghat ionl,etigaar wei ght

constituents qle AN, BOld/ TS 1 1 Ol R 1858 ORLNIRALTHLOY LG shae

process of this in I on, 0Ssess snDne ecul ar

wei ght and a Eafien gnfawwg tqrowtﬁ:@rtpéput u\péepnénrt Weighdr thrﬁ!@tMéhml

pol ynmer. SpeCiedltsPhonf %%%Q‘i%g' %fg't\‘x‘én FB yme%%t 2R3 tWa0se ATEFRahide
nmol ecul ar wei ght i s_ i,ncr.eased a . fac about 3 and whose gl ass

transition telpébatBis F§Vﬁﬁéﬂﬁﬁbedsbf°gpﬂ&GFé¥ grexgatedr. FhusyoRQ he

phenol pol ynepsodenisdiodguiro dulai Tol AGNriielesmoy dhRd ta@yooMRds Gar.e
prepared enpl oyi ng known nethods. Suitable fillers include inorganic
m neral materials, such as |linmestone or glass fibers, or- organic materi al s,
such as moodfTberprBsentoihhentaoh Ehathbhmopbenelapebymbrfractions

v/ comprising the higher molecular weight constituents of
phenol polymers, which have been obtained employing the
process of this invention, and which possess a higher
osmometric molecular weight and a higher glass transition
temperature than the starting phenol polymer. Special pre-
ference is given to fractions whose osmometric molecular
weight is increased by a factor of about 3 and whose glass
transition temperature is increased by a factor of about
1.5.

From the phenol polymers according to this invention,
moulding compounds are prepared employing known methods.
Suitable fillers include inorganic mineral materials, such
as limestone or glass fibers, or organic materials, such
as woodflour. Due to the fact that the phenol polymers
employed are virtually colorless, the moulding compounds
prepared in this way'can be dyed with a much wider range
of colors than the materials known so far.

The increased glass transition temperatures of the phenol
polymers employed result in an improved heat stability of
the products made from these polymers.

The invention will be described in greater detail by the
following, non~limiting examples.



e@oyed are virtually colorless, the noul di ng conpounds prepared in this
- way can be dyed with a nmuch wi der range of colors than the materials known

so far. The increased glass transition tempgerature of the phenoy 9} yges s
enpl oyed result in an inproved heat stability of the products nmade from

thése polyners. The invention will be described in greater detail by the
fol | owi ng, non-Examglerdl exanpl es. -9 - 0 237 875
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val ues of the untreated novo e novo- |I'ak treated 1 n accordance
with this investt gioom temparatiute.unt r eat ed am ne/ aci d

23 g of the novolak treated in this way are dissolved in

250 ml of acetone and then dropwise stirred into 2.5 1l of
aqueous HCl having a strength of about 5 %. The precipit-
ated polymer is sucked off, washed with distilled water
until neutral and dried in vacuo for 24 hours at room tem-
perature.
Analysis values of the untreated novolak and of the novo-
lak treated in accordance with this invention:
treated with
untreated amine/acid
osmometric
v molec. weight 1,180 3,690
glass transition
~ temperature °C 88 _ 126
M, (from GPC) 1,400 3,300
M, (from GPC) - 13,300 18,050
non-uniformity
(from GpC) 9.5 5.5

M, denotes the number average molecular weight, and M,
denotes the weight average molecular weight. The non-
uniformity is defined as the guotient M, :M,.



snonetric nol ec. wei ght 1, 180 3,690 gl ass
Ea'nsition tenperature [err] 88 126 Mh
from GPC) 1, 400 . 3,300 Jerr] (fro
13, 300 18, 050 non-uniformty (from GPC) B339 61
9.55 5.5 M denotes the nunber average nol ecul ar wei ght, and
[err] denot es the wei ght average nol ecul ar (%elght The non- uniformty is
ined as the quotient [err] 0 237 §7§' 10 - Exanple 2 150 g of a
rcially avail abl e novol ak (Al'novol PN 430) are dissolved in 700 m of
i sopropanol . Gaseous ammp- nia is blown into the solution with continuous
stirring at roomtenperature, until no further precipitation is obser- ved.
The nixtureifixamgk&xﬂfor anot her 10 m nutes, then the precipitate is
filtered off f 3 vol ak
alrybv\g 1 ‘éﬁlérﬂn = fﬂlapo ax}aﬁ.%%rﬂi%a@@volja@ (H1vdie o

treated in this SSO

acetone and precipitated,
with stirring4¥tbmze digsolvad |inTd0G &y|af dForsenanelis C%éserﬂé‘gi VATRPP i -
stilled water mapd e i ethtia ﬁl‘%ﬁlﬂblfdﬂlo?ﬂwh&w s:oaitzamoemoemtwmg)fatso

C. Anal ysis val ues of the unt r eat ed ,novol nd of the .nova- t d

according to IRPTHREREF LSy Jn etr?\}e dﬁr‘rt?\gé:atpé'&%p[lh 2t¥or s SRS
ved. The mixture is stirred for another 10 minutes, then
the precipitate is filtered off and washed with 150 ml of

'isopropanol.

‘\—Jf
100 ml of the novolak treated in this way are dissolved in
. 200 ml of acetone and precipitated, with stirring, from 5
e 1 of 1N H,S0,. The resulting novolak: is washed with di-
stilled water and then dried in vacuo for 24 hours at a
temperature of 30 °C.
Analysis values of the untreated novolak and of the novo-
lak treated according to the process of this invention:
_ treated witn
untreated amine/acid
. osmometric )
- molec. weight | 800 2,400
glass transition
temperature (°C) . 89 121
M, (from GPC) 1,400 4,000
M, (from GPC) 6,900 20,800
non-uniformity 4.9 5.2




uégbeated ani ne/ aci d osnonetric nol ec. wei ght 800

2,800 glass transition tenperature [err]- 89

121 [err] (from GPC) * 1,400 4,000 [err] (from
GPC 6, 900 : 20,800 non-uniformty -

4.% 5.2 0 237 875 - 11 - Exanple 3 50 g of a SorfRdr &7 1y

avai |l abl e novol ak (Al novol[err] PN 320) are dissolved in 300 m of ethyl
EKfﬁa;e and 200 ml of n- hexane. Thereug\(m_1 6 M of triethyl amine are
SuiAred in dropw se at roomtenperature. €n the addition is com pleted,
stirring is continued for another 10 mi nutes, then the precipitate is
filtered off and washed with 150 m of the solvent conposition. 30 g of the
novol ak treated in this way are dissolved in 100 mM of acetone and
precipitated, E*BBPd€iBring, from3 1 of 1IN strength HCl. The novol ak

ZZdLnent ren?iabna atfarcw&&aFagawu haﬁh&lhbhédnbgbﬁékifAdhb@dlpnPNaGQQ)fOF
ours at [err nal ysi s .val ues .of .t unt r eat ed, npgvol a of t novo-
| ak treated byafkeéﬁﬁ8§i¥§daéeosépn&ltB%tﬁgbyﬁnegﬁF?gﬁ:aPEegﬁgdﬂ% P%en— -
unt r eat ed heriane/. acflevenpont, r iscmiobéctriekhpl amine are stirred 655
2,360 dropwise at room temperature. When the addition is com-
pleted, stirring is continued for another 10 minutes, then
the precipitate is filtered off and washed with 150 ml of

the solvent composition.

(v
30 g of the novolak treated in this way are dissolved in
100 ml of acetone and precipitated, with stirring, from 3
1 of 1N strength HCl. The novolak sediment remaining after
washing with distilled water is dried in vacuo for 24
hours at 30 °C.-
Analysis values of the untreated novolak and of the novo-
lak treated by the process according to this invention:
treated with
untreated amine/acid
— osmometric _
molec. weight 655 2,360
glass transition
temperature (°C) 71 80
M, (from GPC) 1,060 2,800
M, (from GPC) ' 3,640 7,275
non-uniformity : 3.4 2.6




g§§§s transition tenperature [err] 71 90
[eFr] (from GPC) 1, 060 2,800 [err] (from GPC)
3,640 7,275 non-uniformty 3.4

2.6 0 237 875 -12- Exanple 4.125 g of a novol ak resin prepargddy @4 d
coindensation of a mxture of m and p-cresol w th fornal dehyde are dis-
solved in 400 m of a mixture of ethyl acetate and hexane (2:1 parts by
votung). 22 ml of piperidine are then addedl2Zir-opwi se while the solution is
vgOrously stirred. The precipitate is renoved by suction and washed with
sol vent conposition. To check whether conplete precipitation has been -
achi eved, another 12 ml of piperidine are added to the filtrate. No

preci pitation o 40 g of the isolated sedinent are dissolved in 100 m
of acetone andggégéak%égadded, with stirring, to 3 1 of 1IN strength [err].
The sedi nent i $3%-9 mf &l nevakak ims ingaerarad b acd § r?qmagf(l\%%ﬁ :

28 9) dAnal tysi tsﬁvaﬁmz@‘ dﬂfﬂq?urgd@fi;&%téyaaoh?&ha{f@draﬁlzd?yatwmté alg 4+ eat ed

.accoral ng 0 € Process o IS nvent i on: rea W U rea

amine/ aci d osm¥aEd o440 ‘@ei‘%ﬁta mixture of etiyll,a&f’(}ar]‘e and q‘e"a’t% 350
gl ass transiti artlegaartat wye wdQume ). 22 ml of pipgtidine are then HiRled
dropwise while the solution is vigorously stirred. The

precipitate is removed by suction and washed with solvent

_ composition.
\v
To check whether complete precipitation has been achieved,
another 12 ml of piperidine are added to the filtrate. No
precipitation occurs. 40 g of the isolated sediment are
dissolved in 100 ml of acetone and dropwise added, with
stirring, to 3 1 of 1N strength B,S50,. The sediment is re-
moved by suction, washed and dried in vacuo. (Yield : 28 g)
Analysis values of the untreated névolak and of the novo-
lak treated according to the process of this invention:
treated with
LJ untreated amine/acid
osmometric -
molec. weight 1,070 3,350
glass transition
temperature (°C) 87 128
M, (from GPC) 1,350 3,800
M, (from GPC) 11,600 16,200
non-uniformity 8.6 4.3




[ern] (from GPC) 1, 350 3,800 [err] (from GPC)
11600 16, 200 non-uniformty 8.6

4.3 - 0 237 875 -13- Application Exanple 1 Production of a noul ding
conpound from a high nol ecul ar wei ght novolak and hexamet hyl eng bgyr gHgne:
35"p.b.w. (parts by weight) of a high nolecul ar wei-ght novol ak, prepared
according to the process of this inven- tion as described in Exanple 2 from
atonpercially avail abl e phenol resin (Abnpyo+ PN 430), are well mxed with
5@’ biw. of hexanethyl ene tetramine, 50 p.b.w of woodflour, 15 p.b.w. of

| i mestone, 1 p.b.w. of zinc stearate and 1 p.b.w of magnesi um oxi de.
Further intimate mngling of the individual constituents is achieved by a

cal endering tr 9 PSﬁf I8 Igtl[err]. Then the com position

pr econdensed f _treatnment is finely ground and_ noul ded
at a tenperat (Feodectier]ofiny moplébngireongouwnd fxgrere. higk nelerndarine is
about 1 m nut §;Pednd AVOiak AWRE KekLHESPrend | LédAmBhel eSts of the

noul ded articles produced in this way give the follow ng results: Bending
strength: 80 N mmR2 Tenperature of deflection [err] under |oad (Martens):

These val ues d;srtﬁm.sxs.rvax e(pdre fdpp e Plot he m%?elmstpecupaakﬁei?ue to

their increased s transition tenpera- tur the temperature_o

def | ecti on L”Kﬁﬁéﬁfgkyig;%gﬁﬁﬁ&)accégging to' the procegg S thfs Cinven-

' tion as described in Example 2 from a commercially -
_ available phenol resin (Alnovol® PN 430), are well mixed
v with 5 p.b.w. of hexamethylene tetramine, 50 p.b.w. of

woodflour, 15 p.b.w. of limestone, 1 p.b.w. of zinc
stearate and 1 p.b.w. of magnesium oxide. Further intimate
mingling of the individual constituents is achieved by a
.calendering treatment performed at 100 °C. Then the com-
position precondensed due to the calendering treatment is
finely ground and moulded at a temperature of 160 °C and
a pressure of 100 kg/cm2, The heating time is about
1 minute per 1 mm of layer thickness.

Utilitarian tests of the moulded articles produced in this
way give the following results:

Bending strength: 80 N/mm2
Temperature of deflection 140 °C
under load (Martens):

These values demonstrate the advantages of the novel no-
volaks: due to their increased glass transition tempera-
ture, the temperature of deflection under load is consi-
derably higher than the values which can conventionally

be achieved with compositions of this kind, i.e., about

70 N/mm? and about 125 °C.



[

dggably hi gher than the val ues which can conventionally be achieved with
compositions of this kind, i.e., about 70 N'[err] and about [err]. 0 237
875 -14- Application Exanple 2 Preparation of a photoresist u5|nqﬁﬁ hi
nnlecular wei ght novol ak possessi ng an increased heat Stabl|lt q;gm
-of "a hi gh nol ecul ar wei ght novol ak prepared from a cresol/fornaldehyde
condensate by neans of the process of this_invention, and 3 p.b.w. of the
qufrhflcatlon product obtained froml mol & 4of 2,3,4-tri hydroxybenzophenone
3* nol es of napht hoqui none- (I, 2)-di azi de-(2)-5-sul fonic acid chloride,
-are dissolved in 45 p.b.w of nethyl-ethyl ket one and 45 p.b.w. of ethanol.
The solution obtained is filtered through a filter having a pore dianeter
of 0.2 [err] aAgpdiicatdeont @kamplle 2 super- ficially oxidized silicon mafer

SUbj ected to cBRERAFa5IDE Bhe® kSRR tesorathia nlabohibl eskifs bt
for 15 secondsnavola¥nposisessing eh 4nsrnaspdrhpata5tabsln¢w and is

devel oped with a solution containing 5.3 p.b.w. of sodiumnetasilicate, 3.4

p.b.w. of trisodium phosphate and 91.3 p.b.w. of water. _The resultln% |nage
pattern has a rdsBltt-Wenodf aabdgh molecular weight novolak prepared fro

a cresol/formaldehyde condensate by means of the
process of this invention, and
3 p.b.w, of the esterification product obtained from-l mole

N of 2,3,4-trihydroxybenzophenone and 3 moles of
naphthoquinone-(1,2)~diazide~(2)-5-sulfonic acid
chloride,

are dissolved in
45 p.b.w. of methyl-ethyl ketone and
45 p.b.w. of ethanol.

The solution obtained is filtered through a filter having
a pore diameter of 0.2 pum and spin-coated onto a super-
ficially oxidized silicon wafer and dried. The resulting
layer thickness is about 1.7 um.

The wafer is subjected to contact exposure through a test
mask, exposure being performed for 15 seconds with an
intensity of 4.5 mJ/cm2, at 365 nm, and is developed with
a solution containing 5.3 p.b.w. of sodium metasilicate,
3.4 p.b.w. of trisodium phosphate and 91.3 p.b.w., of
water. |

The resulting image pattern has a resolution of about

1.0 pm.

Then the structured resist layer is baked for 30 minutes
at 150 °C. A microscopic examination of the resist struc-

tures does not reveal any rounding-off of the edges nor
flowing of the resist lines.



i?bx[err] Then the structured resist layer is baked for 30 mnutes at [err]
Asr croscopi ¢ exam nation of the resist struc- tures does not reveal any

roundi ng-of f of the edges nor flowing of the resist |ines. 0 237 875
-15- In contrast thereto, |layers which contain the customary, t Eft
novol ak binders no | onger exhibit clear struc- tures after beiﬁg at in

the way descri bed above. The structures show rounded-off edges and are nuch
wder than they were initially. In some plgces, there is even observed a
opymati on of webs between the individual 1 ites. - 16 - _ 0

237 875 CLAIMS 1. Process for separating higher nol ecul ar wei ght consti -
tuents from phenol polyners, characterized in that the phenol polyner is

~ dissolved in an organic solvent nmedium the solution obtained is m xed, at
room t enpe- raflor contirels tarhherietcor layens whichycentadn tthe cystomary,

stoi chi ometri Cuﬁ%frie%it‘ae'acﬁo%limin@eﬁ*s HY N®ndlelte RV tdlerd Struc-
separated, dried, if appropriate, and treated vvithgzé%ueo%segaci dvand t he
resul ting sedi FEKES 3iter; dedddiea s iy tg.‘ﬁ"d“&?i scribed ahdyesss as
clained in clarkel steetadied ishesh irbun@d-off edges and are much wider
than they were initially. In some places, there is even
observed a formation of webs between the individual

lines. - -



‘-

= | : : _
t hexorgani c solvent nediumis an organic solvent or a - solvent m-xture. 3.

Rigtess as ' ' \“I\ﬁ 1, characterized in that the solution is n xed
wi t h aboUt\\“lm\““ﬂlm cent of am’rogifs. or amine, relative aoz%ﬂea,yglenol
polymer. 4.« rocess "as®cl aimed i,n claim 17°characterized in that e dfied
précipitate is taken up in an organic sol-.vent nediumand then treated

wi th aqueous acid. 5. Process as claingdh i claiml, characterized in that
- thie phenol polynmer is a condensation prud%tf of, op- tionally substituted,
- Bhendl and fornal dehyde. 6. Process as claimed in claim1 or 3,

~characterized jn pRgteddCreR §6pd Sa €i kP Vit X bt Th AR ATHIE0 USo 5L 1=

Lion, of Lerr) has, e of! . s8rBlotls Lt nels TG SDALEDRU B TendE eSS
triethylam ne. 8.the qulkesohspalymerdis ndidsolwed ain Gn chrgaciersakdenth t hat
the amne is pi petﬁécﬁjilﬂﬁ, the solution obtained is mixed, at room tempe-
rature, with ammonia or an amine, such that there is a
stoichiometric deficiency of ammonia or amine, the
precipitate is separated, dried, if appropriate, and
treated with agqueous acid; and the resulting sediment
is filtered off, washed and dried. - -

2, Process as claimed in claim 1, characterized in that
the organic solvent medium is an organic solvent or a

solvent mixture.

3. Process as claimed in claim 1, characterized in that
the solution is mixed with about 1 to 40 mole percent
of ammonia or amine, relative to the phenol polymer.

4. Process as claimed in claim 1, characterized in that
the dried precipitate is taken up in an organic sol-
vent medium and then treated with aqueous acid.

./ - 5. Process as claimed in claim 1, characterized in that
the phenol polymer is a condensation product of, op-
tionally substituted, phenol and formaldehyde.

6. Process as claimed in claim 1 or 3, characterized in
that the amine is a compound which in an agueous solu-
tion of 25 °C has an acid constant pPK, of more than

about 6.

7. Process as claimed in claim 1 or 6, characterized in
that the amine is triethylamine.

8. Process as claimed in claim 1 or 6, characterized in

‘that the amine is piperidine.



