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| MPROVED PROCESS FOR THE PREPARATI ON OF

ADVANCED RESI NS The present invention relates to a process
for the preparation of an advanced resin by reaction of a

conpound havi WY B84 er age nore t han one epoxy group per PCTEPSH0BCcul e -
and a conpound having on average at |east one 5 hydr oxyl group and
preferably aromatic hydroxyl group or car boxyl group per nol ecul e
in the presence of a catal yst at elevated tenperature, the process
conpri sing m xing t he epoxy conpound the conpound havi ng at | east
one nucl eophi | e bearin I ve dro and the catalyst and 10
transferring the m xture as yP%QXE s??% ﬁ@@lﬁBEPARATIcm'§E}face t he
reaction substantially taking place on AEMANCED RESINBViI ng surface.

Epoxy resins are well known in the art. In conmbi nation wth a
suitable curing agent they result in 15 thernosettin rod cts how ng
superij or toughness, The' prefeRf cLpveRst R Hrl@refehp ?e%? 8§ES|on
and el ect r imadpgragpient bésan advanced resIhebstéacmﬁmrofc yapes of
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process known as the epcxypgbagbund, Othé asBrpede Akvind Nats Udastn onegr adi ng

or advancengnl) JU3G93S neldt iRl Xc@fhd HyldrBybY, | 134 ¢hd §8c3q%%¢e ana
10 transferring the mixture as a feed stream to a moving

surface, the reaction substantially taking place on the
moving surface.
Epoxy resins are well known in the art. In

combination with a suitable curing agent they result in

15 thermosetting products showing superior toughness,
chemical resistance, heat resistance, adhesion and
electrical properties.

The most common types of epoxy resins are those which

are based on bisphenol-A and which contain 1,2-epoxy

20 groups. These compounds can be made by reaction of
bisphenol-A with epichlorohydrin. The reaction is often
carried out in such a way that liquid reaction products
are obtained, but higher molecular weight semi-solid and
solid products are also produced in this way. Another

25 process to produce higher molecular weight semi-solid and
solid resinous polyepoxides is a process known as
“upgrading” or “advancement”. In such an upgrading or
advancement process, usually an initially liquid resinous
polyepoxide is reacted with a dihydric phenol in the

30 presence of a catalyst until the required amount of the



pol yepoxide is reacted with a di hydric phenol in the 30 presence of a

catal yst until the required anount of the WO 97/ 40084

PCT/ EP97/ 02003 - 2- di hydric
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wei ght to tweodgmsds ed | evel . It wll be apprepcmERsoRdoat said
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cycle tines, incledingsensiangssareus 3,919, lisppacdl Ug 4mtza,|azael .y Inesgthy.
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reaction i s nore oca I sed dq eats
will cause adversgufficient to produce the resinous epoxy compoun of

15 higher molecular weight. The catalyst is usually added
either to the starting reaction mixture at the relatively
low temperature or after heating of the reacting mixture
to the reaction temperature.

In such known batch and continuocus upgrading

20 processes, however, cycle times, including dumping, are
typically relatively lengthy. For example, batch
processes involving bisphenol-A and a liquid polyepoxide
consisting essentially of the diglycidyl ether of
bisphenol-A can take from 4 to 20 hours for the reaction

25 to be completed. Further, the homogeneity of temperature
in a large kettle reactor is complicated by heat
transfer, i.e. the heat of reaction is more difficult to
control and localised high heats will cause adverse
reactions to occur, e.g. crosslinking and/or gelling.

30 Furthermore, the reaction may continue during dumping
when the conditions are less controlled, resulting in
different conditions for different batches and thus in
different product properties for each batch. The
continuous process using a pipe reactor described in

35 US 3,919,169 involves a shorter reaction time in the



reactions to occur, e.g. crosslinking and/or gelling. 30 Furt her nore,

the reaction nmay continue during dunping - when the conditions are
| ess controlled, resulting in different conditions for different
at ches and thus in di fferent product properties for each batch.
The " WOerThWBbus process using a pipe reactor descri BEHEPS7/02093

US 3,919, 169 involves a shorter reaction tinme in the WD 97/ 40084
PCT/ EP97/ 02003 - 3- order of

about two hours, but in a continuous process Pt woul d be highly
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15 distribution and concomitant viscosity characteristics
are not properly controlled.

Another possibility to produce advanced epoxy resin
is the use of an extruder process. However, there are
numerous disadvantages to such a process. The investment

20 costs are relatively high, the more because high
performance extruders are needed (to avoid any stagnant
zoneg) . Further, a relatively high effort is needed to
operate the extruder, maintenance is cumbersome and the
product quality is not optimal, especially due to gel

25 formation (gel particles which do not dissolve in MEK).
These gel particles may result irn a low guality cured
product. Another disadvantage is the relatively short
residence time in an extruder (typically up to five
minutes). This short residence time results in the need

30 to use relatively high catalyst concentration to complete
the reaction, as illustrated in US patent 4,612,156.

It is in addition observed that, depending on the
intended use of the advanced resin, in some cases the
upgrading process is preferably carried out in the

35 absence of a solvent in order to avoid solvent stripping



25 formation (gel particles which do not dissolve in MEK)

These gel particles may result in a low quality cured pr oduct .

Anot her di sadvantage is the relatively short residence tinme in an
extruder (typically up to five m nutes).- This short residence tine
results in wos7maesd 30 to use relatively high catal yecrepsmeensr at i on
to conpl ete the reaction, as illustrated in US patent 4,612, 156.
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The process of the presen SV 8%
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15 product is an epoxy compound or a hydroxyl or carboxyl
compound. The above described problems, however, hold for
all end products.

The process of the present invention solves the above
described problems. Short reaction times are sufficient

20 (reaction times are usually in the order of up to 1 hour
‘at most), relatively low capital requirements are
necessary and a constant product consistency is obtained.
Operational costs are low when compared with the known
processes. These advantages are obtained by mixing the

25 reactants, transferring the mixtﬁre, to a moving surface
at a suitable temperature to form a reacting layer and
allowing the components to react on the moving surface.
Optionally further heating and/or cooling may be applied
to the reaction mixture on the moving surface to create

30 the desired temperature profile. It will be appreciated
that an ideal plug flow is obtained in this way,
resulting in the high product gquality.

Thus, the present invention relates to a process for
the preparation of an advanced resin by reaction of a

35 compound having on average more than one epoxy group per



20 (reaction tinmes are usually in the order of up to 1 hour at

most), relatively low capital requirenents are necessary and a
constant product consistency is obtained. - Qperational costs are | ow
vhen conpared with the known processes. These advantages are
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of equally consistent quality.

It will be appreciated that the reaction between
components to be transferred on the moving surface may
alternatively have partially taken place. However,

20 according to preferred embodiments, substantial reaction
between the components before transferring to the moving
surface, is avoided.

In the above process the mixing of the epoxy compound
and the hydroxyl éompound (preferably phenolic compound)

25 or carboxyl compound is preferably carried out as a
continuous process. The two components are preferably
mixed as ligquid components. Mixing may be carried out by
methods well known in the art, e.g. in one or more simple
mixing chambex, but is preferably carried out in a device

30 which mixes the ingredients intensively in a short time,
e.g. a conventional mixer, an impingement mixer, an
extruder, a high shear mixer or static mixer. It will be
appreciated that the mixing of reactants and catalyst may
be performed in more than one mixing stages using more

35 than one mixers, which may be the same or different. It



of equally consistent quality. It wll be appreciated that the

reaction between conponents to be transferred on the noving surface
may alternatively have partially taken place. However, 20

according to preferred enbodi nents, substantial reaction bet ween

t he conponew®9iMdb8dre transferring to the noving SPUT/EF® /02005

avoi ded. In the above process the m xing of the epoxy conpound
and the hydroxyl conpound (preferably phenolic conpound) 25 or
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15 ‘or thereafter. In the case that one of the components is
a solid, the temperature of the two components may be
chosen such that a solution is obtained having a
temperature as mentioned above. For instance solid
hydroxy reactant of ambient temperature may be mixed with

20 liquid epoxy compound of e.g. 150 °C. In the case that
the two components are mixed at the minimum reaction
temperature or above this temperature, it will be clear
that mixing and deposition should be carried out fast to
prevent any premature reaction as much as possible.

25 After mixing, the reaction mixture is transferred to
the moving surface, preferably in a continuous way. The
mixture may be simply poured onto the surface or may for
instance be sprayed or dropped onto the surface. A
convenient way is a simple pipe or a number of pipes,

30 which pipe or pipes may be fixed or moving. Another
possibility is a single or multiple nozzle system, which
may distribute the feedstream as a flow or as a spray. In
general these techniques are known in the art. The
thickness of the layer is suitably between 1 and 20 mm,

35 preferably between 2 and 5 mm, especially 3 to 4 mm.



between 60 and 240 [err]C, preferably between 80 and 220 [err]C,

nore preferably between 100 and 190 [err]C at |east partly by usi ng
preheated reactants. Heating may be applied during m Xi ng

(i ncludi ng heat generated by the m xing process) 15 or thereafter. In
the case thatWQREPH4 t he conponents is a solid, thePGIARIEPPUre of
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surface e.g. a plate, a moving belt (the top layer being
the moving surface), a disk or a flat ring. Preferably
the surface is a continuous belt or endless conveyer -

20 belt, as described in e.g. US 4,389,357. Preferably a
continuous stainless steel belt is used. The dimensions
of the belt are not relevant for the principle of the
invention. The width of the belt may be from a few
céntimetres.to several meters, depending on the desired

25 capacity. The length of the belt may be between several
meters up till several hundreds of meters, depending on
speed of the belt, reaction time and desired capacity.
Usually a belt width of 0.2 till 5 meters, especially
between 0.4 and 3 m, and a belt length of 10 to 100

30 meters, especially between 40 and 80 m, will be suitable.
The moving surface is in at least one direction
preferably horizontal or substantially horizontal, i.e.
less then 3 degrees deviating from the horizon,
preferably less than 1 degree. In the case of an endless

35 conveyer belt this holds also for the other direction.



has a fixed position and the surface is a noving surface. Thi s

makes it possible to carry out the reaction in a conti nuous way. It
i s of course possible that the 10 feedstream as well as the surface
are moving. The noving surface is preferably a continuously
novi ng sur f woo74e088 hough an intermttently noving surfacePCI/EPI70203s al so
possi ble. Mire preferably, the surface is conti nuously noving at
the sane speed. The surface itself 15 may have every possi bl e shape,
for instance it mght be a drumor 8 plate, but preferably the
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deposi ting the refifigientivupiabn the tagpezagure of the mixture will
15 increase. In the case that the temperature of the
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reaction mixture is too low to start the reaction,
additional heating means are necessary. In the particular
case of bisphenol A and the diglycidyl ether of
bisphenol A, the starting temperature sufficiently high
20 to reach the exothermic phase is between 110 and 125 °C,
usually about 120 °C. After a first set of additionmal
heating means, a second set of additional heating means
may be used, especially to keep the reaction temperature
sufficiently high to finish the reaction in a relatively
25 short time. Suitably the temperature of the deposited
layer is heated in such a way that the temperature is
between 120 °C and 220 °C, preferably between 140 and
200 °C. It will be understood that the temperature
increase of the deposited layer will be the combined
30 effect of the heating and cooling means and the
exothermic reaction. Depending on the thickness of the
layer and the own cooling capacity of the moving surface,
it might be necessary to install additional cooling means
in order to prevent that the temperature reaches values
35 at which decomposition of the product could occur. In



there is no need for physical agitation of the m xture, e.g.
stirring or mxing. Thus, no back m xi ng occurs, resulting in a
product quality of extreme high 5 uniformty. If desired ultrasonic,
soni c or subsonic radi ation may be used to inprove the honpgeneity.
The reacti on WO24984 ysual ly will have a tenperature PCHEPAOEN3 20 and
260 [err]C, preferably between 80 and 220 [err]C, nore preferably
bet ween 100 and 190 [err]C. To control the 10 reaction rate additional
heati ng means may be installed to incPease the tenperature of the
reaction m xture. Igeneral coolhmg m@mm%@ﬂummdjbeohsaivhdtﬂhﬁtashetheaction
IS exot he”Pe%ct%Bﬁ BE fiﬂutéq%cctegast ghpes @t Lgs%)séc%.ally 220 °C

sufficiently high, era ure ture wi |ncrease In
the case that the ﬂ'@’ﬁ?e?&?&?éa%h’tw °C. Nearytheterfh f iher BoVingoo low to
start’ the reaction,surface thaddéidtoiml grediicngiseprsf afgbliecesiadytola the

parti cul ar S hﬁgg! dpgly . _athe

bi sphenol A5 t he st q@%ﬁggtg%pg?a U:Efgﬁggmégggtlgg éé&?%ﬁéilg Foe?éwreach

t he exot hernic pha$® i°§ bBPHRePSRAGLAHY briopepf] us, thgsgalig about
120 [err]C. After pdddust &hicRfisidtbidlaialbbtained af@dt idi®liRgneana second

set of additional %%%&'199bg992r§?¥ed frcf"l ;ﬁ% é’;Hr#sed especially to keep the

reaction tenperature I Ci én 8“F1nish the reaction in a
relatively 25 shofuitphde IRating yeahs asapbntrarredfradietaspossther
I[aye]r Ci S gef;tz Sd[i n g:‘d&lbv&n¥\6¥ Igé@ﬁlﬁélﬁnéaefﬁiggat:ldéeba& side é)fot?et E@eﬂaT’J@O
err an err efer et ween and . . err Clt
wi Il be understood E§5§P§ﬁag g é%?a ureel or elecg{h %%se 6?%aﬁé g%l?%d
| ayer will be the msfwéaemmert) gFamss o Phd deawatrr @rplded antheans

and the emtakersrme bLa€Eh ogurﬂa%@nﬂbaslﬁg Iﬂé@ié hinfek k@23 1Ak hésns
| ayer and the own ofel, ng agac It dof t Toving, sur aE 2 |t m ght
be necessary to |ns &l PP onsF S RgWRedRsthe literature,, foF

prevent that the temﬁ@ﬁaFarenr@a%he%ennﬂ,u@QeBShemlcahIEwgmnﬁerd§candbookon
of the product coul d oggEr rehBtion betweenOh7£4808%ompound and the
PCT/ EP97/ 02003 hydroxyl compound or the carboxyl compound should
preferably take place on the moving surface. Preferably
less than 50 percent of the epoxy groups of the starting
20 epoxy compound have reacted before the mixture is
deposited onto the moving surface, preferably less than
20 percent, more preferably less than 5 percent, even
more preferably less than 2 percent. Depending orn the
.specific type of the resins to be advanced a certain
25 degree of pre-reaction may be allowable.

If necessary, an easy way to prevent reaction before
deposition onto the moving surface is to keep the
temperature sufficiently low, e.g. below 120 °C. The
temperature profile applied to the reaction mixture, and

30 depending on the starting temperature of the mixture,
the heating and cooling means and the reaction heat,
should be such that at least 80 percent of the
theoretical conversion has been achieved, preferably at
least 95 percent, more preferably at least 98 percent, at
35 the end of the reaction cycle.



-9- general cooling neans should be used in the case the
reaction tenperature exceeds 240 [err]C, especially 220 [err]C,

nore especially 200 [err]C. Near the end of the noving surface the
reacti on product is preferably cooled to a 5 tenperature suitably

bel ow 100 [ worg7@posespeci al |y bel ow 60 [err] C, nor @CxgEpeam2003l y bel ow
30 [err]C. Thus, the solid product which is usually obtained after
cool ing can easily be renoved fromthe surface.

Suitable heating nmeans are infra red radiatb®s; a hot 10 gas oven or

heating nmeans at the vﬁf&-ﬁ!‘tﬁbd’ée%ti&? l%Jrcfoﬁ’@Qete or suB@daHﬂ::.@qalEﬁd st eam
oil or electricit Sui t abl e

are. (i nert ses or
oil or water appl%/%‘EP]ﬁf'et hék‘e reacu%éd?&"sﬁ“&@ &f ?i%oﬁ?ﬁf%ﬁ:ézo“{%g’%%ng means
and cool i ng neansfrom the swmirifehecaln becheisedearé &noendless Helt ttdvist mey,

for 15 i “Staﬁg%%‘pér[‘ alitldmabeELY1y ”&rQWI‘s‘éalneEHQhﬂéﬂ r&éﬁ@%ﬂ}o%e

The reaction bet epoxy conpoun droxyl conmpound
or the carboxyl ce?RDUERI XSAGYRJthe reaCtJﬁ?’éPé'PQHFﬁ t%k%‘“ptPad?:]éa %Yt K€ novi ng
surface. Preferabktgach the enldes&mpéﬁaltﬂﬁfh far bentoolihdetlopmoprigigoups of the

starting 20 SROCEUPRURTNBLEL L FOGS RRLRES blie SladIcod3

deposited onto the 'nbving surtace, prefe ess't nE);ercent,
nmore preferably |B&dng AR 2156 Eén‘t‘se@ven nore preferably | ess than
2 percent. Dependi ng THe tdpdxy resinsSised fdsC stppeing waeerisl nh tthebe

advanced g, certai rgs’ent mtv%%%%ﬁ ﬁ{an&’%eﬁ %%Veopn”ye%gé"rkég’j&a@h%

| f necessary, an F AP T EA eposition
onto the noving sglf*¢ac%ul|t§btld REeperfl 1.5, prefegapéyattirkeasli fi-ciently

low, e.g. bel ow 128a¢eivd G,2Tepoxy groupd gEemailecalpt ofhése agphiyed to the
reaction m xture, cf_‘%md 30 s r?gf ggggdbg‘ge o, ta%rghg %hngotgn'&geaft l*ra%l?(f t he

m xture, i ng means e Feattyon heat,
shoul d be such thep %@ Soeel'glreB@rSGﬁEéhin#P fife 2.5, reactiwerktd-@HOXY

conver si ofis has begrowsd i gutecholRicallel aPhesatepoxy compbfads &npes cent, nore
preferably at Ieast gﬁ%P%§%%P%bl%&e§§c, satuég%é%ngrohngggur§?gé'On CyCIe
aliphatic, cycloaliphatic, aromatic or heterocaromatic and
may be substituted, if desired, with other substituents
in addition to the epoxy groups, e.g. hydroxyl groups,

20 alkoxyl groups or halogen atoms, especially bromine
atoms. It will be appreciated that also mixtures of epoxy
compounds can be used.

Suitable epoxy compounds are the reaction products of
polyphenols and epihalohydrins, polyalcochols and

25 epihalohydrins, amines and epihalohydrins, sulphur
containing compounds and epihalohydrins, polycarboxylic
acids and epihalohydrins or mixtures thereof.

Preferred epoxy compounds are the reaction products
of polyphenols and epihalohydrins, of polyalcohols and

30 epihalohydrins, polycarboxylic acids.and epihalohydrins
or mixtures thereof, the reaction products of polyphenols
and epihalohydrins especially preferred. Illustrative
examples of epoxy compounds are described in for instance
The Handbook of Epoxy Resins by H. Lee and K. Neville,

35 McGraw-Hill, New York (1967), Epoxy Resins, Chemistry and
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- 10 - When the reaction is conplete or substantially

conplete, the reaction mxture is allowed to cone off fromthe
surface. In the case of an endless belt this nmay .

aut omat i cal | YWOR¥®84\\i se nechanical neans may be 5 é%"@'@"’f”é’%ve t he
reaction product. A suitable way to reach the end tenperature is by
cool ing the noving surface at the underside with water, but other
cool i ng means can al so be used. B - The epoxy resins used

as starting nateriféchnmoXdyy,l@dited byeSekt Naw,eMarcelgbakket | {1 deBie amd
average more than Chemlstryo%%d Fdchably Qto#. ?g?gcyllzém cef e pbly vy d east

1.7, reactlve 2-e E ese e ox
corrpounds gener al | LR 'e érgﬁ Bl o&GPr‘IfreéTséPé‘B y {1993 up to 5,
nore preferably up to Epdxy rcempburds 102-puosdeular 1ntegeet|pSn peiie ol ecul e.

These epoxysconpouﬁg§cfﬁg%gﬁlthe Fogﬁ {ﬁﬁéﬁ%l n AQk iﬁﬁé'&l?ﬁfgfﬁ ted or

unsat ur at ed atic aromatic or aromatic
and may beSSpss |Q§Jt’%{fphiep°éle§?¥‘%%“n‘%ﬂ't PagttAculanbyt thefht s

in addition to thecenosyndy aepiesengedhydrgendrall Termuld0r, al koxyl
groups or hal ogen atons, especially brom ne atons. It wll be
appreci ated that al so m xtures of epoxy npounds can be used.

Sui t abl e epoxy conpoemeeXaris Geia - Peégﬁlz%(@f)déizﬁ%x@f"\ CeX40) nyfdl yphendl s
and epi hal ohydrins, polyal cohols and 25 eplhalohydrlns am nes and

i hal ohydri d d
ol yoarbowyl 1o 1R Which ¢ repseBRhELI OLICTRA Sehnl pBE YRRIDN <t

Preferred epoxy cofpbefrrendeantiye 1Peactimﬁlermodmﬁr9carbon grofp dﬁ‘ﬁﬁmﬂeﬁol S
and epi hal ofiydri nsto0f @EotpeH calalss paéfaﬁably mediylehehydr i 8Spropyli-

Feast  on products 5960 yahnal S0 8% i8S B ar ot A 1y

preferred. |1l ustr@a®Yakent bond, erghpKeindgp lyosobrdsoger. dus@lkydd

in for instance group Hdleirdandieeok ehrEPR>rdiesi Prel¥rhbliefediidl Kor

Neville, 35 MEGTAJGH e ARUYQr k{960 FRRORSRES! Da UG LIV anc
15 average value of 0 to 12, preferably 0 to 2. More

preferably A is isopropylene, X is hydrogen or bromine,
especially hydrogen, and n is up to 0.2.
The average epoxy equivalent weight (EEW, weight of
resin in grams containing one mol equivalent epoxy) is
20 suitably from 140, preferably from 160, up to 3000,
preferably up to 950, more preferably up to 450, still
more preferably 185.
Especially preferred examples of the epoxy compounds
are bisphenol A and bisphenol F, especially bisphenol A,
25 type epoxy compounds having an average epoxy equivalent
weight of from 160 to 200. They are commercially
available from Shell Chemicals Europe and Shell Chemicals
Corporation (USA) under the trade names EPIKOTE and EPON.
Further especially preferred examples are brominated
30 bisphenol A compounds which for example have an epoxy
equivalent of from 200 to 800.
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Technol ogy, edited by C. A My, Marcel Dekker (1988) and Chem stry
and Technol ogy of Epoxy Resins, edited by B. Ellis, Blackie
Academ c & Professional (1993). . Epoxy compounds of particul ar

I Nt erest - Nwio¥5/40084 practice of the present inventi onpcuaEeemiz003

di gl yci dyl ' et hers of bi sphenol conpounds, particularly those
conpounds represented by general fornula I,
GO-(err]Xerr]-A-Cerr]Xerr]-O - 12 -

(CHerr]CHOH)CH err ] e 9 I n
which G represents abgﬁgégy‘ﬁg’{)ﬂu eéog‘{ Ea%ﬁe%gk?]; 95%:&‘?31 e@ox? novzlac

i ndependent |y i s ¥&SdPval Eﬁ? Wlbéﬁ’r"&}ﬁcg%ﬁbnﬁa%mdml oRgyained pY g carbon
atons, prefer abI yeﬁetlimgenpr@feramm dpylthe presence deha baCio) catalyst; S-

=SS, -9(0)- 9 [ 8681 amO&x otas ium ﬁg&?&ﬁﬂﬁe,b (gﬁ%%lio%yhggﬁpendem ly
I s hydrogen, an al’ avi n carb t onb preferably
met hyl, oPf e. gharesg@hlob%x%mam YAtk BRe nEe N RRdengadenchaian 15

aver age val ue of aQdehyd2, prefefainaldehiyde?. ablir€ither a mqmbhfydlrabl y Ais

i | X |l
SO0 OPYI GNS: X pheli¥d] °ge§heﬁ%€“e@2’g§%§&§%:5qu.'53?9?#@1'& s e VAR

of resi n Furtfeandetahlai conapmradnbhechatyke and ayeppratiopoof
sui tably from 14@hepeckbpbapl NobsDies Gasive £an308lobtained mpmahababky up

to 950’ q&r e pref %‘ég:%g%gngiasgn45§1?%séﬂé Iot:her refer dr'x‘c,eeéjr eefn‘?:r:.%?xle)é %

Especi al | prefer es of e epoxy |spﬁenol

A and bi sphenol F, eJpechBPY§-merpirnes eROXYSComPOU!‘!%ecaép@,@yoééﬁﬁﬁaﬁds
havi ng an aver ageemeshseibwal 6 the preparation of epoxy resins from a

compound containing hydroxyl groups by reacting such
compounds with an epihalohydrin in the presence of a

15 suitable catalyst and reacting the resultant intermediate
halohydrin ether with a basic acting substance such as an
alkali metal hydroxide. It is observed that many of the
epoxy compounds to be used for the production of the
modified resins of this invention are commercially

20 available.

The preferably used aromatic hydroxyl group

containing starting compounds in the present invention
have on average more than one, suitably at least 1.5,
preferably at least 1.7, reactive hydroxyl groups per

25 molecule. Preferably the number of aromatic hydroxyl
groups is between 1.8 and 2.3, more preferably between
1.9 and 2.1. These aromatic hydroxyl compounds may be
monomeric or pblymeric and may be substituted, if
desired, with other substituents in addition to the

30 ‘hydroxy groups, e.g. alkoxyl groups or halogen atoms,
especially bromine atoms. It will be appreciated that
also mixtures of hydroxy compounds can be used. Further,
it is also possible to use mono-aromatic hydroxyl
compounds, resulting in (partial) end-capping of the

35 epoxy compound.



wei ght of from 160 to 200. They are comrercially avail abl e from

Shell Chem cal s Europe and Shell Chem cals Cor poration (USA) under
the trade nanes EPI KOTE and EPON. Further especially preferred
exanpl es are brom nated 30 bi sphenol A conpounds which for exanple
have an epoxyW09740084 equival ent of from 200 to 800. PCT/RRBT/6299%,0084
PCT/ EP97/ 02003 - 12 -

Furt her useful epoxy conpounds are epoxy novol ac resins. The epoxy
novol ac resins can be obtai ned by redéting, preferably in the

presence of a basic catBlysirative exampl@s SOGrdMadhcPRYyEESky Bdundsde,
an epi hal ohydri n, L cll.or. ' |t S| ndensat e
of an al de%%.e"?esésxé]fgb?&(;ﬁﬁa?gghgg%?&g%d T‘eMlet Egr ngérgn%ﬁg%%&

phenol, e.g. phenoRegiBe|®y by LeepapghiierNeviddenoMcGraw-Hill Filfeshforket ai | s

concerning the Bat megappl Eﬁcﬁﬁﬂdbm@tfii?ﬁ,othemistrg ahHES‘@cEﬁ@XUg)QPVéﬁii&féﬂh by
resins can pe obtajn n 0 poxy ~Resins_an e ot her
r ef er.ences %ention dgab%ﬁ¥ItMErCé1'DegkerTﬁgﬂg of@ﬁngﬁFW6ﬁ€ﬁyéﬁb y conpounds
can be obtained  TechnolggyrehEpemywRestns frsligedpbyaBi oBl bis efbackiesi ns
froma ds with corrneaﬁéxlnfﬁr%aefafr&sltiﬁaamxyisﬁ)qwfs by geactl ng 'S;JCPN
conmpounds Wi an epi ohydrin in the presence a sui tabl e
catal yst and reacting THh&" tens%{i}ygﬁgxynfzgwﬁgmfcﬁ é’% par%lcu?ﬁ’f o’r&kﬁﬁﬁftetfﬁér
with a basic actinghsubseserte igwentionasnclude bisphleapbl sewpdudkdels oxide. |t
i s observegpt hat nBEi‘thf:uii}.el&( {those cBRBIYNGS RYPHREEnt 8abBy Usssk £0r the

110)

production of the Ified resins of this invention are
commercially 20 formyla | Lhe. The preferably used aromatic
hydr oxyl group contai ning starting conpounds in the present

preforably at |eastolot i mad e Nearon fALfboet haC XSy RSt 1 a1
wherein each A independently is a divalent hydrocarbon
group having 1 to 8 carbon atoms, preferably methylene or
isopropylidene, -C(0O)-, -O-, -8- , -8-S8-, -S8(0)-, -S(0),-
15 or a covalent bond, each X independently is hydrogen, an
alkyl group having 1 to 4 carbon atoms, preferably
methyl, or halogen, preferably chlorine or bromine, and n
has an average value of 0 to 12, preferably 0 to 2. More
preferably A is isopropylene, X is hydrogen oxr bromine,
20 especially hydrogen, and n is up to 0.2. Aromatic hydroxy
compounds which are very suitable for the process of the
present invention are commercially available, for
instance under the general names bisphenol A and
bisphenol F.
25 The average hydroxy equivalent weight is from 140,
preferably from 170, up to about 3000, preferably up to
950, more preferably up to about 450. Esgpecially
preferred examples are bisphenol A and bisphenol F,
especially bisphenol A, having an average hydroxy
30 equivalent weight of 160 to 200.
Illustrative examples of suitable carboxyl compounds
are described in for instance The Handbook of Epoxy



25 nol ecul e. Preferably the nunber of aromatic hydroxyl groups

is between 1.8 and 2.3, nore preferably between 1.9 and 2.1. These
aromatic hydroxyl conpounds may be nononeric or polyneric and may
be substituted, if desired, with other substituents in addition to
the 30 - wbywdamsy groups, e.g. al koxyl groups or hal ogeRCHEPIT®2003
especially bromne atons. It will be appreciated that al so

m xtures of hydroxy conpounds can be used. Further, it is also
possi bl e 'to use nono-aromatic hydroxyl -~ 1% - conpounds, resulting in

(partial) end-camekigsobytRe 3&e and KepiryilbeapiiuGraw-Hill, N B9*¥K0084
PCT/ EP97/ 02003

Il lustrative exaéﬁ?gg)be At e %ydF@f&lggﬁ%oﬁﬁ%k?ecéﬁ%logyérgdﬁggzﬁpbed
in for instance Thé.HYAWboMRr &7l Bskkpr (1988) zpdFRemiFtay BBE and K.
Neville, MG aw HechnohNeyy YOf kEpoxy Resitit)6&dit&pay HRedllds, CBeatkiey and

Technol ogy, edited .5 A , | Dekker (1988) and Chem stry
and _ % Techﬁﬁ?gévlﬁf& %ﬁ%%%%iég%é,‘ggP?Zd by B. Ellis, Blackie
Academi ¢ & Prof essi ofarbeipbsgompounds of Par¢¢€M£%#ciQEﬁmﬂﬁﬁyféénbb%nds of

parti Cugar ilgt er @lesk@t inventiod NEreP=0%mAt itN¥LAA DibHatalcudarbosphesol
compounds, ac1B3 T SU ALk Ye s, ComRaunds T epr egented by gensy al
HO-Clerr] X[ err] - Adcdder rhi[ 8t iphal (Cidicrarbowy O M &ds | BopmcipXflerr] - A-Jerr
1 X[err] Oyerr] - Hguitable aké phthalic aci§r eRefRERaYid NiGRERACRAI Y IS a

et e e "+12ha, cpppn gFE SR ydohl e RN BT oY
-S(Oferr]- 15 aliptataccgvaupnis FonidnesachliXyl ngepemdantainigghkdiegen,
an 12 carbon atoms.

It will be appreciated that optionally mono-epoxy

15 compounds, mono-aromatic hydroxyl compounds and/or mono-
carboxylic compounds may be added to the reaction mixture
in order to control the amount of reactive end groups in
addition to one or more polyfunctional compounds. For
instance, the amount of epoxy groups in an advanced

20 epoxy resin may be controlled by the addition of a
certain amount of phenol or cresol or benzoic acid.
Examples of mono-epoxy compounds are glycidyl esters of
carboxylic acids, especially tertiary carboxylic acids as
VERSATIC acids (VERSATIC is a trademark), and optionally

25 substituted benzoic acids. Examples of mono-phenol
compounds are p-tert.-butyl phenol and nonyl phenol.
Examples of mono-carboxylic compounds are optionally
substituted benzoic acids and tertiary carboxylic acids
as versatic acids.

30 Suitable catalysts which can be employed in the
reaction of the present invention include quaternary
ammonium compounds, quaternary phosphonium compounds,
sulphonium compounds and mixtures thereof. Suitable
quaternary ammonium compounds include tetramethyl

35 ammonium chloride, benzyl trimethyl ammonium chloride,



al kyl group having 1 to 4 carbon atons, preferably met hyl , or

hal ogen, preferably chlorine or brom ne, and n has an average val ue
of 0 to 12, preferably 0 to 2. Mre preferably A is isopropylene, X
i's hydrogen or brom ne, 20 especially hydrogen, and nis up to 0.2.
Aromat i ¢ hydrwQy7/40084 conpounds which are very suitabl e PESWERFIB2083 ocess
of the present invention are commercially available, for

i nstance under the general nanes bi sphenol A and bi sphenol F. 25
The average hydroxy equival ent weight is froA,140, preferably from

170, up to about_BQQQetHéxﬁheraa\mOmuﬁ Eﬁlorlde, t2QetMRnS 1 PaRhER A Y Up tO
about 450. Especia err ]ﬁgq-gh%ghengl A and

p
bi sphenol F, hy&’é% ’e‘%? aﬁqcﬁ OdeE enofm%t@%avﬁ g an ‘average hydroxy 30
equi val ent wei ght oaph608m4£§KH$U1ta le quaternayy adupxaapr Bes et

sui t @bl e carboxyl ¢REPEEEdSor example atﬁyﬂeﬁﬁmﬁm phbephbAst@nce The
Handbook of Epoxy ?

PCT/ EP97/ 02803 -chloride, \ggomlde or -1od1de, or -qutlc acid co¢g%ﬁﬁﬁ3 by
H. Lee and K. Nevi berzyMGipherl phoNphoNbuk-chloride ©Ex96PyomEgexgr Resi ns,
Chemi stry and TechngLggye, e@léttledj:ul?)frl phos hoti vin J@M:oﬂﬁécﬁkogﬁﬁg%r(]-QBB)
and Chem stry and !H?no og% EE Resi ns, edlt b%,B. Ellis,
Blackie 5 Acaddffiids: Bt sf phegeqr. Suitable sulpnohigy,
conpounds of parti cakalysns eirestiudeotthtipeurea catalystseris itrvzanetnyhre

aromatic ang ali ph%?ﬁsuféa b%w"-calmethyl tﬂfaﬁg a Vef xv'swlbﬁtahmafﬁl&fwtlc

di- and tri-carboxyli acl ds _and ti'c di carboxylic aC|d
Especial |y 10 agd; pixreres @ metd e §E+BEt¥§ﬂﬁ§pﬁpﬂthEe§cFH EFH%HW
al phaonmega di car bopykcorabrphatar fagitterndebaihs tieference isamagdate ctigr oup

is a linear alkyl gLeyp,cEOt@dthel GB the above i iN2a@hAMBbooks and
in US 5,310,854, EP 467,278, US 5,360,886, US 3,919,169,

15 US 3,341,580, US 3,477,990 and the references cited in
these documents. A suitable group of catalysts are also
peralkylated amino imino diaza phosphorin compounds such
as 2-t-butylimino-2- diethylamino-1,3-dimethyl perhydro-
1,3,2- diazaphosphorin. See e.g. US 5,063,252. The

20 catalyst is employed in any amount which is satisfactory
to catalyse the reaction between the epoxy compound and
the hydroxyl compound. Suitable amounts are from 0.01 to
3 weight percent, more suitable between 0.01 and 1 weight
percent. More preferred amounts are between 0.01 and

25 0.2 weight percent of catalysts based on the combined
weight of the reactants. The catalyst is preferably used
in the form of a concentrated solution, for example in an
alcohol. It will be appreciated that also mixtures of
catalysts can be used.

30 A preferred group of catalysts is formed by
quaternary phosphonium compounds and quaternary ammonium
compounds. A more preferred group is formed by the
quaternary phosphonium compounds and most preferably
ethyltriphenyl phosphonium halide.



It wll be appreciated that optionally nono-epoxy 15 conpounds,

nono- aromati ¢ hydroxyl conpounds and/ or nono- car boxyl i c conpounds
may be added to the reaction mxture in order to control the anount
of reactive end groups in addition to one or nore pol yfunctional
conpounds: War97/40084 I nstance, the anpunt of epoxy grouperERefRe@dvanced
20 epoxy resin may be controlled by the addition of a certain
anount of phenol or cresol or benzoic acid. Exanpl es of nono- epoxy
conpounds are glycidyl esters of cardoxylic acids, especially

. boxvl i : - ) :
tertiary carboxylic agkds e solig ALl IS dofF %ﬁé?eéigﬁpf%es of

trademark), and optionally §§%s,itut, enzoj c aci S
nono- phenol ProcegPp Pinbhe aPEC FRN e VeBGAOR phlent? W68 RERFESPAENN.
Exanpl es of nono-tder koxylene ionapauntseardroplconate yuse, i.e. subski tuted
benzoi ¢ acids an lar W oXy A [ : Ver i | 30
Sui t abl e cat al ys'(tizsxtl1\(?’i/nhitelcd{iﬁi'l )éé%gég' e%%%%syle e‘:érsi a’?ﬁéor dlﬂﬁ_:ederwé'g%t %gg%gf%he
present iRventi ofAVERESe aRdaF BRAEFRLS tO Prepagan®fl Wik o fsedAgs useful
quat er nary phosplenicomtdagpoandsthe like. TheukpbeyiresirpiRodadssand
m xtures thereof. i t.ernar i C ounds i ncl ude
sl e AP FTSE pRTDAR, BTONY B A

tetranet hyl 35 e, benz trrm ni um chl ori de,

WO 97/ 40084 preferably from 400 to 10,000 and YRRy /AYROEIe

- 15 - t modleRalar FEEHAE Ube Bidd 1600, ahat 166} 0N O0lpraFeRabiP from
hydr oxi dg qand doqEﬁykcpb%ebpxlbenzyl anmmoni um napht henate. Suitable
guat ernary phosphoni um cat'al'ysts I ncl ude for exanple ethyl

tri phenyl phosphoni ufibg procesghebrihfe Pragesti daventiomdisdeuisablucetic
acid conplex,  carridgesuy! htiphholdr pRASBIGRI U Copaty dR-odbs: BEORhEe or
) odtde, Lot abu S MRS RS VAL AT SR ot ohe pRRETS o0
catal ysts as tet campompd between 5.0/1.0 and 1.0/5.0, preferably between
15 2.5/1.0 and 1.0/1.0, more preferably between 2.2/1.0 and
1.1/1.0.
The invention is illustrated by the following examples.
The reactive ingredients e.g. bisphenol A
(diphenylol-propane, DPP), the diglycidylether of
20 bigphenol A (commercially available from Shell Chemicals
Burope under the name EPIKOTE-828, EPIKOTE is a
trademark) and the catalyst are mixed at or slightly
below the reaction temperature using high speed stirrer
in a reaction vessel.
25 Example 1
A model experiment was set up to demonstrate the
inventive concept of the present invention. A homogeneous
feed was prepared by dissolving 18 g of bisphenol A in
45 g of liquid diglycidyl ether of bisphenol A (EEW 182,
30 Epikote-828) at 135 °C. The epoxy group content (EGC) of
the mixture was 3817 mmol/kg, which theoretically should
result in a reaction product having an EGC of
1350 mmol/kg. After cooling till 70 °C the catalyst
{1 mmol/kg ethyl triphenyl phosphonium iodide, ETPPI) was
35 added as an aqueous ethanolic solution (30 wt%). The



10 thiourea, N, N -dinethyl thiourea, N, N -diphenyl thiourea

and m xtures as well as thioethanol and other sulfonium precursors.
For further details reference is nade to the catal ysts nentioned in
t-he above nentioned handbooks and in US 5,310,854, EP 467,278, US
5, 360, 886, 'UIVG 9740984169, 15 ° US 3, 341,580, US 3, 477, 990PemEPY7l62003
references cited in t hese docunents. A suitable group of catalysts
are al so peral kyl ated am no i m no di aza phosphorin conpounds such
as 2-t-butylimno-2- diethylam no-1, 3-di methy? perhydro- 1, 3, 2-

di azaphosphorin. Se¢xeuge wit Hi¥Gded53veFhearibus thitawallyet hiueispiwyed in
any amount which is, gati siaM Y Ve, t t g e_reagtio ween

t he epoxy conpound gng Pagif tﬁeshgd 8§y€r%¥;éﬁﬁﬁ¥§t%%utt§b é’aﬁ% nts are
from0.01 to thigkpesgm Jér BBMt, THBr BeEiRE A e periPents. varand 1

wei ght per eaptiedodex preferred anounts are between 0.01 and 25

0.2 wei ght percent _of b d e C i ned i ght of the
reactants. %he cat gl'ésg%'@%ﬁa?ér gg‘?ycggté%& oé’r{-f%? i%ﬁ h&eP orﬁ?\l\gf&a
concentrated sol ut +8R, °FJPY MeaRH ©fi Anfra-red heatdngledove| £hej trape
appreci ated that abso exoth#m@mlqf the bottomabfl e Tre3Nwhe HE&Eed 3th such

A preferred group qf t ts I, r uat er Y, Rhosphoni um
conpounds and quatgrﬁggyégﬁiﬁﬁ}ﬁﬁfgg gggeg%%%ﬁﬁﬂﬁﬁ%F%EOWSrggére$e+?ed group
is formed by the 4 min. pdikantasy shetphempera e shedeadndr fbstthe

preferablyio rehByivé imhanite BRGRBROPLMR A UKD were measuredQn
97/ 40084 vi of e exot . PCT/ EP97/ 02003
- 16 - APY oPF {HRE SHOBEPBRyTFRE P Has been prepared by the

process of the presentAf¢rR®erm icertain periddnthy dowysedeirs cooled tille
conventional nmanner78osculdndBilysed hterobh d&mperature)Cl sBedrasi BYed,

ot o at on ; Ehe LS Mt Ue! BaBeive mixdie! Yals® aBE0" FE6! A Nas ©
15 taken as the reaction time. Analysis showed that the
target EGC value was reached within 30 minutes
irrespective of the type of reaction conditions. The
phenolic-OH content of the 30 min. product was 17 mmol/kg
(for all reaction mixtures).
20 Example 2
In a series of similar experiments an alternative
catalyst, 2-tert-butylimino-2-diethylamino-1,3-dimethyl-
perhydroél,3,2—diaza-phosphorineh was used. The target
EGC values were also reached within 30 min., again
25 irrespective of the applied reaction conditions.
Example 3
A mixture of bispheénol A and the diglycidyl ether of
bisphencl A (EEW 182, Epikote-828) with an EGC value of
3825 mmol/kg prepared in the same way as described in
30 example 1 and containing 1 mmol/kg of ETPPI was, as a
3 mm layer, placed in an oven at 170 °C with surround air
heating. After 30 min, the target EGC value of
1350 mmol/kg was found.



as coatings and the like. The epoxy resin products sui tably have an
EEW of between 300 and 50, 000, preferably from400 to 10,000 and a
wei ght aver age nol ecul ar wei ght between 600 and 100, 000, preferably
from 10 800 to 20, 000. The process of the present

I nventi on’ i sweet/iceil v carried out at a nol ar rati opEi/EPIG200H0XY
groups of the epoxy conpound and the hydroxyl groups of the

hydr oxyl conmpound between 5.0/1.0 and 1.0/5.0, preferably between
15 2.5/1.0 and 1.0/1.0, nore preferabl $8between 2.2/ 1.0 and

1.1/1.0. BReppiwention is illustrated by the follow ng exanples.
The reactive ingredients, e%% bi sghenol %h édi pheny] ol - pr gpane,

DPP), the diglycidyl €t ¥ T PisPpergh dhandatpeofhar ¢Fifyy ehliem 26l e
from Shel |l Cheni caisphenol A (EEWop82unBeikdtre s2dnewiPhKOTBE@28/alke KOTE i s

a trademagk)g aptbi gy prlephyal & HB XRthetwad’ as! 19N Mmple 1 ana
bel ow t he reaction tenI)e,r at ure “i'{ﬂg ngé]Tgé)Ieed stiftrer In a

reaction vessel . 98htaining 4gme wag BeP AxPRrIMSH was set
up to denonstrat epléeed in an oveweati Y20 cohoeph shrtrbengrabertieatniventi on. A

honbgeneous S phLepa | I.ng <1 ' ol Ain
45 g of Iiquid di’éf@%ﬁegﬁ e Eﬁgégﬁeﬁ%‘?ﬁ%&lgag ot/ PN
Epi kot e- 828) at 138u7¢y The PEOSUESoRPd 7 RELNIriCeRE FRRESNBfOL t he
m xture was 3817 mnuohmddy/kgwvhi ch theoretically shoul d result in a
reaction pgoduct | of 1350 nmol / kg. After cooling till

70 [err]C the catalyst, = (1.nmmol [ kg, ethyl tri Ehenyl phosphoni_um
i odi de, ETPPI) was 35Bisphengqéq ééqﬁhda%w?dtﬁldé’tlhé BEY coS dpiapenQI3d wt ) .
"The WO 9EPIXORE 862 and ETPPI were mixed in the mutual weight
PCT/ EP97/ 02003 : : ih 47oF m xture
g t f 5 kg batch tor.
was di vi ded over 5gr|l%%s°th?xna-m\ﬁ§'|el édlglﬁm nume oo R & prereactor
The final temperature of the mixture after stirring
15 during at most 10 minutes was 80 °C.
The mixture was poured on a flat moving endless belt
which had a width of 15 cm, a length of 5 m and upper
edges on which had been mounted, while the layer

thickness was 1, 2 and 5 mm respectively. Over a length

20 of three meters of the endless belt an electrical heating
' was applied, while a roof had been mounted over that belt
area.

The belt moved continuously with a speed of about
6 m/hr, whereas the temperature of the belt surface was
25 180 °C
The mixture was cooled after leaving the roof for
about 20 minutes. The solid resin mass could be broken
off from the end of the belt after 50 minutes.
The obtained resins showed a phenolic value of less
30 than 50 mmol/kg.
Example 8
A 5 kg batch of a mixture of the same ingredients in
the same mutual weight ratios as in example 1 was stirred
during about 45 minutes at 90 °C, during which about 1/3



trays (approx. 6.5 g per tray, dianeter = 5 cm |ayer t hi ckness
[err] 2.5 mm). Two series of experinents were carried out: 5

a: isothermal; the content of the tray was kept at 180 [err] C by
means of infra-red heating above the tray. b: exothermal; the

bott om of t'heWP9#4008s heated in such a way that anPEHEPOM@3eri al -
woul d becone 180 [err]Cin 4 mn. and kept at that tenperature
thereafter(in the 10 reactive m xture hi gher tenperatures were
measured in vi ew of the exothermal 7Te&ction). After a
certain period theofreaje seieimoolambunit! bf available/@polyr §Eolpd thanaessed
at roomterrperatur% c’igi_trarily the tinme that the reactive

m xture was above 150 err]C was 15 taken as the reaction tinmne.

Anal ysi s showed that tHae Prereactes gasspems \pPuredven tlgchade iRHing 30

m nut'es | r eadpess i pelofof examppesot -7 cagkdept ¢vadi hi Dayer W a .
phenol i c- OH.cont en 3 1 N, pr.oduct s A7 mol /.k (for a
reaction niXtures) r.th%k’t‘ggs %xaninp s w?% t6rndd: 'I_]he Isr?egdsgfi ghe 3ndfeRs o
experiments an al t BRARt V@@ about 6 w/hra| yst, '

2-tert-butylimno-2-di eh@yhiu¥e kad ¢oBREAYAfter leaving the roof for

per hydro-1, 3, 2-di aza-phosphor.i.ne used. . The target GC .val ues
were al so reached é\ﬂg?ﬁpnfgdgﬁ{%é,s '\ggz’lensﬁ id resig EPRIE Be Ii?"?fékeébpl i ed
reaction condition®ff from theenflaf Zhe belt after A0rminutesofThe sphenol A

and the di gbyci dyl oBthehe@fresin showelassBNgRGhoT & BRMAS e BRI KOl MiPi8g W th
an EGC val ue of E %38%5 nmol / kg prepared in the sanme way as descri bed
in 30 exanpl e ntaining 1 nmol/kg of ETPPI was, as a 3

mm | ayer, placed in anRovemeggnecl® [feed] @asi prepanadolmyddassolving 290.5 g
heating. After 30 BENbibPRedcd FtinFEEoV8! YeoPf1iquid-etht358s "BPsYhEhIAR
L(é#?gm?/ 02003 WEer {89°8% 1x0tE 828) at 120 °C. The EGC of the mixture is
15 3389 mmol/kg, which theoretical should result in a reaction
product having a EGC of 204 mmol/kg. After cooling till
90 °C 5 mmol/kg ETPPI (see example 1) was added. The
mixture was poured on a flat moving belt like in
examples 5-7, while the layer was 1 and 3 mm. After 1 hour
20 at 180 °C the EGC was 248 mmol/kg and the phenolic value of
less then 100 mmol/kg.
Examples 10-15 -
The proceedings of example 9 were repeated under the
same conditions except that instead of ethyltriphenyl
25 phosphonium iodide (ETPPI) the corresponding ethyl
triphenyl phosphonium-chloride, -bromide, tetra-n-
butylphosphonium-chloride, -bromide and -iodide and
tetramethylammonium chloride were used, providing advanced
resines having an EGC in the range of from 230-270 mmol/kg
30 and a phenolic value of less than 100 mmol/kg.
Examples 16-20
The proceedings of example 5 were repeated under the
same conditions except that instead of ethyltriphenyl-
phosphonium iodide (ETPPI), the corresponding ethyl
35 triphenyl phosphonium-chloride and -bromide, tetra-n-butyl



- 18 - Exanpl e 4 A m xture of bisphenol A and the

di gl ycidyl ether of bi sphenol A (EEW 182, Epi kote 828) with .an EGC .
val ue” of 3548 mmol / kg prepared in the same way as in exanple 1 and
5 contai ning 3 mmol/kg of ETPPI was, as a 3 nmlayer, pl aced
In an oven woekésdsd err] C with surround air heating. rCTAPI"20030 mi n..
the target EGC val ue of 600 mmvol / kg was found. The product had a
phenol i c- OH cont ent of 11 mol /kg. 10 Exanpl es 5-7

Bi sphenol A, -1iquid diglycidyl ether of bi gpghenol F ( EPI KOTE 862

d ETPPI th { le 1
S'cg batch in a BrePRRCRape-chiofad'® Slomice and IS Bra ol The | |

m xture after stitetiragetBylammordmialhd oxtidapwerd ustdutPelyangedg@epans] @re
Thgthmxlgurl g was l&%:&'é@ﬂeen Ha\f'ir@ aﬁ)\m@glﬁnéheslsaxb@é tof from 15Wrolh elﬁ had a
W 0 cm a n an | a een
mounted whi Lo t ASoPagpLoks =il Y ingbRite vakua of Wk Tha SR pBRL KTy
Over a Ieﬁgth 20 Examplef2ihree neters ‘of the endl ess belt an electrical
heat i ng “ﬁs @pﬁbhégendﬁ3|ﬂ%é@ %ng P@Saﬁ@ﬁ”bﬁ”&¥§§%§vQK§r1Eh€tope|t
ar ea. bel t HEFEd contlnuouslg wth a xgg of “abou

6 m hr, whereas ?ﬁéppénﬁg?ét xtgire pf dére2 ﬁr?%&xfﬁégg ic fatgyparid}|c
The m xture was deoBédgabfetidueialidigilykédydoéther of bisphembdu® 2BEWI he2 esS.
The sol id resin maykorRUbdapeali Ak, tne mocObt (KOMLNZ.ENGaGl the bel

after 50 m nutes. bt'ai ned.res| ns showed a phenolic_val ue
of less 38 62+ EGOHﬁB$/k$P1Ch theorepjgapty ghould result in 5 RFECpatch

of a mxture of t2sa7san®likgr echeerfarallyst tri-ethdmolkamemuibelratei ghs

ratios as in exanpfgl S i JURL ' 163
[err]C, during Whld%daggg tﬁ% ﬁffﬁhre was dlgyaéago@g¥nGaf¥%d§ Rl 6 wgllgg

aluminium trays. ‘The trays were placed on the belt at a

temperature of 160 °C. Two experiments were carried out, of

15 almm and 2 mm layer. After respectively 2 hours a EGC of
2528 mmol/kg was found.
Example 22

The proceedings of example 21 were repeated except that
the mixture contained 17.39 g of E828 and 12.64 g of

20 PRIPOL 1022 (trademark) respectively, and had an
theoretical EGC of 1632 mmol/kg. After two hours the EGC
was 1705 mmol/kg.

Example 23
The proceedings of example 9 were repeated except that

25 the epoxy resin EPIKOTE 828 was replaced by an amount of
EPIKOTE 834 resin of 682.5 g, resulting after about one
hour at 180 °C in an EGC of 240 mmol/kg and a phenolic
value of less than 100 mmol/kg.

Example 24 ,

30 The proceedings of example 9 were repeated except that
the epoxy resin EPIKOTE 828 resin was replaced by an amount
of EPIKOTE 1001 resin of 1363.5 g, resulting after about
one hour at 180 °C in an EGC of 240 mmol/kg and a phenolic
value of less than 100 mmol/kg.



WO 97/ 40084 PCT/ EP97/ 02003
- 19 - of the original anobunt of avail abl e epoxy groups had been

react ed. The prereacted rWF-ed—gn.the same novi ng
. endl ess belt of exanples 5-7, except {t EE VAS BEENY 5 t hi ckness of
1 cmwas for ¥ 97#84 speed of the endl ess REPLACER bel t|{ was RETEPIBO2HM3hr .

The m xtur cooled after |eaving the roor Tor about 20 m nutes.
The solidfﬁsﬂmmoken off fromthe end of the belt

after 50 ’lmmﬂ'"" obt ai ned resin showed a phenolic OH val ue of
18 mol / kg! "ﬂ"m” A honpgeneous feed was prepared
by di ssol vi ng 29d. 5" g s of bisphenol-A in 509.5 g of |iquid-ether of
bi sphenol - (EEW 182, EPI KOTE 828) at 120 [err]C. The EGC of the
mxture is 15 3389 mmol / kg, which tlearaticml sshould result in a
reaction product having a EGC of 204 mmol / kg. ﬁfter cooling till
90 [err]C 5 mol / kg ETPPI (see exanple 1) was added. The m xt ure
vvas[pou]r ed on a flgt ndv PR cﬁéftf‘?’f kg preparationyehnadyanceghresinhby

| ayer was 1 and 3 mmacAfiber of aocwm@Rfund hav&hngﬂ aesrdde ntreECRanas5nd48

al
Brarpl 65 10-15 | pon StBuplh moleculs o3re Rk TRMIS oporgpace

under the %eeﬁﬁdpwohxd@aﬁ@ptgw of nerEleKW gnawd werphenyl 25
phosphoni ums odi de ndIERRLE,t he chs r;ﬁsqwrwew@feahaétalyst at tﬁme@iaeemlhl .
hosphoni um chl ori e, t ty ospho chl ori de,
E)brolr[1)1 de and -i odi %mgnglag%g Cﬂgeélao&sshcf)aﬁrmﬁ%ﬁ L Icﬁﬁ’ﬁé’%\gg}g aeeHY
provi di ng advanced compound, r ghe faydeRKHg %W\PEEEEZdl or t ke rearhexofl teopeund
230- 270 mmol / kg 30 and thandaaaphetnmarﬂi v@)ueraﬁsfeﬁﬁﬁdnaahelmmle/ kgs a

Exanpl es 16-20 he_p 5 wer.e re nder
t he sane congﬁsltgﬁgxe?(%egt |ns 8gdl%f et eyﬁtr |l&?§ﬁ§'1l%
phosphoni urh% odi de MeEPS )Vltbhée%qfeé:m)ﬁ@ﬁnéeedﬁy#e% tri phenyl

phosphoni um chl ori de aRdprbeess descdr@lingr RobUly¥im 1, in which the mixing
process and the transferring process is a continuous
process.
3. A process according to claim 2, in which the moving
15 surface is continuously moving at the same speed.
4. A process according to any of claims 1 to 3, in which
the surface is a continuous belt.
5. A process according to any of claims 1 to 4, in which
no physical agitation is applied to the deposited layer.
20 6. A process according to claims 1-5, in which an
aromatic hydroxyl group containing compound is used.
7. A process according to claims 1-6, in which the epoxy
compound has the general formula I
G-0-CgXyg-A-CgXyq-0- (CHoCH (OH) CHoOCgX 4 -A-CgX40) -G I
25 in which G represents a glycidyl group, and in which A is
methylene or isopropylene, each X independently is
hydrogen or bromine, n has an average value of 0 to 12.
8. A process according to claim 6, in which the aromatic
hydroxyl compound has the general formula II

30 HO-CgX4-A-CgXg-O- (CHyCH{OH) CHyOCgX4 -A-CgX40) n-H 11
: Thls Sheet H.

i~



PCT/ EP97/ 02003
!“MI oni umchl oride, -brom de and -i odi de, and
tetr ¢ UM Iori de were used. Advanced—tesins were

obt ai ned havi ng an EGC i n t he |ran@eSHEET FHASTBEEND to 1900 nmol / kg
and a phenw gnidgsue of less tHan SOpppoigERg. 5 Ex angud 1eer@4/02003

A hom)genous feed was prepar ed lby—gi-sseof g1 of PRI POL 1022
(M xture of di- and tri-carboxylic fatty acid) in 34 g of liquid
di gl yci dyl ether of bisphenol A (EEW 182, 22 - EPI KOTE—828) at 70

[err] G the ECC g{hl‘&ﬁ‘fe?u tl‘ér %e‘é’ﬁgééﬁe or é&?ﬂoﬂé)g%/ekga

theoretically sh nol / kg the cat al yst
tri-ethanol anmoniudeperdentlys is hydroggpder RERPiMSe Rj %?Er%nv%‘ée‘fﬁ‘ﬁ ded
over various thigsngd!&€ o to 12. alumniumtrays. The trays vvere pl aced on
the belt at a erature f 16 r. T XpeLi

carried out, of 15 & pr‘gg)?srrﬁlcgﬁ Q?acg%arjm%Af]t% r%ésgéc ye,}gé hours a
EGC of 5 2528ahyrsﬁt/i@g a/vazslaﬂ:eeméry ammoniuneagmphesp onlhm The
proceedi ngs of ey glq? &ndl were repeated except that the m xture

contai ned 17. 39 E828 nd 12. 64 0. PRI EQL 102 mar k)
respectively, and®hafl @ comp°sfﬁegp F% R e oh' g%zag §?§i égggter t wo
hours the EGC  resin amsoddi rmeplanygof claims xb&ﬂn&-e 23 The
proceedi ngs of exanple 9 were repeated except that 25 t he epoxy resin
EPI KOTE 828 was replaced by an anmount of EPI KOTE 834 resin of 682.5
g, resulting after about one hour at 180 [err]C in an EGC of 240
nmol / kg and a phenolic val ue of less than 100 nmol / kg.

Exanpl e 24 30 The proceedi ngs of exanple 9 were repeated except

t hat t he epoxy resin EPIKOTE 828 resin was replaced by an anount
of EPI KOTE 1001 resin of 1363.5 g, resulting after about one hour
at 180 Cin an EGC of 240 mmol/kg and a phenolic
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| ess than 10

v ol / kg: |
ISggf’ﬂﬂlflliﬂllllII|||||||I|HII| REVI SED SET OF clAl s - iGwd
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1. A process ‘tor the preparation of an advanced resin by feaéfion

of a compound having on average nore than one . epox%q group per

nol ecul e and a conpound havi ng on aver age at | east

group or carboxyl group per 5 nol ecul e, in the presengg f 8)

catal yst at el evated tenperature, the process conpri Si ng (1)

m Xi ng Ejhe epoxy . - 4 corrplound t he hydroxyl conpound or the carboxyl

conmpoun and t t n an 2h tr fern t m xture, a

feedstreamto a second |1{| A Duv. %U%slr. f é’fgsvﬁ&%g; W s i s at > e

LﬁaSth i nt er31 _ttentlydrrovr ng with respect to the f eedstream and on
i ch second i ndent novi rface t i r ti

takes substanti ?‘ SEESS fg%:%ﬁ fepﬂrﬁtoggsgfaggo?g¥%38F§95F§?%|?gnin

- which no reacﬂj&ﬁkmﬁ(mg:cmpumm iha vtiimey cdaelp(aszierre@elayoere ctrluamh@nsecond

15 I ndependent novi surf r C r
clains 1 and ZeH%Wrchqgl?eer mélecule A r‘?gwm gelglgoglngatn%e%t%r ans e ri ng
process is a at leasttﬁnﬁlhydnﬁkyuwgranp or carboxyL4gn@umr@mﬁss accordi ng

toclaim3, in ich the Sen rate urfac [ ti nuously
nmovi ng at.the %@%ﬂﬁe the prese:?cer 5‘ce:$s z'gcsorc?l n eo’agnfqof cl ai ms
1to 4, in whi 0rfémperature, e Md‘om @n@m@imgwuaus rieditng the epoxy 6. A

process according to any of ¢l ajns , I
agitation is agifiMRIPRY dﬁfdﬁ qoérSP@Pnd ?§ ' Dhe Gf‘rboﬁfyr}r é@)é%srcpa

according to claidscHe Qzaﬁamy/bhi Chidde8p@gansterring tteMpdxthigs dshea

general formula |
feedstream to a second independent moving surface which

10 is at least 1nterm1ttently moving with respect to the
feedstream and on which second independent moving surface
the advancing reaction takes substantially place.

2. A process according to claim 1, in which no
backmixing occurs in the deposited layer on the second

15 independent moving surface.

3. A process according to claims 1 and 2, in which the
mixing process and the transferring process is a
continuous proceSs. .

4. A process according to claim 3, in which the separate.

- 20 moving-surface is continuouély moving at.the same speed.
5. A process according to any of claims 1 to 4, in which
the surface is a continoous belt.

6. A process according to any of claims 1 to 5, in which
no physical agitation is applied to the deposited layer.

' 25 7. A process according to claims 1-6, in which the epoxy
compound has the general formula I
G—O-C6X4—A-C5X4—O—(CHZCH(0H)CH20C6X4-A4C6X4O)n—G I
in which G represents a glycidyl group, and in which A is
methylene or isopropylene, each X independently is .

30 hydrogen or bromine, n has an average value of 0 to 12.
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="‘G—OC[err Xerr]-O(CHerr]CHO) CH err]O err] X[ err.].- A—C[er
r]X[err]Hhﬁ‘M lmﬁ |li| in which Grepresents a gl yci dyl ;

‘group, met hyl ene or isopropyl ene, edch’X] :
i ndependently is hydr ogen or .bronine, n has an average valte of 0
to 12. A process according to clains: 1-6, in which an

aromatic hydroﬁyl ﬁrﬁﬁﬁcééﬁt%l?‘h@ﬁ@l%n%lmhﬂ%s ube@, in which agich has the

| f |
gIgIeOn(el[rgrr];)<{renrjr? A-Cferr E’é'?’r‘ ST T BT ﬁ‘&fdle” - A gers

] X[ err] O)[err]WFllCh has the general widprhulai B rret hyI ene or isopropyl ene

h X d d
P ot o o 10"0UEBRIIRDELY L5 (WAL 0BG L JOORK [n €l 20y 2T 3
whi ch the 1n whmahaAyss mstlayl;leuaeeonaxqomyxlum ogaghosphoni um 10
ggg})guggcor di nind %pégge@fg[fg f;yqu@é@ OP OPLAIREd Pyn4si N9 an Advanced

Jalue of 0 to 12.
9. A process according to claims 1 to 8, in which the
catalyst is a quaternary ammonium or phosphonium
10 compound. ' '
10. A cured composition obtained by using an advanced

resin according to any of claims 1 to 9.
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(57) Abstract

The invention relates to a process for the preparation of an advanced resin by reaction of a compound having on average more than one
epoxy group per molecule and a compound having on average one or more than one nucleophile bearing active hydrogen such as aromatic
hydroxyl group, carboxyl group or amino group, per molecule, in the presence of a catalyst at elevated temperature, the process comprising
(1) mixing the epoxy compound, the aromatic hydroxyl compound or the carboxyl compound and the catalyst, and (2) transferring the
mixture, as a feedstream to a surface which is at least intermittently moving with respect to the feedstream. In a preferred embodiment an
endless conveyer belt with additional heating means and optional cooling means are used.




