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50 wherein R, Y and m are described as above with reference to formula (ll); polyglycidyl ethers of polyglycols

such as the diglycidyl ether of polypropylene glycol; and the polyglycidyl ethers of tris(phenol)methane.
Mixtures of one or more polyepoxides are also suitably employed heresin. Preferred polyepoxides are the
liquid polyglycidy! polyethers of a bisphenol, particularly the diglycidylether of bisphenol A; the polyglycidyl
polyethers of a tetrabromobisphenol, partlcularly the diglycidylether of tetrabromobisphenol A and mixtures
thereof.

The polyepoxide and polyol are advantageously employed in an amount such that the number of epoxy
equivalents in the polyepoxide to the number of hydroxyl equivalents of the polyol is from 0.1:1 to 10:1.
Preferably, the polyepoxide and polyol components are employed in a ratio from 0.3:1 to 5:1, more
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Conponent sxample, the percent hydroxgiawgs gﬁg(min@ﬁ by initighy @@pipgp‘{'ﬁ e pp‘@in«y@g@;@@ tbbeaker

\ fitted withnp yoRex plagAer hasphiep hejgs -tone bolgsiacaniooe IRglANA e gieriplp/fe the

)f 180 B titration buret- and °E}ﬁ§)k’k9 afengeati stirer While 3giiRiing dnednsidg oEPe Bapkeriweg Pwged ity and

n EEW of nig[ n for 3_@3 minutes. An Azoviolet indicator, as a saturated Solution in benzepe, was thén added to

oasn fpr 3 k9 . lutior ; \
i pheti ¢t quw w%‘;; i be ?jeaz)mggmgﬁ"%ﬁv §h'%m“i§r§wa8f" zrv"érgg»&'ém

o 0O T 0w oo —

-~

BTSN~ Q)

N L 0D

g .
b N 3} We ich normally requires anly a few drops.
" . _nitrogen purge was continued fﬁ%haﬂditional 2 W minutes af erlthis time. G
:ly r OQU! non ample of the CCR resi %nﬁg%ng |%8uiva & lé/s§ f phenolic hydroxyl groups was
hy | Uri pheily RRORPGvaR

. pyridine. The nitrogen_blanket was maintained and the CCR resin allowed
i UM ACet T §eoBRAIGRG Shidton W4 LbSATIS HrekelOuohG a08 NREHBRPBmAGHH hyoRbeiad to 2
ret hanol ) pige endpoint. For accurate determination, the tetrabutylammonium Hydroxide (TBAH) solutibN $HollY
or phol i NEnkain no water. N- Met hyl nor pholine J ot assi um
hydr oxi de 3Grhe weight percent hydroxide groups in the CCR resin were deterrifaed
Di met hyl et hanol am ne Reaction L Met hyl

bSt ergpof para- I nhibitor _ 1.7 x N x (E-F toluene sulfonic
hcid M- : Par a- t ol uerl?e‘sul T(Un c acld 3%

using the following formula:

35 wherein '
D= weight percent phenolic -OH groups in the CCR resin.
N = the normality of TBAH solution
E= the total volume of the TBAH titrant used in ml .
F= the volume of the TBAH titrant in ml used in the pre-titration
20 Us= weight of the sampie of the CCR resin in grams

N (3) The percent of hydroxy! groups remaining is the percentage of hydroxy! groups of the polyo!
component employed in preparing the CCR resin which remain unreacted, i.e., exist as terminal hydroxyi
groups in the CCR resin. The percentage is calculated by the formuia:

o

X 100

=]

50
wherein n is the number of equivalents of terminal hydroxy! groups in the CCR resin and m is the number
of equivalents of hydroxy! groups reactive with an epoxy resin contained by the polyol employed in the
preparation of the CCR resin.

(4) Melt viscosity is defined as the viscosity of the molten resin at the specified temperature as measured

&5 using an ICl cone and plate viscometer.

{5) Softening point is defined as the temperature at which the epoxy resin suspended in a cup with a 6.35
mm hole in the bottom flows downward a distance of 13 mm as the sample is heated at a linear rate in
air. it was measured using ASTM test method designated D-3104-77 using a Mettler softening point

9

sired viscosity of the resultigRjod894748nh. In general, the organic liquid -




N Di met hyl sulfate 40 Footnotes to follow ng Tables (1) T
- wei ght percent epoxide groups in the CCR resin. This percentage was
deterwj ned by preparing: 45 EP 0489474Blchl oric acid solution by (1)F
pl aciag 250 nl of -glacial acetic acid into a one liter flask, (2) addihg
“and m xi 60 per cent aqueous solution of perchloric acid i At o
t he fIasEgpaga% moaegfwﬁs of acetic anhydride to the flask, (4) filling
the flask to 1 liter vvlth glacial acetic acid and (5) allowing the m xture
to age g@hpi§ihours to conplete reaction between acetic anhydride and water.
The perthtorre. acid solution i-s standardi zed using potassium acid

pht hal at ea C8RAesth vk piRPArabi laWBcinl vllssaiGquipped witk Rédidd e it Dtrdghn Hhrglgci al

acet i ¢ retind)2007.1 §\1h 65 bliRalbrty) o pdlﬁeb&@e& gd2ecd (hek eqlivaRfits)f PEdb PRBNDs ¢t (D) a

t et r aetGudystadnTee Catilysh wasdadde 4itbEARhg pwduandqmlybpoxde a%iHexting @ 90 C. THR@éACtion

t enper atixtore conniriny teeyedtefyisi a3, sticddlang naintainkd\Bt 130 * d @0 2121how$. Aykremhaibt this @rhé, C

aci dio (088 gaoORdactperichiuiitr & @las)tadded tofthec:eycstbualmnmre)lﬁe reagttincaiktone dorkaigihgathe al 10
acet i ¢ reastioh.inhikiterotas subseruertly stred @RRnainigings A0 Sriopisd kedrsuAlithigtivem thanesatioh  of

t he CCRradagiiwas Retvied ffrom dhetredciosard. al@ved tqcos! apd 8didifequi val ent of epoxy groups by
initially weighing the amount of the sanple (nearest mlligram into a
2-ounce_di sposabl e glass bottle. Thereafter, 10 ml of nethylchloride was

addetf tH¥@TRB2hottle. A clean magnetic stirrer was used to di ssol ve the "
sanpl e of reS| o and thro hout tltr t|on Subs of the

TEAB sq gft\a | ff ir’ 3'8 :v:g% %‘f_ﬁx %g‘%ﬁ@ 4 ©-8 E of

cr yst alre ctia (9?‘ ixt mam E! wnth ctggian atlon qn a t|o alowm e

tit r?ot duwn o, act?b Fk té? 20
chande 6 oubLiiEnk .rea, 5%%5&8 weRid Qéactf% pﬁoasc%aispom Rob g cent

eROX| ‘?eaB(oPéhB%naO@éto &'and n& ate usi ng t or mu

[err] Wwherein % = percent, by weight, of epoxy groups in the CCR resin.

10 F = nornallty of pechloric acid solution B = the volume (in

m | | 35l idomp&ativeExaimpe Aoer chl oric acid solution used in the titration to the 25
endpoi NnT_ W= weight (in grans) of epoxy resin sanple (2) The residual

phenol i ¢ Ayehodygsin ives priyaredaisigh the pechiiuet opB@mpleiScextaptihabdys.6 groupgivalentd) he (‘:ZCR
resin. of RoigeppadeckB5a¢@ A3 eqldientsii ol diyldyD dics@88 yiohGatélyse GOGR pregioyad. Thea

basi ¢ nediianmisure asstirreryand diamginadi et 1351 ¢ or Rhipufis5 At this me 9@p giohBeaglion Inhigitet r orjg

bas esos Uckrs addedde tha lseaction mixtvre riihe maabtiod mibstirel gondginingdtlh @astisreinhilitonwes stired andi s ?
exanp| enaintained Bict3e éhtor hyetr atshich fims theaeastioniprreiict iwps Povredifram|te rpacker prgglionsd

pyri di fecqohand sgigfy- i beaker fitted with a rubber st opper_ havi ng two hol es} -
one hol e Thgrohemieal prdgRiistical prPRorties Atine RER rsing prepypdinEspmRlase 3npGr2ad the 9PRYr et
and corfesil ngdan FemretiyecE@mpip Boyere (agstied 3 e resHily, of thege PRRSTERSTET ¢ Y
beak®r WQé"ﬁ? led with nitrogen for 2 to 3 mnutes. An Azoviolet indicatof,
as a saturated solution in benzene, was then added to 20 t he pyridine
until the solution becane a good straw yell ow color. This m xture was
titrated with 0.1 N tetrabutyl ammoni um hydroxide to a blue endpoi nt whidh
normgl |y requires only a few drops. The nitrogen purge was continued for gn
additional 2 to 3 mnutes after this time. A sanple of the CCRresin
containing one mlliequivalent or |ess of phenolic hydroxyl groups was
di ssolved into the pre-titrated pyridine. The nitrogen bl anket was

mai nt ai ned and the CCR resin allowed 25 to di ssolve. The sol ution was
subsaquently titrated using a 0.1 N-tetrabutyl amoni um hydroxide to a

50

55
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bl @ endpoint. For accurate determ nation, the tet r abut yl ammoni um hydr oxi de
(TEAH) sol ution shoul d contain no water. The wei ght percent hydr oxi de
grohps®™n the CCR resin.were det erGR $,18 44 B1

[ er ]"Bsmgthefollowlngforrrula 35 wherein D = wei ght percent
phegnolic -OH groups in the CCR resinp bz the normality of TBAH sol uti.on
E the total volume of the TBAHtT‘t'r'a'm'usedlnm F = t he vol une of
thd TBAH titrant in nml used in the pEzatple at ERampl® Compiarativewei ght of

t hd sanpl e of the CCR resin in grans _(3)L.The pergent ofEXamplexyl groups
rerfaining is t 1 entage of hydroxyl groups of the polyol conponent

enpl oyed in pre the CCR resin which remain unreacted, i.e., exist -as

t erm nal hydroxybpeip-upgdta;}tme CCR resin. The percentage is cal cul ated by
the formula: 45 Equitale@itsherein n i4.4hel nunbes2df equivadeents of term nal
hydir oxyl groups in the CCR resin and mis the nunber of equival ents of
hydr oxy® groups Eg%?;’ﬁt\}&ahth an epo reS| n g tal ned bé/sthe pol yol
enmpl oyed in the preparation of the re5| n. ?4) Melt Vi scosMy i s defined
asjthe viscosigegceiod he nolten resin at the specified tenperature as
measured 55 mn | Cl coné and plate visconeter. (5) Sof t eni ng poi nt
i's deflned as th eratur he epoxy, resin suspended in a cup
with a’8.35 mm th 'tHE t‘%ﬁmfl&hg‘; dovvnv\gr%la di sta%éé‘ of 19 nm as the
sappl e |s heat edgg a linear rate inggyr. It y&s measur eghgusi ng ASTM t est
mej hod desi gnated D-3104-77 using a Mettler softenl ng point 9 EP 0 189
47h Bl appar at usRmalmeylExarrpl el5
5 A CCB,resin was $refaléd in a reaclrdt? vess%ie‘@qw pped® #°fh heati ng
mantle and a nit en sparger by rea g 209 g (11. ui val ents) of
epoxi de A, 93%\99 g (7.92 equival g%jf(;s]) of Zl(?lqyol D agl 5%905 g of
Cal al yst G The Seailualwistoskty atdded after m xi ng pol yol and pol yepoxi de and
hepting to 90 C Thé-ﬁoééet¢m(f‘r‘9xturé°%ont ai n?%%d,t he catX%st was stirred
maiznt ai ned at 138aCSPor 2.2 hd®r3%ht tfe? of tHhi¥%ime, 10 0.69 g
of{ Reaction |nhi gifQinihg"Bsiadded to the reaction mxture. The reaction
m Xt ure containing the °&0(4r)eact| on inhi bit.er was 73ubsequengbyistirred and
intained at [err] for 1.3 hours. At this tinme, the reactlon product was

poured fromy Q%dénggﬁgy%e B0k & tl\ ﬁﬁ uli Ora&g(ﬂl thg‘BERSreosl Ll g‘ﬁp ain 1h wn If_'xe{rB{t ?ower
e

15 A CeR exce
719.1 ¢ (E{'g'g%&é)%?\t/%fgg% o'*apelg pox“&‘e % 280 9 g (2. 46 equi vaI ents) of

Pol yol D and 0.35 g of Catal yst G wer e enpl oyed and the reaction m xture
was mai nt plaped.3 W th constant agitation, at 135 C for 2 hours. In addition,
foll ow ng"t‘he—ZO addition of Reaction Inhibitor L to the reaction m xture,
the redtti om qoriesi QaCSreard UkiRg) th RGhniRECS IEReMpId d1baéd: Mat 20841 g (11.41 equivalents)
of Polyepoxide A and 945.9 g (8.30 equivalents) of Polyol D and 1.05 g of Catalyst G were employed. The
reaction mixture containing a catalyst was maintained at 135° C for 2 hours. At this time, Reaction Inhibitor
L (0.69 g) was added. Ten minutes after the addition of inhibitor L, the mixture was found to have an EEW
{40 of 661 and a melt viscosity at 150" C of 61.0 cps (0.610 Pa*s). The reaction mixture containing the reaction
A% inhibitor was stirred and maintained at 135 C for 1 2/3 hours. At this time, the reaction product was poured
from the reactor and allowed to cool and solidify. The resulting product was found to have an EEW of 676,
an HEW of 1918, and contained 6.36 percent epoxy groups and 0.89 percent terminal hydroxy! groups. This
fatter figure corresponded to 18.9 percent of the hydroxy!l groups of the polyol component employed in
preparing the resulting CCR resin. The melt viscosity of the CCR resin at 150° C was 670 cps (0.670 Pa*s)
and the softening point was 87.5° C. As evidenced by these results, the addition of the reaction inhibitor
effectively limits further reaction of the epoxide and hydroxyl groups.

It should be noted from this example that the melt viscosity of the thus prepared CCR resin is not
significantly higher than the epoxy resin of Comparative Example A, although the EEW is increased
significantly.

|n a similar manner, a CCR resin was prepared except that the reaction mixture was maintained at
135" C for 3.25 hours. At this time, Reaction Inhibitor N (0.50 g) was added. Fifteen minutes after the
addition of the reaction inhibitor, the mixture was found to have an EEW of 758 and a melt viscosity at
150" C of 1680 cps (1.680 Pa*s). The reaction mixture containing the reaction inhibitor was maintained, with
agitation, at 135" C for an additional hour. The resuiting product was found to have an EEW of 761 and a
melt viscosity at 150° C of 1680 cps (1.680 Pa*s), thereby showing the effectiveness of this reaction
inhibitor in terminating the reaction.

Similar results were obtained using Catalyst H to prepare the CCR resin.
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was stirred and maintained at [err] for .50 m-nutes. At this tine, the
reaction. product was poured fromthe reactor and allowed to cool and
sol i dify,. 25 Conparative Exanple /AP 0189474 B1

25 An epoxy resin was prepared using the techniques of Exanple 5 except .
t hat 745. 6Ega"(pflés;[”¢qw val ents) of Pol yepoxide A 254.4 g (2.23 equival ents)]
of Pol yot B—amd—06—35 g of Catal yst G were enpl oyed. The reaction m xture

was stirred 3/95&133% N6GH R&RS #4 prbpRedrdn? Pollbiide ,K' I ' oleoXi
of Reacti ognd ﬁUWobdoﬁf\%neatQ werb u&ﬁf adslpd Bl.{:fm‘é op (B%,)gﬁrb? ah & i t%%e %@an& g&ﬁj?

M Xt ur e £omheteadiion) tdnfperatliRamll HRYodchidH hibiBF eMEisyes il Er{yeg'ea;s ma-fn nltaglb nlf"QVf@Fl (;]'35‘

C for [err Jeattionlinhbitor s RpibyedEupb BbtsifiAg thb ABsindd Q6HSrEioNA BRGERas! &F&J the
react or antkcadiduesns Exdngpledool and solidify. The chem cal and physi ca

.properties of the CCR resins prepared in Exanples 5 and 6 and the epoxy
resin prepared in Conparative Exanple B were neasured and the results of

t hese neasGeepastvesExample§et 35 _forth in Table I1. 45 50 55 10 EP 0 189
474 Bl TABLE | Exanpl e Exanpl e Conparative L 2
Exanpl e A Red®toPoiy f?'w%taﬁpefeEyﬁwldeﬂﬂydrteamryflueﬁqmq;saIOéﬁxample 3 except that the polyol |
1.47:1 = compopesnt yas fully converted.) 86: 1 10 Theoretical EEW i
824 T8 ghemical and physical B(?Ber!?éafétﬂieoﬁc'?’fetﬁtﬂﬁ@f Exaqples 4-11 and the asm fegia of |
W. % (15 Comparative Exan;nplggare set forth %T?ﬂel 8. 14 EEW {
557 . 499 : 528 Resi dual Hydroxyl, W. % (2) i
0.942 - - 0.808. : 0. 103 20 HEW , 1810 ;
2104 - © - 16552 Melt viscosity at [err] cps (3) 300

240 4 590 [err] _ (0.300) - . (0.240) ' (0.590) |
Saftening Point, [err] ' : 77.6 73.8 82.1 i
30 As evidenced by the results~in the foregoing Table I, the CCR

resins are again shown to exhibit lower nelt viscosities than a
conventional epoxy resin at simlar EEW Exanple 3 -
25

30
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35 CCR resin was prepared using the techni.que's of Exanple 5 -except that
2058.1 g (11.41 equivalents) of Pol yepoxide A and 945.9 g (8. 30

- equival ents) of Polyol D and 1.05 @gPdfi88avaBist G were enpl oyed. The

reagkton mxture containing a catalyst was maintained at [err] for 2 hours.

“AL Lhis time, Reaction Inhl.,bltor L (0.69 g) was added. Ten minutes after

t he addi tion of I nhi b|t0r>Lq the m xture was found to have an EEW40 of
661 and a melt viscosity glf“ 150 Cgf 610 cps (0.610. -Fer;,]) The reaction
m xture containing the rea ion iMibi @r vds stirred and nai ntai ned at
[err] fqr 1 2/3 hours. Ats is ting, the reactidn produft was poured from
the reactor. and all owed t® ¢ool and soli dify. The resulting product was
found to have an EEW of 646, an HEW of 1918, and contai ned 6. 36 percent
epoxy groups and 0.89 peraeft ternknal hydroxyl groups. This latter figure
corresponded to 18.9 perc of theé hydroxy)l groups ®f ghe pol yol conponent
enmpl oyegy i n 45 preparing ¥h
resin at 150 C was 670 gps (0.670 [err]) and the softening point was
45 C. As evidenced by téesge resuj,ts o he addition Qf the reaction
ibitor effectively Ii furthr rSactl:Qn of the*ep®xi de and hydr oxyl
ups. It should be notéd fromthi's efanpl® thit tHe MBIt vi scosity of the
s prepared CCRresin ig nmot sigpificantly higher than t he epoxy r.esin of
arative Exanple A, al g&kgugh the EEW is increaseg significantly. In a
ilar manner, a CCR resﬁn was pr‘%par&j e>é%ept that"‘tH‘e reaction m xture
mai ntai ned at 135 C for 3.25 hours™ At This™ing, Raction Inhibitor N
J50 g) was added. Fiftegn|{m nutes after the addition of the reaction
ibitdh, the nixture wa&Sound tB hale angEEWof #88&nd a nelt viscosity
150 C of 1680 cps (1. 63 [err])--TheNreac-tl onni xt=ur @ cont ai ni ng t he
redaction inhibitor was mai ntained, with 55 agitation, at 135 C for an
addi ti onal hour. The resu§t| ng proguct was found to have an EEWof 761 and
a It yiscosity at 150 GE8f 1680 ®ps §1 689 [err]) -efhe*eby showi ng t he
effifecti veness of this &ealtiion.inH'bitor i ter nattng®*the reaction.
Slmlar results were o%ta;}n;d using Catalyst Hto prepare the CCRresin. 11
I

EP:0 189 474 Bl Exanp 2-11 A series of CCR resi ns< arg prepared from
Pol yepoxi de A, Pol yol & a$¢f]Cat al y&t G;'.'; They pol’yepot d€ and pol yol

corrponeﬂ;ts were used in a#ro nts to~gi v& t hé= epoxy: hydr Xyl equi val ents

specified in Table II1. he reaction tenperature and the reaction
i nhi bitor enpl oyed, if ari" are s€% forth in Table 1¥1. When no reaction
i nhi bi tor was enpl oyed, obt aimi ngwt he glesired @on\%r sion, the reaction

was stopped by the techm‘ﬁu s of E'xarer‘e l.~io 'Conparatlve Exarrple C An
epoxy r#®sin was prepared w@sing ideatical techniques o those of Exanple 3
except that the polyol cogm; nent \@s fgllycconvgrtecg The chemical and

physi cal properties of thg restns @&f BXanpl @s 4411 .and the epoxy resin
of 15 Conpar ative Exangfe'B are set forth in Table Il. 20 25 30 35 40
o v
i 40 ’;q - Fo 4
~ sl g .
. sl (9] 3 =
Slu .t -] v
< ’;5 ‘c'; 22 ..-.3 [~
olv = S - Y QIH Q=
et S o B - U e =1
O3] HA 23 38 oif vls
4% ofal iy ©% =+ S g2
[--1} - a3l [~ 41 [-41-9
50
55
13

resulLingCCR Xesin The nglt viscosity of the -



5 50 55 12 EP 0189474B1 [err] 55 13 EP 0 189 474 Bl [err] A CCR
esin was prepared by adding to a suitably sized vessel 611.5 g (3.4 k
'qU| val ents) of Pol yepoxide A, 388. §3§(ﬂ%aﬁeqw val ents) of Polyol D and ¥
"F a 50:weight percent sol uti [ st J in water. This reaction§
'xture was stirred.and maintained at [err] for [err] hours. At this tine, §
rior to 55 conplete conver,ssn n of either the polyglycidyl ether or polyol
onponent, 0.75 g of Reactl.om Inhibitor L was added to the reaction
i xture. The reaction mxtw_r containing,the inhibitgr wes stirred for an
dditional 2 hours and malrg,a n@éd at 33@C forgthig Peri@. At this tine,
he reactdon m xture was pdfed™fromd&helreactdr aﬁnallowed to cool and
olidify. 14 EP 0 189 474 Bl The resul ti ng prodUct cont ai ned 4. 61
ercent of epoxy groups andy 1L\gl percent of term nalﬁhydroxyl groups. The

EW of the CCR resin producg‘ 892 mndat he E¢§Wwasm932 The nelt
iscosity at [err] was 700 %pp 0. 700=[exr]) and t&\osoff"enl ng poi nt was
err] A% evi denced by thi S exanpl e, ‘a CCR re¥in a3 effectively prepared
si ng eqw val ent anounts of~ gre pol yol and pol yepoxige cgmponents. Exanple
3 In an identical nmanner t$~t hét errpfxoyted in gxanpl@ 12g a CCR resin was
repared from equival ent 1@ | afount s-of=Pol yegoxi §ec_A (765.4 g) and Pol yol
(234. 619). The, reaction gn xture containing 0.35 g.of the Catal yst G was
tirred and maintained at. [@gf]af or 236 dours at wh|8h ti3re 0.23 g of
eaction Inhibitor L was adglef.~The r@aci on nj. xt uge:con®ai ni ng t he
nhi bitor was stirred and mhintained at [err] For aradditional 3 1/2
ours. The resulting producé possessed an EEWof 986_and an HEWof 1087. It
ntai negy, 4. 36 percent of @g yo9roups apd 1.56 percgnt &f term nal
ydr oxyl groups based orfgthg Eo&al vefightt of tfie 1% SCCR& esin. The nelt
iscosity at 150 C was 12)40"c s (1.040 [®rr]) &nd &2 epoxy resin possessed
sof t eni ng poi nt of 88. 5 @ LConparatyve Exanple C 29 Fog, purposes of
onpari son, an epoxy resgn 213 |t§g a hghs EEW was prces‘éareda except that 522.6
(2.90 equival ents) of Polge oXi de A8 N7.4 ga(2. 1§3:eqw val ents) of Pol yol
and 0.16 g of Catalyst G were reacted
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s0 Example 12

A CCR resin was prepared by adding to a suitably sized vessel 611.5 g (3.4 equivalents) of

Polyepoxide A, 388.5 g (3.41 equivalents) of Polyol D and 0.3 g of a 50 weight percent solution of Catalyst

J in water. This reaction mixture was stirred and maintained at 135° C for 2% hours. At this time, prior to

g5 complete conversion of either the polyglycidyl ether or polyol component, 0.75 g of Reaction Inhibitor L was

added to the reaction mixture. The reaction mixture containing the inhibitor was stirred for an additional 2

hours and maintained at 135" C for this period. At this time, the reaction mixture was poured from the
reactor and allowed to cool and solidify.
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at [etr] for 3 1/3 hours The pol yol conponent at these conditions was
gssentially conplet el y converted. The&EpPressd4mmey resin possessed an EEWof
1744 aﬁd an HEW of 12947. Al though the resin contai ned 25 2.47 percent
epoxy groups, it contained |ess than 0.13 wei ght percent term nal hydroxyl -
groups. Althou PP femiting; REOduEH, Geptainggla Pt R?@e@@eP@S jofe E@W@ﬁéﬁéd’efcwtﬁmr’% hydyoxyl -
the melt vis¥ %‘. o HEW pifne CGR sesig pmguct as B92 ang e[ EEW yas 938 T mek visegsitreat 150°C -
Exanpl e D Th¥S Q R P7 IEA"S) 65!@8?@@%9% wesh o Cafy qyidencrd pthis erpripits 2 SCBgesin
formul at ed i TRSGTEFIYERPRRFEE UGS RWivpe e eusls ot Relvol #d PRIKSARETRIMEOBISEx anpl e
20. Howevér,. to prepare a coating conposition having a viscosity which is"
suitably e Slg Lhn comrercial operation, the organic |liqud solution could
contain onl percent solids (i.e., hardener plus the epoxy resin)

‘and had a vi Scﬂlsént e Ealfr%Qne??oSthgto 2» ﬁréxllr)npl@‘gz[eééd esn;[%sf%%rgf%rp% urr\g)ént
be Convertoe‘janﬁogntpgﬂ‘dgi W%r ) 'F “r‘Ja A9
formul ati onsgahfdt 61k Whred ané\nﬁlﬁﬁﬁgosact 1 57 c Y £PRILY wilbn GROSYa 5‘3§ﬂzé&a¥6¥ lnhlbttor L
reacting a pelsYRRKIHE ¥dclidh AixRARl JRMHING thePRSHG! Wl sifted Qﬁd‘ﬁ\ﬁt\ﬁﬁe@&' PRAE (& an
~pol yol havi ngiciéra® i) ndrs. The 1aGing| proalidd BoRERSLHCEW s 986 &l Al HES of 1087, 1t Mntained
reaction of i gbleent of eRRPYMurB A P.58\bdrdeniBor Ryl XydroxQI RIS KBS ROhEbiabRiGhP the
terninati py ¢drerdsmATHd MBIt biycobifyeat a6ENIA Wa3N10a6 cos (TBUEPA-@) andhthd BooRf Fmt do¥Rbsed a
i nhi bi ts f urdohaingrpeiacdfisas’ @f the epoxy and hydroxy groups at a point -when
‘the reactlon product contains at |east 0.25 weight percent of each of the
epoxy groups and the term nal hydroxyl groups, said weight percent being
baseF on t heComperative\iargte Cof t he epoxy resin reaction product, provided
thatjthe #atio of epoxy groups to hydroxyl groups in the starting naterials
i s@tbss t han 5Bor purpoges pf compariiye amresoNngsia BavinD aihigh EWwaTprapamdiexcaphtiatde? &0 (4%8d
Cinthat the sadienishaf RolyepaxidaAnir d@ (B3 eqvivalent ot Rayal Rendp. 1§,gl00 Esfelyst § werryeacted
reacti on mi & if% Cder HkhqusyThepaiyel F?ﬂ“&?ﬁe’“ G‘rﬂ‘%fl °Q"H'é°”a&'aﬁ 9spestially cormplately 69‘1‘(99"8& d
e e S S R
Claim1l o I r eﬁ@ 'g ﬁﬂ‘
from10 to QP'%‘S P ten )%P %’eﬂ%F’F%ﬁ’eé’r{‘EsE BW(% ﬁ gelt ispostty attzh @( %ﬁ%ﬁ 5400
and pol yol cdénfonents are enpl oyed in equival ent anmounts, from 10 to 95
percent of both corrponents have react ed. EP 0 189 474 Bl The resulting

pr oduct Cé‘?’nt&:gg'gE Engggbcent of epoxy groups .and 1.91 percent of term nal

hydr oxyl he CCR resin product was 892 and the EEW was

932. The nelt WleS%éntuynaaEpoJ(éQesQ MmBgrgth n’§(ar(\;9e B08ks[ £40" homuRRE ihtBE can coating
sof t eni Nng PQioRbositBE ukifd thb-coMPonBMé JEBGRBe Y. HidMevor, 8 PRPAE a cBatih§BorhStitibh Mg a
effectively eafinwhieh KSutlyeidioyadl i Bémndiiidl Bpesatier, teldRyai® ligi@lsolatidd chuMd YoapM*dnge
conponent &. 4o pbxaitTRbIRs 3., hatdensr piud &atcb&a IresipiHaded & Aschdinlof OROPY28D P4rs)Ex a5, €
12, a CCR resi ThewaSR [pse aiay (hef domuart@id | poadiee mdrm 1@k taepreptkagiorotheretodny @ powidekecolting
(765.4 ). angtmbatiopel E (234.6 g). The reaction m xture containing 0.35 g of
the Catal yst G was stirred and maintained at 135 C for 2.6 hours at which
tinge 0.23 g of Reaction Inhibitor L was added. The reaction m xture

cogfai ning the inhibitor was stirred and maintained at 135 C for an

addi'ti onal FH@M® hours. The resulting product possessed an EEWof 986 and

an HEW of 10‘876 | t cont ai ned 4. 36o errecleng rof epo%/ ﬂrx%ups anpowlhygnf‘s: h%rrw(%eopta _
@[?ﬁ 1N ﬂ %ﬁ:tg\g
of term nal hysartESra d aliphatic pg{yogl aving pgrgar; %g gEoups in the pr)gence aof a ca@yst for the reaction of an

45 epoxy group with a hydroxyl group characterised by terminating the reaction by the. addition of a
material which effectively inhibits further reaction of the epoxy and hydroxy groups at a point when the
reaction product contains at least 0.25 weight percent of each of the epoxy groups and the terminal
hydroxyl groups, said weight percent being based on the total weight of the epoxy resin reaction .
‘product, provided that the ratio of epoxy groups to hydroxy! groups in the starting materials is less than

50 2:1.

2. The method as claimed in Claim 1, characterised in that the reaction is terminated by the addition of a _
solvent to the reaction mixture at desired conversaon or by the addition of a strong acid or an .
- anhydride or ester of a strong acnd R
55 . .
3. The method as claimed in Claim 1 or Claim 2, characterised in that. the reaction is terminated when
from 10 to 95 percent of the deficient components, or if the polyepoxide and polyol components are
"~ employed in equivalent amounts, from 10 to 95 percent of both components, have reacted. = -
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15 g(ZR resin. The nelt viscosity at [err] was 1040 cps (1.040 [err]) and
t.he gpoxy resin possessed a softeni ng § g ‘g& 88.5 C. Conparative Exanple
C 20 'For purposes of conparison, 5 AERL havi ng a hi gh EEW was

preparbe'd except that 522.6 g (2. 90 equi val ents) of Pol yepoxide A, 277.4 g

(2. 43 equi val effeShsuthg PREYEP borkdird8 .69 -paer oPEpokPirdlpY Shd FoVBdi&ont SN Rldro

C for 3 1/3 gifps. ne HEW P HeYSUR GONBRARNastHo2 RERE EENTWAL b3 MR MEIBvisssH§ Af 159 y
conpl et el y &aBver épeqo.7001Fa 4) 8sdthd sdshilg@Rintwda @936 28 dviddacdaBVimd exbifid, 206k RSN
HEW of 1294 %as blidctivelyphephrd@ usimySdqlivaidatintbuite 6f tipolioldrd Pubjepdite coRsbNdntgYr oups, it
cont ai nedsl ess than 0.13 wei ght percent term nal hydroxyl groups. Although
this is lower than the CCR resin prepared in Exanple 19, the nelt viscosity
at 200 C wasx@@®d1¥ps (6.400 [err]). 30 Conparative Exanple D The
conventional epoxy resin of Conparative Exanple D was also fornulated into
a can coat i ng ‘e@nydeslical mannasioribet emeloyedrip Gramplesi2of CERaeqyl was2gyeparqdyitoresquiviient
prepar e al’c GEOMHYOiClvpRxide AdFPSH |aP§ngé¥ F $3868 0t yhaniepcien mixtues goptaiping 08%rplobiped
in comer ci aﬂataU ¥e3 gired pndomaiigiaed;at 135 lS‘H 256d10EFF |abwh'fedmed> Qé@rﬂfzﬁe?fﬁ'?fh b't35'—

40 percent é” d( Th‘%“*“" r’*&i’éﬁ'{%r’” ginng

of 230 cps ‘fe' q‘ﬁb" ‘Q"’ﬁﬁ gﬂ\; °“ta'“ed
powder formc]‘c rpe? aqr%ﬁp 8 ig 'é?'f‘tﬁm'&‘"a Q;l ‘5’5 F?? i g' ;he
40 d ai s 1 lcos'%parl ng an epo>?y re °er [Of" possessed a

pol yepoxi de Wt ric phenol or a saturat ed aI | phat iC poI yol havi ng
prinary O—I—groups |n the presence of a catalyst for the reaction of an 45
epoxly gr oup céinpitatie BY4HpRXy| group characterised by termnating the reaction
by tihe adgi tTomof~amaterial which effectively inhibits further reaction
Ogn‘f he epoxy am pligebeO¥\to@paAssanidpody it Mabing\DREh EEWE wasQphio BxcBHtANEISA2.6 g (2.90
contiai ns at eh@amhtsDof Polysiki@dA, 29E4 § CIU3 cQlivaRats)lof Bbiydi DQn@ P.OXY ofTaRIWREG #&d rdabed
terni nal hydt B0yC i@ BaBpBLrs.Sthb dolyt tayipbnepedt G@sk cohditiongwds @ss@akiabycomp@tslyGiomlerted.
wei ght of the ®Epouspiting sisin possassed em EPWa 1744, ang rao WEWedd 12942t Althdugh i@t resin odntained
epoxy gr caps.47 eiagrd poxy Igrayps itpentaimediiéve thsh Q118 weight pertent tearhisal hedrdxglsgouph Aithdgh
2: 1.0 2. The thieis lnwer then the SCRwebin prepdled imfxample i thecned viseeity at A0 Faas B4 cps (6.400
reaction isPetni nat ed by the addition of a solvent to the reaction m xture
at desired conversion, or by the addition of a strong acid or an anhydride
or ester -of a strong acid. 55 3. The method as claimed in Gaim1 or Claim:
2, charac¥e®® Exangle B he reaction is term' nated when from 10 to 95

—

percent of theThdef teongI cgr?)r th%le ep gfgln% ?g pating
Eonﬁonent s are os{t}’ﬁ] ugﬂgam | 7 G«f aén %I Ssét%n thmg a
ot COWDOH%QI‘ ?ty w j, com erc | tuo e ?o%@ riEﬁ? nonly
claimed ip QH erg s epo(;ty gﬂédsa%c shy f}ﬁ% L83 c
added in an Nécr? esuﬁé ?%tco e@e‘&%% o%%mﬁ)%rr tr%odr'ép‘é:% o‘?ﬂﬁer&ifomcé} pf%l:vé(e?tcoatmg
enpl oyed. Sfor,?};ng,opg ocess as clained 1n any one of Clains 0 4,
characterised in that the reaction is termnated at 5 a poi nt when the

reacti on product contains 0.5 to |l ess than 20 wei ght percent epoxy groups
ark/fromﬂ 25 to less than 10 wei ght percent term nal hydroxyl groups.
Claims

1. A process for preparing an epoxy resin by reacting a polyepoxide with a polyhydric phenol or a
saturated aliphatic polyol having primary OH-groups, in the presence of a catalyst for the reaction of an
45 epoxy group with a hydroxyl group characterised by terminating the reaction by the addition of a
material which effectively inhibits further reaction of the epoxy and hydroxy groups at a point when the
reaction product contains at least 0.25 weight percent of each of the epoxy groups and the terminal
hydroxyl groups, said weight percent being based on the total weight of the epoxy resin reaction
product, provided that the ratio of epoxy groups to hydroxy! groups in the starting materials is less than

50 2:1.

2. The method as claimed in Claim 1, characterised in that the reaction is terminated by the addition of a
solvent to the reaction mixture at desired conversion, or by the addltlon of a strong acid or an
anhydride or ester of a strong acid.

65

3. The method as claimed in Claim 1 or Claim 2, characterised in that the reaction is terminated when
from 10 to 95 percent of the deficient components, or if the polyepoxide and polyol components are
employed in equivalent amounts, from 10 to 95 percent of both components, have reacted.
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6. The process as clainmed in any one of .C ai ms wherein the terninal

hydr oxyl . groups are phenol’i ¢ hydroxyl 10 7. A process as clai ned i
any oneyof the preceding clains cha%gcqg@?i%?gyi n that the reaction product 3
has a nuhber average nol ecul ar weight of |ess than 10, 000. 15
evendi cat | @NSthd piokdse 68 BEmEE inlhi B @Lcis Htoll) Enaf Rl ibiR&Me iMbbitor ©a8ded Gy,
"un pol yepox yaRui ek Iodil 1RGMARKt gaPdqiient SHcaniyst@mpidyedn pol yol al i phati que
atur6 conportant des groupes OH prinmaires, en presence d' un catal yseur
our ia reast iTha pfbcess af ElEIMPEINGMPA R'CRIEnsUMNo @) dhapeterisydlin thaythe reactian &ctoBrinage aren
e qu' on 20  a paint whdnethd @adtieapbdudtcoptains 0.5 sdidsst thanre0dveightepermatti scepe gnevps amvbfrohie &
fficacement toAjttelessdbant1i0emight/pbresrt ermisel theloxg moupes epoxy et hydroxy, a un
tade ou |l e produit de reaction contient au noins 0,25 % en poi ds de chacun
es gr oupes 8.6 pthR prasessgassclamesuip ey lopel pbRiime wiherein they ipming! dydrexyh §PreSe AP Rjencken -
oi ds etant r appem gows poids total du produit de reaction r6sine epoxy, -
tant entendu que | e rapport des groupes epoxy aux groupes droxyl e dans
es matiere& dLPEREFHISCIAred in Hpope of the iecging|claips characiBsge I foet e g product has
evendi cat i on #MUMEY BRI olegui eight ofi§esdPdPP® e 1 a r6action par | addition
‘un sol vant au nelange de r~action | |a conversion desiree, ou par
"addi tiqn g'e\iénd%%lo% fort ou d un anhydride ou ester d un acide fort. 30
selon

. Procedb a revendication 1 ou 2, caract6ris6 en ce qu' on arrete la
eaction quanthHleqe By Bredaratioh dind RERDOEMY o' EREMH o6l plhERSykd Svell Qi thbrloRbbighy-
st T o B R e ey .

qui val entes, Giyddir o Luslies dUR GousPBIRRS Atk un didtbe h@@Biyle, barackris 6160 GEbON |
une quel,gonqupradas rdaeteR P CabitiNGunk Matidre qUAINAIGE BfitEOMEN tall> FHCtON ubdrioué @es
"{nhi bi teur ajfloupss époxy &i RGrEYNIN diele QU BLbrdtdit BE réaction tintictk ANmoID0,25% 1h \paidesd |
e cat al yseur diubduh ids€ grobpes RpaqG6d ales @loopes | hytmeyleleeitadn dertlt mbesentae eandpoiriat ftaph s
a 4, caract Gappess anpots tojal @u lpeduittdeotaction résite époxyeétant estendin que Rdapportl desegroupes
roduit de r 6aipbiycuax groupes bygtoxyleddds Bs matibeiside déart 26t ivfsrisy pdi ds de groupes
poxy et 26le 0,25 a noins de 10 % en poi ds de groupes hydroxyl e term naux.

0 6. Proce@e Ryedédhsalonmevendiedtion hcpaactriss op 6% gyiel ¥t I rigctipn Qafti",ad‘?jfé’ﬁ§‘¥‘ég'tﬂ%¢
es groupes hyaireslappede Eagiphiacoreision eksiséey Pibpas EaddRigrif ' 348 FThehb jtnekice
roced6 sel on $steufien @ conque des revendications pr6c6dentes, caract6rise
n ce que le produit de 45 ~  r6action possede yne se nmoleculaire, ..
yenne dh RorfiPect S8 ingosion o @araz{?rgs% P a0l bl 1 Galpn gl 5 172 o5
rstellen ei ns™El t??ﬁ?f?é%" ?i’oﬂ?; ;' '":t:%Fu'x gnj: &5 aﬁiﬁ&pospm Gt ey ﬁzé}‘n
hrwerti- gen PASNOT® CHET"EPnEm gesa‘fﬁ gten all p'heit I'schiéen Pol yol mit
rimaren O, G ypRgndd I'%&?%E& R NESalsahRd ¥ 5 8] QFabishisdon db GubMBRAARDI&) BT

poxygruppe i G ol VR Bar sHSICRANBELGEIDRAL Liider ch Beenden der
eaktionggurc'h&nfﬁgeﬁtzen el nes tvoffgasr,eqder di e vvgi telFe Reakti on der

poXygr uppei, Uﬂgqéﬁéselon I'ur'@’ddélgi_ﬁﬁw déb R9EhdIbhtioksS AN AdaraBtis i I6h b Gl 1a Yattioh RetakrEige

n dem das Reakin Qa0 @biduit B BaRiIGH @htende2ls Lnauins 84 20076 80 peds d@loupes époxy et de
sant gewi cht glgssa mRAXIENBREZ sremids ide 5B Tes Bydkix@s fermiodux) ewei | s Epoxygr uppen und
ndst andigen Hydr oxyl gruppen aufwei st, unter der Voraussetzung,. dal R das

er hal t ni s WonPrBgEo& yelong'unepguelnonaue dey chvendightignauipd B reansieqiieiies/gergesiydwryd eeminaux
| ei ner al s 2: gonidss grods hydroxyle phénoliques.

7. Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le produit de
réaction posséde une masse moléculaire moyenne en nombre inférieure 2 10.000.
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Anspriiche

Verfahren zum Herstellen eines Epoxyharzes durch Umsetzen eines Polyepoxids mit einem mehrwerti-
gen Phenol oder einem gesittigten aliphatischen Polyol mit primdren OH-Gruppen in Gegenwart sines
Katalysators fiir die Umsetzung einer Epoxygruppe mit einer Hydroxylgruppe,

gekennzeichnet durch
Beenden der Reaktion durch Zusetzen eines Stoffes, der die weitere Reaktion der Epoxygruppen und

Hydroxygruppen wirksam an einem Punkt verhindert, an dem das Reaktionsprodukt mindestens 0,25
Gew.-%, bezogen auf Gesamtgewicht des Epoxyharzreaktionsproduktes, von jeweils Epoxygruppen
und endstéindigen Hydroxyigruppen aufweist, unter der Voraussetzung, daB das Verhéitnis von Epoxy-

gruppen zu Hydroxylgruppen in den Ausgangsstoffen kleiner als 2:1 ist.

" RN RO 1 4

so 1.
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510189474 Bl 2. Verfahrsn nach Anspruch 1,-dadurch gekennzel chnet, dal die
et zung durch Zugabe ‘ei'nes Losem ttels zur Reaktionsm schung bei der
gewanscht en Unset zung oder durch ER(hM® Fd®dr starken Sdure oder eines
AnhydrMs oder Estefrs éiner starken s Sgure beendet wird. 3. Verfahren
nach Anspf qurfjﬁ oder /g durch gekennzel chnet, daB die Reaktion beendet
wrd, wenn "%der in ni cht ausrei chender Menge vor handenen 10

sy
Best andt ei | pdgrUmyé% f’V%Q m g; urbﬁ%&t% HiBhng dof? @%M&ﬁmen
dir E}kec‘n re% Eéé Qti

Mengen ei ng‘%ﬁrﬁs& ng¥dbr dtﬁi@l Z r@ einGA Gthrkdnt
haben. ;4. Vegla 5 BetaN Anspriche 1 s 3, a urc

gekennzel chnet, 15 daR der Hemmer in einer Menge von m ndestens ei nem
Aqui val eng, m.@ahmrnm\e,gr@dmmwa/al ent Katal ysator zugesetzt wi rd. 6.
Ver f ahren naadurbegerdnagichAgisprtche 1 bis 4, dadurch gekennzeichnet, 20

daR di e Realghf @& Raskti@i tendePuirds wedhoon de bis 05 PAdder a:rmdrleansrdna&nﬁemmmmpmemhmkt _
0, 5 bi & weniBgaand@iles o@D, weaw.Polyepokipoutid Folypipestandietid iv BdquivBierddn ergenveingegetet vaer-s 10
Gew. - % endsdemdergt® mw%»yiugmgmmmmmmen. 6. Verfahren nach jedem der
Anspriche 1 bis 5, 256 dadurch gekennzei chnet, da3 di e endstandi gen

Hydr oxyl g'%uﬁp'éﬁﬁfepwefrﬁ'dﬁqes'd%A'H?@ﬁqu'g? uppen sind. 7. Verfahren nach jedem
der vor st endpdiseh agkeppzeighaet, dadur ch gekennzei chnet, 30 daB das

Reakt | 8nspr GeRiRe" HIPMY JR| sieriMepgecymsmieasions PIas Y ARFYAeNt o8 rerverdeleay A%H"@'e"t

0. 000 auf wip@YsalosBuaReptd Wiy 55

8. \Verfahren nach jedem der Ansprdche 1 bis 4,
dadurch gekennzeichnet,
20 daB die Reaktion an einem Punkt beendet wird, an dem das Reaktionsprodukt 0,5 bis weniger als 20
1w Gew.-% Epoxygruppen und von 0,25 bis weniger als 10 Gew.-% endstéindige Hydroxyigruppen
aufweist.

6. Verfahren nach jedem der Anspriiche 1 bis 5,
25 dadurch gekennzeichnet,
da8 die endstéindigen Hydroxylgruppen phenolische Hydroxylgruppen sind.

7. Verfahren nach jedem der vorstehenden Anspriiche,
dadurch gekennzeichnet,
30 daB das Reaktionsprodukt ein zahlenmittleres Molekulargewicht von kleiner als 10.000 aufweist.
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