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A PROCESS FOR THE PREPARATION OF POLYETHER POLYOLS WITH A REDUCED
UNSATURATION CONTENT

This invention relates to a process for the preparation of a polyether polyol that
has a reduced unsaturation content.

Polyether polyols suitable for use in preparing polyurethanes are usually
prepared by the reacting in the presence of a basic alkoxylation catalyst an initiator compound
having active hydrogen atoms with an alkylene oxide such as, for example, ethylene oxide or
especially propylene oxide. Typical catalysts include tertiary amines, or hydroxide or alkoxide
of sodium and potassium. However, under the overali conditions of the reaction including
catalyst concentration, elevated temperature and pressure, the propylene oxide may isomerize
and rearrange to give an allyl alkoxide before it can react with the initiator. The ability to
prepare high equivalent weight polyether polyols in the presence of the allyl alkoxide is
reduced as the allyl alkoxide competes in reaction for the remaining alkylene oxide, thereby
limiting molecular weight build up on the initiator. The allyl adduct is commonly described as
the unsaturation content of a polyether polyol.

When a high equivalent weight polyether polyol having a high unsaturation
content is used in the preparation of, for example, a flexible polyurethane foam, a product
with undesirable properties can result. Problems such as foam discoloration, inferior
compressive and tensile strengths, low reactivity, low fiexural modulus and poor humid aging
may be observed. It would therefore be desirable to provide a means for preparing a polyether
polyol having a reduced unsaturation content, permitting the manufacture of improved poly-
urethane polymers.

It is known from the art that the unsaturation content of a polyether polyol may
be reduced by a subsequent acid treatment such as discussed by Dege et al., Journal of the
American Chemical Society, p. 3374, Vol. 81 (1959), or as disclosed in U.S. Patents 2,996,550 and
3,271,462. However, such acid treatment of polyether polyols is not aiways practical, adding to
production costs and generating waste products which must be subsequently removed from
the polyols and discarded. Accordingly, it would be more desirable to provide a means of
preparing a polyether polyol in which the accompanying buildup of unsaturation during its
manufacture is avoided or minimized.

The art contains various disclosures which teach the selection of certain
substances functioning as alkoxylation catalyst, when preparing polyether polyols, and which
additionally minimize formation of unsaturated substances. U.S. Patent 3,393,243 discloses the
use of cesium hydroxide for the preparation of polyoxypropylene polyether polyols having an
equivalent weight of from 1500 to 2500 and reduced levels of unsaturation.

U.S. Patent 5,010,187 discloses the use of barium- or strontium-containing substances for a
similar purpose. In an improvement of this latter disclosure, U.S. Patent 5,114,619 discloses the

controlled concomitant addition of limited amounts of water during addition of the alkylene
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oxide to provide for a further reduction in the unsaturation content of polyether polyols
prepared in the presence of such barium- or strontium-containing catalyst substances. itis also
reported that substitution of water by low molecular weight diols or triols does not provide for
a reduction in the unsaturation content of the resulting polyether polyol. While further
studying this latter improved process, the present inventors have confirmed the value of water
when preparing a polyether triol having a low unsaturation content, but are unable to observe
a similar reduction of unsaturation content when preparing a polyether diol. Further
investigation of this observation has led to the present discovery.

It has now been discovered that polyether polyols having a reduced unsaturation
content can be prepared when using catalysts containing the alkaline earth metals, barium and
strontium, and when the alkoxylation of the initiator is conducted in the presence of certain
hydroxyl-containing substances.

In a first aspect, this invention is a process for preparing a polyether polyol having
an equivalent weight of from 800 to 4000 by reacting an initiator containing at least three
active hydrogen-atoms per molecule with an alkylene oxide comprising propylene oxide or
butylene oxide in the presence of a catalyst and a processing aid wherein:

a) the catalyst is selected from barium, strontium and their oxides,
hydroxides, hydrated hydroxides or monohydroxide salts, or mixtures thereof: and

b) the processing aid, having a molecular weight of at least 30 and being an
organic monohydroxyl- or dihydroxyl-containing substance or mixtures thereof, is present in
from 1 to 10 weight percent based on total weight of initiator.

in a second aspect, this invention is a polyol produced by the process of the
invention.

In a third aspect, this invention is a polymer containing urethane linkages
prepared by reacting an organic isocyanate with a polyol prepared by the process of the
invention.

Surprisingly, it is found that when polyether polyols are prepared according to
the invention they have an unexpectedly low unsaturation content. The addition of water to
obtain a product with a reduced unsaturation content is not required; apart from the residual
water content of reactants no further water need be added.

in the process of this invention a polyether polyol is prepared by reacting an
active hydrogen-containing initiator with an alkylene oxide in the presence of a barium- or
strontium-containing catalyst and a hydroxyl-containing compound, other than water.

Active atoms for the purpose of this invention are defined as those hydrogen
atoms which react positively in the well-known Zerewitinoff test. See Kohler, Journal of the
American Chemical Society, p. 3181, Vol. 49 (1927). Representative active atoms inciude those

associated with -OH, -COOH, -SH and -NHR where R can be hydrogen, alkyl, cycloalkyl and aryl
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aromatic functionality. Preferred active atoms for use in this present invention are those of
hydroxy! groups.

Suitable initiators for use in the process of this invention include those having
from 3, and pref/erably up to 8, more preferably up to 6 active hydrogen atoms per molecule.
The suitable initiators advantageously have an equivalent weight of from 50 to 750, preferably
from 75, and preferably up to 500, more preferably up to 300. Typically such initiators include
aromatic or aliphatic amines and aromatic polyols, and preferably are aliphatic or carbohydrate
polyols or mixtures thereof. Exemplary of suitable aliphatic or carbohydrate polyol initiators
include glycerine, trimethylolpropane, methylglucoside, beta-(2-hydroxyethyl)glucoside,
sorbitol, sucrose, or oxyalkylene adducts thereof. Preferred initiators are giycerine,
trimethylolpropane, and low molecular weight oxyalkylene adducts thereof.

The process of this invention is found to be particularly suited to the preparation
of polyether polyols from a C3 or higher alkylene oxide as these, notably propylene oxide and
to a lesser extent butylene oxide, are susceptible to isomerization resulting in unsaturation.
Accordingly, the alkylene oxide used in the process of the present invention comprises
propylene oxide or 1,2-butylene oxide, 2,3-butylene oxide, or mixtures of one or more of these
oxides with one or more other alkylene oxides including ethyiene oxide, styrene oxide, glycidol,
epichlorohydrin or glycidyl ethers such as, for example, allyl glycidyl ether, phenyl glycidyl ether
and butyl glycidyl ether. In a preferred embodiment, the alkylene oxide comprises propylene
oxide, 1,2-butylene oxide or 2,3-butylene oxide optionally in admixture with ethylene oxide. In
a highly preferred embodiment, the alkylene oxide consists essentially of propylene oxide. The
amount of alkylene oxide used in the process is such to confer the desired molecular weight or
hydroxyl equivalent weight to the resulting polyether polyol.

The catalyst used in accordance with the process of this invention to promote the
alkoxylation reaction includes barium, strontium and their oxides, hydroxides, hydrated
hydroxides, monohydroxide salts or mixtures thereof. The preferred catalysts are barium
hydroxide, hydrated barium hydroxide and monqhyd roxide barium salts or mixtures thereof
and the equivalent strontium compounds. Especially preferred is barium hydroxide or
hydrated barium hydroxide. The concentration of the catalyst is such as to provide for the
manufacture of the product within an acceptable time. Advantageously, the catalyst is present
in an amount of from 0.01 to 50, more preferably from 0.05 to 30, and most preferably from
0.08 to 15 percent by weight based upon the weight of the initiator. The quantity of catalyst
used to promote the reaction advantageously is such that the resulting polyether polyol, prior
to neutralization or treatment to remove residual catalyst, contains less than 20000, preferably
less than 10000, and more preferably less than 5000 ppm of the catalytic metal based on the
weight of the end product present. If the resulting crude product contains an excess of catalyst,

then efficient neutralization and/or filtration to remove the catalyst may not be possible.
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The function of the processing aid is to provide for a resulting polyol which has a
reduced unsaturation content relative to a like polyether polyol produced under equivalent
conditions using the same initiator, oxide and catalyst but in the absence of such a processing
aid. To this purpose, the processing aid is present in an amount of fron; 0.1to 10, preferablyin
from 1to 10, more preferably in from 2 to 8, and most preferably in from 2.5 to 7.5 weight
percent, based on total weight of initiator.

The processing aid includes organic monohydroxyl- or dihydroxyl-containing
substances or mixtures thereof having a molecular weight of at least 30, preferably at least 45.
Suitable monohydroxyl containing substances include Cy.g alcohols such as, for example,
methanol, propanol, butanol and especially ethanol. Suitable dihydroxyl-containing
substances include, for example, aliphatic diols, dihydroxyl-terminated ethers, dihydroxyl-
terminated polyethers having a molecular weight of from 150 to 600, and preferably from 150
to 400. Exemplary of preferred aliphatic diols include 1,4-butandiol or 2,3-butandiol; of
preferred dihydroxyl-terminated ethers include di(2-hydroxyethyl)ether or di(2-
hydroxypropyl)ether; and of preferred dihydroxy!-terminated polyethers include
poly(oxypropylene) diol or poly(oxyethylene-oxypropylene) diol and especially
poly(oxyethylene) diol. Processing aids found to be particularly effective in reducing the
unsaturation content of the resulting polyether polyol are poly(oxyethylene) diol with a
molecular weight of 200, and ethanol. Organic substances containing one or two hydroxy!
groups and in addition active atoms associated with -COOH, -SH and -NHR functionality are to
be considered as initiators when the total number of active hydrogens per molecule, including
those associated with the -OH functionality, is 3 or more.

In the process of the invention, advantageously the processing aid is present in
admixture with the initiator and catalyst prior to being contacted with the alkylene oxide. The
reaction with alkylene oxide advantageously is conducted at a temperature within the range of
from 60°C to 180°C, preferably within the range of from 75°C to 130°C and more preferably
within the range of from 85°C to 125°C. The reaction is normally conducted in a closed system
at a pressure generally not exceeding 150 pounds per square inch gauge (psig) (1034 kPa),
preferably not exceeding 120 psig (827kPa) and most preferably not exceeding 75 psig (520
kPa). These pressures are maintained by controlling the feed rates of the alkylene oxide(s) and
thus the quantity of oxide in the gaseous phase at the reaction temperature. Temperatures
and pressures over and above these ranges are generally not beneficial to the quality of
resultant product obtained, and products with a high level of color or unsaturation may be
produced.

The residual catalyst in the polyols produced by the process of this invention may
be removed and/or neutralized by any of the procedures well-known to those skilied in the art
including, for example, coalescence or extraction activities, neutralization by acids such as

phosphoric acid, sulfuric acid, acetic acid, formic acid and solid organic acids as described in U.S.
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Patent 3,000,963. The catalyst may also be removed by the carbon dioxide finishing procedure
as described in the Japanese Patent 55/092,733-A, or removed by adsorption on activated clay
such as, for example, magnesium silicate. After removal and/or neutralization of the catalyst,
the metal cation content of the polyol advantageously is less than 500 ppm, preferably less
than 100 ppm and more preferably less than 50 ppm. Total removal of the metal is rarely
achieved and typically the polyol will contain at least 1, and more typically at least 5 ppm of
metal. Residual metal concentrations over and above these ranges are generally not beneficial
to the use of the product in the preparation of polyurethanes.

The polyether polyols prepared according to the process of this invention
advantageously have an equivalent weight of from 800, and up to 4000, preferably up to 3500,
and more preferably up to 2500. The resulting polyols can be further characterized in that
advantageously they have a total unsaturation content of less than 0.100, preferably less than
0.080, preferably less than 0.050, more preferably less than 0.040 milliequivalents/gram polyol.

The so-obtained polyether polyols may be reacted with organic isocyanates,
preferably polyisocyanates, to produce polymers containing urethane linkages or prior
blended with other active hydrogen-containing compound(s) to provide a polyol composition
to be used for preparing a polyurethane polymer. A polyol composition can comprise from 0.1
10 99.9 percent by weight of one or more polyether polyols prepared by the process of this
invention.

When the polyols prepared by the process of this invention are reacted with
polyisocyanates to manufacture polymer containing urethane linkages the resuliting polymer
can be a polyurethane elastomer or foam, or if the polyisocyanate is in a significant
stoichiometric excess to the polyol the polymer can be an isocyanate-terminated prepolymer.
When preparing a polyurethane foam or elastomer, the reaction optionally comprises other
active hydrogen-containing compounds, catalysts, surfactants, stabilizers, fillers, dyes, flame
retardants, blowing agents and other additives. Suitable processes for the preparation of
polyurethane polymers are discussed in U.S. Patents RE 24514 and 3,821,130, and G.B. Patent
1,534,258. Suitable equipment and processes for the preparation of polyurethane polymers are
further discussed by J. H. Saunders and K. C. Frisch in Polyurethanes Chemistry and Technology,
Volumes | and Il, R. E. Krieger Publishing Company, Inc., ISBN 0-89874-561-6.

The polyols prepared by the process of the invention are useful for the
manufacture of polyurethane polymers in a variety of application areas. Areaé include flexibie
slabstock and molded foam, carpet backing and rigid foams for laminate and insulative
applications. Noncellular polyurethane polymers may also be prepared including elastomers
suitable for use as coatings, shoe soles and molding applications.

The invention s illustrated by the foilowing examples, but which are not to be
construed as limiting the scope thereof. Unless otherwise stated, all parts are by weight. In the

examples, unless otherwise stated, the feed rate of the alkylene oxide is such so as to maintain

-5-



WO 95/18172 PCT/US94/12642

10

15

20

25

30

35

a constant pressure in the reactor of from 40 to 60 psig (275 to 415 kPa gauge) until the desired
quantity has been fed to the reaction.

The equivalent weight of the products produced is calculated from the hydroxyl
number as observed by procedure ASTM E 326-69. Total unsaturation levels are determined by
procedure ASTM D 2849-69. All unsaturation values relate to products in which the catalyst has
been neutralized and/or removed by filtering.

The following abbreviations are used to designate initiators (i), comparative
initiators (I*), processing aids (A), and comparative processing aids (A*):

a glycerine-oxypropylene adduct with a molecular weight of 255;

1*-2: 1,4-Butanediol;

1*-3: 2,3-Butanediol;

I*-4: Dipropylene glycol;

I-5: Trimethylolpropane;

[*-6: Poly(oxyethylene)glycol of molecular weight 200;
A*-1: Water;

A-2: n-Butanol;

A-3: 2-Butanol;

A-4: t-Butanol;

A-5: 1,4-Butanediol;

A-6: 2,3-Butanediol;

A-7: Ethanol

A-8: Di(2-hydroxypropyl)ether commonly referred to as dipropylene glycol (DPG)
A-9: Poly(oxyethylene)glycol of molecular weight 200.
Example 1

Polyether polyols are prepared according to the following general procedure.
Actual amounts of reactants and specific conditions are given in Table |. Aninitiator/catalyst
mixture is prepared by adding to the initiator in a closed reaction vessel equipped with a stirrer,
the catalyst barium hydroxide octahydrate in an amount of 32.5 weight percent based on
weight of initiator present. The resulting mixture is brought to, and maintained at, a
temperature of 125°C for one hour while applying a vacuum to reduce the water content to less
than 100 ppm. Water content can be observed by conventional methods includir;g the Karl-
Fischer titration procedure. To the so-obtained “dry” mixture is then added the processing aid
in the given weight percent relative to the initiator present. The resulting mixture is then,
under a nitrogen atmosphere, brought to the desired alkoxylation reaction temperature prior
to commencing the introduction of propylene oxide. After feeding of the propylene oxide is
completed the resulting reaction mixture is stirred for 1 to 4 hours until a near constant
pressure within the reaction vessel is attained. The so-obtained crude polyether polyol is then

cooled to ambient temperature and subsequently treated with magnesium silicate to remove
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the alkoxylation catalyst. The hydroxyl number and unsaturation content of the polyether

polyols prepared are reported in Table 1.

Table |
pouvon ter | recesing |recion) "G |yt eomant 2,
(pbw) (meg/gram) :

1* 1-1//20.5 / 125°C 196.4 59 0.14 /
2* -1//20.2 { A-1// 0.5% | 125°C 192.3 64 0.056 60

" T3 T [-1/206| A2i5% | 125°C | 1976 || 66 | o078 . 45 |
4 1-1//20.1 | A-3//5% 125°C 181.5 67 0.1 28
5 -1//21.0} A-4//5% 125°C 182.2 65 0.087 38
6 -11120.3 | A-5//5% 125°C 200.2 63 0.066 53
7 I-1//20.1| A-6//5% 125°C 199.2 64 0.097 31
8* 1-2//11.0 / 125°C 197.9 54 0.074 /
9* 1-2//10.3 {A-1// 0.5% | 125°C 199.6 56 0.058 22
10* I-4//18.9 / 125°C 197.2 56 0.07 /
11* 1-4//19.2 |A-1// 0.5% | 125°C 196.8 56 0.07 0
12* 1-1//25.4 / 110°C 226.0 62 0.052 /
13* 1-1//24.1 | A-1//0.5% 110°C 216.7 64 0.024 i 54

(T4 [11u232| A4ns% | 110°C | 1993 || 69 | 0031 | 40 |
15 -1//23.1} A-5//5% 110°C 199.9 67 0.034 35
16 -1//23.2 | A-7//15% 110°C 111.3 67 0.026 50
17 1-1//23.2{ A-8//5% 110°C 200.1 74 0.025 52
18 1-11/23.2 | A-9//5% 110°C 198.9 59 0.023 56
19* 1-3//13.2 / 110°C 203.0 62 0.046 /
20* 1-3//13.2 | A-1//0.5% 110°C 206.1 63 0.041 10
21* I-4//19.0 / 110°C 202.2 65 0.028 /
22* I-4//19.1 | A-1//0.5% | 110°C 198.3 63 0.021 25
23* -5/114.0 / 110°C 216.1 59 0.085 /
24* -5//13.8 | A-1//0.5% | 110°C 215.7 61 0.054 36
25* I-6//18.7 / 110°C 205 70 0.041 /

* Comparative Example
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When preparing polyols at 125°C, a significant reduction in the unsaturation leve!
of polyether triols is obtained in the presence of various hydroxyl-containing processing aids
besides water, notably 1,4-butandiol (Polyol 6). Similar observations are made when polyols
are produced at a lower reaction temperature. Particularly of value as processing aid is ethanol
(Polyol 16), DPG (Polyo! 17) and poly(oxyethylene)glycol (Polyol 18).

These findings permit the preparation of polyether polyols having a reduced level
of unsaturation without recourse to concomitant addition of small, and frequently difficult to
control, amounts of water during the alkoxylation process. In the present invention the
processing aid is employed in-easily handled and controlled amounts. While ethanol is
observed to function effectively in reducing the unsaturation content of the polyether polyol
its presence reduces the overall functionality of the polyol and this should be taken into
consideration when subsequently using the product to prepare, for example, a polyurethane

polymer.



WO 95/18172 PCT/US94/12612

10

15

20

25

30

35

CLAIMS:

1. A process for preparing a polyether polyol having an equivalent weight of
from 800 to 4000 by reacting an initiator containing at least three active hydrogen atoms per
molecule with an alkylene oxide comprising propylene oxide or butylene oxide in the presenceA
of a catalyst and a processing aid wherein the catalyst is barium, strontium; an oxide,
hydroxide, hydrated hydroxide or monohydroxide salt, of barium or strontium; or mixture
thereof; and the processing aid has aimoiecular weight of at least 30 and is an organic
monohydroxyl- or dihydroxyl-containing substance or mixture thereof, the processing aid
being present in from 1 to 10 weight percent based on total weight of initiator.

2. Aprocess as claimed in Claim 1 wherein the processing aid is a monohydroxyl-
containing substance including ethanol, propanol or butanol.

3. Aprocess as claimed in Claim 1 wherein the processing aid is a dihydroxyl-
containing substance including an aliphatic diol, a dihydroxyl-terminated ether or a
dihydroxyi-terminated polyether.

4. A process as ciaimed in Claim 3 wherein the aliphatic diol comprises
1,4-butanediol or 2,3-butanediol, and the dihydroxyl-terminated ether comprises di(2-
hydroxyethyl)ether or di(2-hydroxypropyl)ether.

5. A process as claimed in Ciaim 3 wherein the dihydroxyl-terminated polyether
has a molecular weight of from 150 to 600 and comprises a poly(oxyethylene) diol, a
poly(oxypropylene) diol or a poly(oxyethylene-oxypropyiene) diol.

6. A process as claimed in Claims 1 to 5 wherein the alkylene oxides consists
essentially of propylene oxide.

7. Aprocess as claimed in Claims 1 to 5 wherein the catalyst is present in from
0.01 to 50 weight percent based on total weight of the initiator and is barium hydroxide, a
hydrated barium hydroxide, strontium hydroxide or a hydrated strontium hydroxide.

8. A process for preparing a polyether polyol having an equivalent weight of
from 800 to 2500 by reacting an initiator which comprises glycerine, trimethylolpropane,
methylglucoside, beta-(2-hydroxyethyl)glucoside, sorbitol, or oxyalkylene adducts thereof
having an equivalent weight of up to 500 with propylene oxide in the presence of:

i)y from 0.01 to 50 weight percent based on total weight of the initiator of barium,
strontium; an oxide, hydroxide, hydrated hydroxide or monohydroxide salt, of
barium or strontium; or mixture thereof; and

it) a processing aid, presentin from 1 to 10 weight percent based on total weight of
initiator, comprising ethanol or a poly-(oxyethylene) diol, a poly(oxypropyiene)
diol or a poly(oxyethylene-oxypropylene) diol which has a molecular weight of
from 150 to 600.
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9. A polyol produced according to a process as claimed in Claim 1.
10. A polymer containing urethane linkages prepared by reacting an organic

isocyanate with a polyol obtained according to a process as claimed in Claim 1.
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AMENDED CLAIMS
[received by the International Bureau on 21 April 1995 (21.04.95);
original claims 1 and 8 amended; remaining claims unchanged (1 pages) ]

1. A process for preparing a polyether polyol having an equivalent weight of
from 800 to 4000 by reacting an initiator containing at least three active hydrogen atoms per
molecule with an alkylene oxide comprising propylene oxide or butyiene oxide in the presence
of a catalyst and a processing aid wherein the catalyst is barium, strontium; an oxide,
hydroxide, hydrated hydroxide or monohydroxide salt, of barium or strontium; or mixture
thereof; and the processing aid has a molecular weight of at least 30 and is an organic
monohydroxyl- or dihydroxyi-containing substance or mixture thereof, the processing aid
being present in from 1 to 8 weight percent based on total weight of initiator.

2. Aprocessasclaimed in Claim 1 wherein the processing aid is a
monohydroxyl-containing substance including ethanol, propanol or butanol.

3. Aprocess as claimed in Claim 1 wherein the processing aid is a dihydroxyi-
containing substance including an aliphatic diol, a dihydroxyl-terminated ether or a
dihydroxyi-terminated polyether.

4, A process as claimed in Claim 3 wherein the aliphatic diol comprises 1,4-
butandiol or 2,3-butandiol, and the dihydroxyl-terminated ether comprises di(2-
hyd roxyethyl)etHer or di(2-hydroxypropyl)ether.

5. A process as claimed in Claim 3 wherein the dihydroxyl-terminated
polyether has a molecular weight of from 150 to 600 and comprises a poly(oxyethylene) diol, a
poly(oxypropyiene) diol or a poly(oxyethylene-oxypropyiene) diol.

6. A process as claimed in Claims 1 to 5 wherein the alkylene oxides consists
essentially of propylene oxide.

7. A process as claimed in Claims 1 to 5 wherein the catalyst is present in from‘
0.01 to 50 weight percent based on total weight of the initiator and is barium hydroxide, a
hydrated barium hydroxide, strontium hydroxide or a hydrated strontium hydroxide.

8. Aprocess for preparing a polyether polyol having an equivalent weight of
from 800 to 2500 by reacting an initiator which comprises glycerine, trimethylolpropane,
methylglucoside, beta-(2-hydroxyethyl)glucoside, sorbitol, or oxyalkylene adducts thereof
having an equivalent weight of up to 500 with propylene oxide in the presence of:

i) from 0.01 to 50 weight percent based on total weight of the initiator of barium,
strontium; an oxide, hydroxide, hydrated hydroxide or monohydroxide salt, of
barium or strontium; or mixture thereof; and

ii) a processing aid, present in from 1 to 8 weight percent based on total weight of
initiator, comprising ethanol or a poly-(oxyethylene) diol, a poly(oxypropylene)
diol or a poly(oxyethylene-oxypropylene) diol which has a molecular weight of
from 150 to 600.

-11-
AMENDED SHEET (ARTICLE 19)



INTERNATIONAL SEARCH REPORT International Application No
PCT/US 94/12612

A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 C08G65/10 €08G18/48 €08G65/26 €08G65/28 €07C41/03

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 CO08G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP,A,0 046 947 (CONOCO INC.) 10 March 1982 1-4,6-8
see claims 1,2,12,14
see example 11
A EP,A,0 049 358 (CONOCO INC) 14 April 1982 1-8
see example 5
A EP,A,0 115 083 (UNION CARBIDE) 8 August 1-8
1984
see example 9
A EP,A,0 369 487 (DOW CHEMICAL CO.) 23 May 1-8
1990
cited in the application
see example 16
D Further documents are listed in the continuation of box C. m Patent family members are listed in annex.

. : : B .
Special categories of cited documents : "T” later document published after the international filing date

or priority date and not in conflict with the applicaton but

*A" document defining the general state of the art which is not ; inciple or th derlying the
considered to be of particular relevance ;?:ngpm“ndmm" the principle or theory underlying

“E’ carlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

‘L’ document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another Y document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ’ ments, such combination being obvious to a person skilled

“P* document published prior to the international filing date but in the art. )
later than the priority date claimed *&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

2 February 1995 27029 5

Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
T }22:? %;Gmimik Tx. 31 651

el. (+31- 40-2040, epo nl, 1 .
Fax: (+ 31-70) 340-3016 ’ A 0'Sullivan, T

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/US 94/12612

= e P
EP-A-0046947 10-03-82 JP-A- 57045112 13-03-82
EP-A-0049358 14-04-82 JP-A- 57064629 19-04-82
EP-A-0115083 08-08-84 CA-A- 1247649 27-12-88
JP-C- 1616067 30-08-91
JP-B- 2034930 07-08-90
JP-A- 59132928 31-07-84
EP-A-0369487 23-05-90 US-A- 5010187 23-04-91
UsS-A- 5114619 19-05-92
AU-B- 619359 23-01-92
AU-A- 4477789 24-05-90
CA-A- 2003224 18-05-90
CN-B- 1024558 18-05-94
JP-A- 2219822 03-09-90
Us-A- 5070125 03-12-91

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Amendment
	Search_Report

