
EP 0 323 096 B1 Description This invention relates to the production of
articles of bonded particulate material and binder composi- tions for use
therein. 5     The invention will be described with particular reference to
the production of foundry moulds or cores. It is known from British patent
application No. 2037787A to produce foundry moulds or cores from sand and a
binder, which can be cured by carbon dioxide gas, consisting of an
alcohol-soluble phenolic resin, a polyvalent metal hydroxide (such as
calcium hydroxide) and/or oxide, an organic solvent (such as methanol or
ethanol), an alkali metal hydroxide and water. Such a binder system is
disadvantageous because, since 10 the polyvalent metal hydroxide and/or
oxide is a powder, metering of the amount added to the sand is difficult to
control and the reactivity of the powder is a function of its particle
size. When the binder is in contact with carbon dioxide gas the polyvalent
metal (e.g. calcium) ions are solubilised and cause crosslinking of the
phenolic resin molecules. Such binders tend to harden slowly in the absence
of air and more rapidly when allowed to stand in contact with air. 5     It
is further known from United States Patent No. 2889241 to use an aqueous
alkaline thermosetting phenol -formaldehyde resin solution to which has
been added a boron-oxygen compound such as boric acid, an alkali metal
borate or ammonium borate as an adhesive in the manufacture of plywood. In
use the adhesive is cured by the action of heat. It is further known from
Japanese Patent Publication No. 60-0302 to use as a binder for refractory
materials a polyvinyl alcohol modified, base catalysed phenol-formaldehyde
resin and to harden the resin at room temperature using boric acid and/or a
tetraborate as hardener. It is further known from United States Patent No.
4584329 to make a hardenable moulding mass using a phenol-formaldehyde
resin binder containing a boric acid compound. The boric acid compound may
be incorporated in the resin binder during condensation of the resin or the
resin binder may be ground with the 25 boric acid compound. It is further
known from British Patent No. 966678 to condense a phenol with a source of
formaldehyde in contact with a borate of zinc or other bivalent metal as
catalyst. According to the present invention there is provided a binder
composition comprising an alkaline aqueous solution of a resol
phenol-aldehyde resin and an oxyanion which can form a stable complex with
30 the resin the alkali being present in the solution in an amount
sufficient to substantially prevent stable complex formation between the
resin and the oxyanion. According to a further feature of the invention
there is provided a process for the production of an article of bonded
particulate material comprising forming to a desired shape a mixture of
particulate material and a binder composition comprising an alkaline
aqueous solution of a resol phenol-aldehyde resin and an 35 oxyanion which
can form a stable complex with the resin and passing carbon dioxide gas
through the formed shape so as to cause the oxyanion to form a stable
complex with the resin and thereby to cure the resin. The oxyanions present
in the binder composition act as cross-linking agents for the resin by
forming complexes with adjacent resol phenol-aldehyde chains and the
cross-linking action of the oxyanions is 40 promoted by the carbon dioxide
gas which is passed through the article formed of particulate material and
the binder composition. As a result much larger, more highly cross-linked
resol phenol-aldehyde molecules are formed and the resin is cured. The
exact mechanism by which the carbon dioxide promotes curing of the resin is
not certain but the carbon dioxide forms carbonic acid by reaction with
water in the binder composition, thus lowering the pH of the binder and the
oxyanions form stable complexes with the resin 45 molecules at the reduced
pH. The alkalinity of the binder composition must be such that the
oxyanions remain largely in the uncomplexed state. Complexing and hence
curing of the resin on the passage of carbon dioxide takes place when the
pH is reduced. The preferred resol phenol-aldehyde resin is one which
contains predominantly molecules in which adjacent phenolic residues are
linked together by methylene groups forming bridges between the ortho and 



50 para positions because such molecules have a large number of sites for
complexing with the oxyanions. Molecules in which the phenolic residues are
linked by ortho-ortho methylene bridges have very few sites for complexing
with oxyanions, (in the case of a linear, molecule only one site at each
end), and it is therefore desirable that such molecules are absent, or that
they are present in the resin in relatively small numbers. Resins
containing molecules having phenolic residues linked by a combination of
ortho-para 55  methylene bridges and ortho-ortho may be used but are less
preferred. In order to maximise the number of sites for oxyanion complexing
all the available positions on the phenolic residues which are ortho to the
phenolic hydroxyl group in an ortho-para methylene bridged molecule should
be methylolated. 2    EP0323096B1 The phenol which is used to produce the
resol phenol-aldehyde resin is preferably one which produces a condensation
product when reacted with an aldehyde having the highest possible number of
ortho- methylol  groups. The preferred phenol is phenol itself. Substituted
phenols such as p-cresol or m-cresol, or phenolic compounds such as
p-phenol sulphonic acids may be used, either on their own or in a 5
combination with phenol, but these produce resins which give inferior
results compared to the results given by resins produced from phenol
itself. P-cresol for example, can only form phenol-aldehyde molecules in
which the phenolic residues are linked by ortho-ortho methylene bridges and
the molecules can therefore only complex with the oxyanions at their ends.
The aldehyde may be for example, formaldehyde, butyraldehyde, glyoxal or
furfuraldehyde. Formal- 10 dehyde is preferred. The resol phenol-aldehyde
resin is preferably produced by the condensation of the phenol and the
aldehyde in the presence of a base catalyst which may be for example
ammonium hydroxide or an alkali metal hydroxide such as sodium hydroxide or
potassium hydroxide. Alkali metal hydroxide catalysts are preferred because
they produce a resin in which the phenolic residues are linked
predominantly by ortho- 15  para or para-para methylene bridges and from
which phenolic residues linked by ortho-ortho methylene bridges are
essentially absent. Other catalysts, such as zinc acetate, may be used,
either on their own or in combination with an alkali metal hydroxide.
However, catalysts such as zinc acetate are less desirable because they
yield resins having a mixed bridging structure containing ortho-ortho
benzylic ether bridges and ortho-para methylene 20  bridges, and hence a
reduced capacity for complexing with the oxyanions. The mole ratio of
aldehyde (expressed as formaldehyde) to phenol in the resin may be in the
range of from 1:1 to 3:1 but is preferably in the range from 1.6:1 to
2.5:1. The resol phenol-aldehyde resin used in the process and binder
composition of the invention preferably has an intrinsic viscosity in the
range of from 4.0 to 7.5 [err] more preferably in the range of from 4.5 to
25  7.0 [err] The viscosity of a liquid is its resistance to flow and when
measured by flow of the liquid through a capillary the viscosity is given
by the formula. [err] where [err] is the viscosity and t is the time taken
for a volume V to pass through a capillary of length 1 and 35 radius r at
an external pressure P. When using a given capillary with the same volume
of liquid passing through, and liquids of similar density, the viscosity is
directly proportional to the flow time. Thus for a solution of a resin in a
solvent the specific viscosity [err] sp is defined as 40 [err] 



45 where [err] solution is the viscosity of the resin solution, [err]
solvent is the viscosity of the solvent used to dissolve the resin, ts is
the flow time of the resin solution and to is the flow time of the solvent.
The specific viscosity of the resin is dependent on its concentration
according to the formula 50 [err] 55  where c is the concentration of the
resin in the solution, A and B are constants and [err] is the intrinsic
viscosity. If the specific viscosities of a series of solutions of
different concentrations are measured and a graph of [err] sp/c against c
is plotted, a straight line is obtained the intercept on the [err]  s/c
axis being the intrinsic 3    EP 0 323 096 B1 viscosity of the resin. After
production the resol phenol-aldehyde resin is made alkaline by the addition
of, for example, sodium hydroxide or potassium hydroxide, which is
conveniently added as an aqueous solution. The preferred alkali is
potassium hydroxide because it results In a binder composition having a
lower viscosity 5  for a given degree of polymerisation of the resin
compared to sodium hydroxide and the performance of the binder composition
is superior. The molar ratio of the alkali present in the binder (expressed
as hydroxyl ions) to phenol is preferably in the range of 0.5:1 to 3.0:1,
more preferably 1.5:1 to 2.5:1. The alkali includes any alkali used as
catalyst in the synthesis of the resin, any additional alkali which may be
added during the synthesis and alkali added 10 after synthesis of the resin
and during manufacture of the binder. Examples of suitable oxyanions for
use in the process and binder composition of the invention include borate,
stannate and aluminate ions. Borate ions are preferred. The oxyanion may be
introduced into the binder composition by the addition of for example
alkali metal oxyanion salts such as sodium tetraborate decahydrate,
potassium tetraborate tetrahydrate, sodium 15 metaborate, sodium
pentaborate, sodium stannate trihydrate or sodium aluminate, or an ammonium
15 oxyanion salt such as ammonium borate. Borate ions may also be
introduced by the addition of boric acid or they may be formed by reaction
between added boric oxide and the alkali In the binder solution. The mole
ratio of oxyanions (expressed as boron, tin etc.) to phenol is preferably
in the range of from 0.1:1 to 1:1. When the oxyanion is borate the mole
ratio of boron to phenol is more preferably in the range of from 0.3:1 to
0.6:1. The binder composition preferably also contains a silane such as
gamma-aminopropyltriethoxysilane, phenol trimethoxysilane or
gammaglycidoxypropyltrimethoxysilane usually in an amount of 0.2% to 1.0%
by weight. If desired an additional solvent such as methanol or ethanol may
be included in the binder composition. 25     Although other methods may be
used the preferred method of manufacturing the binder of the invention is
as follows:- Phenol is melted and formaldehyde (as paraformaldehyde) and
the alkali metal hydroxide catalyst solution are then added. A resol
phenol-formaldehyde is then produced by polymerisation of the phenol and
formaldehyde in two or more heating stages over a range of temperatures
from about 60 C to about 95 C. 30 The degree of polymerisation of the resin
is monitored by measuring the viscosity of a diluted sample of the resin
towards the end of the process. The final resin is cooled, alkali is added
as alkali metal hydroxide solution and the oxyanions are added. The binder
composition obtained Is finally cooled and the silane added. When the
binder composition is used to produce foundry moulds or cores from
particulate refractory 



35 materials the particulate refractory material may be selected from any
such materials known for that use. Examples of suitable materials include
silica, olivine, chromite and zircon sands. The quantity of binder
composition used will usually be from 1% to 10% by weight, preferably 1.5%
to 5% by weight based on the weight of the particulate refractory material.
By means of the process of the invention foundry moulds and cores may be
produced, ready for use in 40 metal casting, in a very short time. The
following examples will serve to illustrate the invention:- EXAMPLE 1 45
A series of five resol phenol-formaldehyde resins was synthesised having an
increasing molar ratio of formaldehyde to phenol (F:P) ranging from 3.0:1
to 2.0:1 using sodium hydroxide as catalyst. The compositions of the resins
are tabulated in Table 1 below. 50 55    EP 0 323 096 B1 TABLE 1 Component
Mass/g 5                     1A                            1B       1C
1D  1E Phenol                       800      800       800      800
800 91 % w/w para formaldehyde   284.3    364.7    348.8    701.3    841.6
50% w/w aqueous NaOH          40.85    40.85    40.85    40.85    40.85 10
Molar F:P                    1.01:1    1.3:1     1.6:1    2.5:1    3.0:1
Molar OH-:P                  0.06:1    0.06:1            0.06:1   0.06:1 %
water in starting composition  4.1     4.4      4.7      5.4       5.7 The
following procedure was used:- 1. Charge and melt phenol. 2. Charge
paraformaldehyde and sodium hydroxide solution and heat to [err] at a rate
of [err] per minute. 3. Cool to counteract exothermic reaction and maintain
at 65 C for 1 hour. 4. Heat to [err] at a rate of [err] per minute. 20
5. Maintain at 75 C for 30 minutes. 6. Heat to [err] at a rate of [err] per
minute. 7. Maintain at 85 C. The resins were maintained at 85 C for
sufficient time for each of them to reach the same viscosity range of 4000
- 6000 cps at 25 C measured using Paint Research Association Bubble
Viscosity.Tubes on a 5  25 g sample diluted with 15 g of 50% w/w potassium
hydroxide solution. Resin 1A was maintained at [err] for 320 minutes, resin
1 B for 280 minutes, resin 1 C for 240 minutes, resin 1 D for 170 minutes
and resin 1 E for 150 minutes. The base resins were used to produce a
series of binders of different alkalinity as shown in Table 2 below. 30 35
40 45 50 55 5 



EP0323096B1 TABLE 2 Mass/g Base  50% w/w                     A1102 Binder
F:P                   5% w/w              Borax   A1102 10
Molar      Molar  Resin   KOH                      Silane Ratio AA
1.01:1         25            30              5.0        0.39 1 AB
25            35             5.0        0.39 1  AC                       25
40              5.0    0.39 1  BA       1.3:1           25           30
5.0        0.39 20          1 BB                        25            35
5.0       0.39 1  BC                       25            40             5.0
0.39 1 CA        1.6:1           25            30             5.0
0.39 26          1 CA                        25            35
5.0        0.39 1 CC                        25           40
5.0        0.39 30          1 DA         2.5:1          25            30
5.0        0.39 1 DB                        25            35
5.0        0.39 1 DC                        25            40
5.0        0.39 1 EA        3.0:1           25           30
5.0        0.39 1  EB                       25            35
5.0        0.39 1  EC                       25           40
5.0        0.39 40 In each case the required amount of potassium hydroxide
solution was added to the base resin, the temperature rise due to
exothermic reaction was controlled and the resin was cooled. The borax
(sodium tetraborate decahydrate) was added and mixed into the resin until
it had dissolved. The silane was then 45  added at a temperature of below
30  C. The binders were tested as binders for foundry sand using the
following procedure:- The binder was mixed with 2.0 kg of Chelford 60 sand
(AFS Fineness No. 55) and the mixture was used to prepare standard AFS 50
mm x 50 mm diameter cylindrical cores. In each case the quantity of binder
used was such that a constant mass (22.72 g) of base resin was deposited on
2 kg of sand. The cores were 50  hardened by the passage of carbon dioxide
gas for various times at a temperature of 20 - [err] a 0.35 [err] line
pressure and a 6.0 litres per minute flow rate. The compression strength of
the hardened cores was measured immediately after gassing on a Ridsdale
Universal Compression tester. The OH-:P molar ratio and mass of binder used
and the results obtained are tabulated in Table 3 below. 55 6    EP 0 323
096 B1 TABLE 3 Binder  OH-:P Molar Mass Deposited on   Compression Strength
[err] For 5                      Ratio        sand (g)            Gassing
Period (seconds) 30          60         120 



1 AA      1.48:1         54.88          4.9          6.3         7.4 1 AB
1.71:1         59.43          4.2          5.9         7.0 1 AC      1.95:1
63.97          3.4          5.0         6.4 10 1 BA      1.58:1
54.88          4.6          5.5         6.5 1 BB      1.83:1         59.43
4.9          5.9         7.0 1 BC      2.09:1         63.97          4.2
5.5         6.2 1 CA      1.68:1         54.88          3.8          4.9
6.0 1 CB      1.95:1         59.43          4.9          6.1         7.2 1
CC      2.22:1         63.97          4.4          5.0         6.2 1 DA
2.00:1         54.88         12.7         14.8        17.3 1 DB      2.32:1
59.43         14.1         17.5        18.8 20           1 DC      2.65:1
63.97         13.8         16.0        18.0 1 EA      2.19:1         54.88
13.0         14.8        16.2 1 EB      2.54:1         59.43         14.8
16.6        18.5 1 EC      2.89:1         63.97         13.7         16.1
17.3 25 The results show that throughout the range of F:P molar ratios from
1.0:1 to 3.0:1 the resin can be cured by carbon dioxide gas and that there
is a marked increase in the compression strength of the cores obtained
between a molar ratio of F:P of 1.6:1 and 2.5:1. The results also indicate
that the polymer backbone should be fully methylolated for optimum
performance. For a methylene bridged polymer the 30 maximum F:P ratio is 2N
+1 :N where N is the number of phenolic residues per molecule. At high
degrees of polymerisation the maximum formaldehyde incorporation level
tends to a F:P ratio of 2.0:1. Very high F:P reaction ratios (of the order
of 3.0:1) therefore lead to large amounts of unincorporated formaldehyde
and hence reduced masses of useful binder. 35  EXAMPLE 2 Three series of
resol phenol-formaldehyde resins, series 2A, 2B and 2C having molar ratios
of formaldehyde to phenol (F:P) of 1.6:1, 2.3:1 and 2.5:1 respectively were
synthesised using a similar procedure to that described in Example 1 but
ending at step 5. For each series reaction times at step 5 40 ranged from 4
to 9 hours. Series 2A had the same composition as Resin 1C of Example 1 and
series 2C had the same composition as Resin 1 D of Example 1. Series 2B had
the following composition:- phenol                           800.00 g 91%
w/w paraformaldehyde         642.20 g 50% w/w sodium hydroxide solution
40.85 g F:P molar ratio                  2.3:1 OH-:P molar ratio
0.06:1 water in starting composition      5.2% w/w 50 The intrinsic
viscosity of each of the resins was determined using the following
procedure. Approximately 3 g of the resin were accurately weighed in a
weighing bottle and dissolved in 15 cm3 of methanol. The resulting solution
was transferred to a graduated flask and made up to 25 cm3 with methanol.
55 The flask was inverted to thoroughly mix the solution and the added
methanol. The weighing bottle was allowed to stand to allow any methanol
remaining in it to evaporate and weighed periodically until it had reached
constant weight, thus giving an accurate measure of the amount of sample
actually used and accounting for any sample left on the surface of the
weighing bottle. The difference between the final weight 7   



EP 0 323 096 B1 of the bottle and the initial weight was used to calculate
the concentration of the sample in the solution. To adjust the sample
concentration to give the actual concentration of resin in the solution a
quantity of each sample was placed in a preweighed weighing bottle and
heated at 100 C until constant weight was achieved. Volatiles were thus
driven off and an accurate measure of the percentage of resin in the sample
5  was obtained. The concentrations of the sample solutions were adjusted
accordingly. A suspended level Ubbelholde dilution viscometer was used to
measure the viscosity of the solutions. Prior to use and before changing
samples the viscometer was soaked overnight in concentrated nitric acid,
thoroughly washed with filtered distilled water, then with methanol and
finally with acetone. The viscometer was then allowed to dry. to    The
viscometer was submerged in a water bath maintained at 23.80 C  0.1 C. A
chrome-aluminel thermocouple placed inside the viscometer and connected to
a chart recorder was used to determine when the temperature of the resin
solution had reached the temperature of the water bath and to ensure that
during a viscosity measurement the temperature did not vary by more than
[err]. As it was found that the 2.3:1 and 2.5:1 F:P molar ratio resins
behaved as polyelectrolytes rather than as uncharged polymer chains due to
the presence of hydroxide ions in the resin all samples were neutralised
before viscosity determinations were done. To prevent the precipitation of
the resin which would occur if aqueous acid solutions were used for
neutralisation dry hydrogen chloride gas, passed through concentrated
sulphuric acid and over calcium chloride, was bubbled through the solution
until the pH was reduced to 7. 20     5 cm3 of sample were pipetted into
the viscometer and once the thermocouple reading was constant a measurement
was made by timing the flow time of the sample between the graduations of
the viscometer. The measurement was repeated 5 times and the measurements
were averaged. The sample solution was then diluted with methanol which was
thoroughly mixed with the solution by bubbling nitrogen through the
mixture. Measurements were then made and the results averaged. This was
repeated so that measurements 25  were made on each resin at four
dilutions. Finally the flow time of the solvent methanol was measured at a
range of temperatures from 23.70 to [err] so that the correct value of the
flow time for methanol could be used for each flow time of the solution for
determining the specific viscosity of the samples. The 2.3:1 and 2.5:1 F:P
molar ratio resin samples were diluted with 2 cm3 of methanol each time the
sample was diluted and further measurements were made. In the case of the
1.6:1 F:P molar ratio resins it 30  was found that at low concentrations
the solutions began to exhibit polyelectrolyte behaviour. So that the
viscometer measurements could be used to produce an accurate value of the
specific viscosity, a restricted concentration range was therefore used and
each time a sample was diluted 1 cm3 of methanol was used instead of 2 cm3.
For each resin sample at each dilution the specific viscosity (solution
flow time minus methanol flow 35 time divided by methanol flow time) was
calculated and the intrinsic viscosity for each resin sample was then
determined by plotting the specific viscosity divided by the concentration
against concentration and extrapolation to zero. The results obtained in
the form of intrinsic viscosity plotted against reaction time at [err]
(I.e. at step 5 in the resin synthesis procedure) are shown in Figure 1 of
the accompanying diagrammatic drawings. 40     The series 2B resins which
had the widest intrinsic viscosity range were used to produce a series of
binder compositions according to the procedure described in Example 1. The
composition of the binders is shown in Table 4 below. TABLE 4 45 Binder
Reaction time at                    Mass/g 75 C (Hours) Base Resin  50% w/w
KOH   Borax   All 02 Silane 



50          2 BA           4             25            35         5.0
0.39 2 BB          6             25            35         5.0        0.39 2
BC          8     -       25            35         5.0        0.39 2 BD
9             25            35         5.0        0.39 55 Each of the
binders was tested using the procedure described in Example 1. In each case
the quantity of binder used was such that a constant mass (22.72 g) of base
resin was deposited on 2 kg sand, and cores were gassed for 30, 60 and 120
seconds with carbon dioxide. 8    EP 0 323 096 B1 The boron to phenol molar
ratio (B:P), the mass of binder used and the results obtained are tabulated
in Table 5 below. The results are also shown graphically in Figure 2 of the
drawings in the form of compression strength of the test cores plotted
against resin reaction time at 75 C for three different carbon dioxide
gassing times. 5 TABLE 5 Boron: Phenol   Mass deposited on 2 kg
Compression strength/kg [err] for 10                   Molar Ratio
CHELFORD 60 sand             Gassing Period 30s       60s      120s 2 BA
0,36:1             59.42 g           11.5      12.5      13.0 2 BB
0.36:1             59.42 g           15.1      17.0      18.5 2 BC
0.36:1            59.42 g           14.0      16.0      17.5 2 BD
0.36:1             59.42g            11.5      14.0      15.4 The results
indicate that adequate test core compression strength is achieved using
resins which have been reacted for between 4 and 9 hours at step 5 in the
synthesis procedure, with optimum strengths being 20 obtained using resins
which have been reacted for between 5 and 8 hours at step 5. As can be seen
from Figure 1 reaction times at step 5 of 4 to 9 hours correspond to
intrinsic viscosities of the resin of about 4.7 to 7.5 [err] and reaction
times at step 5 of 5 to 8 hours correspond to intrinsic viscosities of
about 5.0 to 6.5 [err] . 25  EXAMPLE 3 A base resin of the same composition
as the series 2B resin of Example 2 was synthesised. The base resin was
synthesised using the procedure described in Example 1 and  was maintained
at a temperature of [err] at step 7 for 190 minutes. The viscosity of the
base resin was in the range 4000 - 30 6000 cps at [err] measured using the
procedure described in Example 1. The base resin was used to produce a
series of binders of different levels of alkalinity as shown in Table 6
below. TABLE 6 35 Binder                       Mass/g Base Resin  50% w/w
KOH   Borax   Al102 Silane 3A        25             15         5.0
0.39 3B         25            20         5.0        0.39 3C        25
25         5.0        0.39 3D        25             30         5.0
0.39 3E        25             35         5.0        0.39 3F         25
40         5.0        0.39 



3G        25             45         5.0        0.39 3H        25
50         5.0        0.39 Each of the binders was tested using the
procedure described in Example 1. In each case the quantity 50 of binder
used was such that a constant mass (22.72 g) of base resin was deposited on
2 kg sand and the cores were gassed for 120 seconds. The OH-:P ratio and
mass of binder used and the results obtained are tabulated in Table 7
below. 55    EP 0 323 096 B1 TABLE 7 Binder OH-:P Ratio   Mass deposited on
2 kg CHELFORD 60 sand    Compression Strength/kg [err] Gassing Period 120 s
3A        1.00:1                     41.25 g                             0
3B        1.31:1                     45.79 g                             0
3C        1.62:1                     50.33 g
14.6 3D        1.93:1                     54.88 g
18.4 10     3E        2.25:1                     59.43 g
19.1 3F        2.56:1                     63.97 g
18.4 3G        2.87:1                     68.51 g
19.5 3H        3.18:1                     73.06 g
18.2 The results indicate that for the particular binder compositions
tested OH-:P molar ratios above about 1.8 yield the optimum binder
performance. Binders 3A and 3B were very viscous and formed very "dry"
mixtures with sand with the result that the test cores had compression
strengths which were too low for any reading to be recorded on the
equipment used. Binders of the same composition as binders 3A and 3B were
therefore prepared from a similar base resin and further diluted with
water, methanol and/or 50% w/w aqueous potassium hydroxide. The binders
were tested using the procedure described in Example 1. In each case the
quantity of binder used was 59.4 g so that 22.72 g base resin were
deposited on 2 kg of Chelford 60 sand. The composition of the binders and
the results obtained are tabulated in Table 8 below. Tests were also made
using a binder (3K) having the same composition as binder 3E for
comparison. TABLE 8 30 Mass/g COMPOSITION           3I 3J
3K        3L         3M 36 Base  Resin          25.0      25.0       25.0
25.0      25.0 50%  w/w  KOH        15.0      20.0       35.0       15.0
25.0 Water                20.0       15. 0                  - Methanol
20.0      1 0 .0 Borax                 5 . 0      5.0        5 .0      5 .
0      5.0 A1102 45            Silane                 0.39      0.39
0.39      0.39       0.39 GASSING               COMPRESSION  STRENGTH  (Kg.
[err]) 50              30s                14.8        1.8        15.8
7.4      13.7 60s                1 3      15.6               1 7.0
9.1      15.1 120s                1 35      15.8       18.5       10.5
16.6 



Dilution with water gave compression strengths which were approximately 75
- 90% of those obtained when diluting with 50% w/w KOH solution. Dilution
with methanol gave more viscous binders than those 10    EP 0 323 096 B1
diluted with water. The compression strengths were 60 - 90% of those
obtained when diluting with 50% w/w KOH solution. EXAMPLE 4 5 The base
resin of Example 3 was used to produce a series of binders of different
borate ion contents using the procedure described in Example 1. The
composition of the binders is shown in Table 9 below. TABLE 9 10 Binder
Mass/g Base Resin   50% KOH   Borax   A1102 Silane 4 A        25
35         0        0.39 15                     4 B        25          35
2        0.39 4 C        25          35         3        0.39 4D         25
35         4        0.39 4 E        25          35         5        0.39 4
F        25          35         6        0.39 4 G.       25          35
7        0.39 4H        25          35         8        0,39 4 1        25
35        10        0.39 25    In each case the borate ions were added as
sodium tetraborate decahydrate. The binders were tested as described in
Example 1 and as in Example 1, the quantity of binder used was such that
22.72 g of base resin were deposited on 2 kg of sand. The boron to phenol
molar ratio (B:P), the mass of binder used and the results obtained are
tabulated in Table 10 below. 30 TABLE 10 Binder   Boron:phenol   Mass
deposited on 2 kg.  Compression Strength/kg Molar Ratio   CHELFORD 60 sand
[err] Gassing Period 120 s 35 4 A       0.00:1            54.88 g
0 4 B       0.15:1            56.70 g                   9.7 4 C
0.22:1            57.61 g                  14.3 4 D       0.29:1
58.52 g                   17.0 40             4 E       0.36:1
59.43 g                   19.0 4 F       0.44:1           60.34 g
18.4 4 G       0.51:1           61.24 g                   18.1 4 H
0.59:1            62.16 g                  17.3 4 1       0.73:1
63.97 g                  16.6 45 The binder containing no borate ions did
not cure on gassing with carbon dioxide. The optimum compression strengths
were achieved using binders containing a molar ratio of B:P of about 0.3:1
to about 0.6:1. 



EXAMPLE 5 The base resin of Example 3 was used to produce a series of
binders of different silane contents using the procedure described in
Example 1. The composition of the binders is shown in Table 11 below. 55
EP 0 323 096 B1 TABLE 11 Binder                     Mass/g 5
Base Resin  50% KOH   Borax   All 02 Silane 5 A        25          35
5.0        0.00 5 B        25          35       5.0        0.15 5 C
25          35       5.0        0.39 5 D        25          35       5.0
0.45 10                     5 E        25          35        5.0       0.60
The binders were tested as described in Example 1 and as in Example 1, the
quantity of binder used was such that 22.72 g of base resin were deposited
on 2 kg of sand. Three series of tests were carried out for gassing times
of 30 seconds, 60 seconds and 120 seconds. The silane content of the binder
and the mass of binder used and the results obtained are tabulated in Table
12 below. TABLE 12 Binder  % Silane in   Mass deposited on 2 kg
Compression Strength/kg [err] for binder w/w    CHELFORD 60 sand
Gassing Period 30s       60s      .120s 25           5 A        0.00
59.07 g            4.4       5.3       6.7 5 B       0.23            59.21
g           11.6      13.4      16.5 5 C       0.60           59.43 g
15.4      16.7      18.5 5 D       0.69            59.47 g           15.2
18.6      19.3 5 E       0.91           59.62 g            14.3      17.7
19.1 30 The addition of silane to the binder produces a considerable
improvement in binder performance, High compression strengths were observed
for silane addition levels above 0.2% w/w. 35  EXAMPLE 6 The base resin of
Example 3 was used to prepare two binder compositions containing borate
ions from two different sources, borax (sodium tetraborate decahydrate) and
potassium tetraborate tetrahydrate. The composition of the binders is shown
in Table 13 below. 40 TABLE 13 BINDER 6A        BINDER 6B 45
Source of Borate ion   [err]    [err] Formula Weight     381.37
305.5 Resin                   25g            25g 50% KOH
35g            35g 50                     Borate ion source        5.5g
4.41g Silane (A1102)           0.39g          0.39g The binders were tested
as described in Example 1 and as in Example 1, the quantity of binder used
was such that 22.72 g of base resin were deposited on 2 kg of sand. In each
case the quantity of the borate source was such that 0.058 moles of boron
were deposited on 2 kg of sand. Thus in each case the same 



amount of boron was available for complexing. The mass of binder used and
the results obtained are tabulated in Table 14 below. 12    EP 0 323 096 B1
TABLE 14 Binder   Source of Borate ion   Mass deposited on 2 kg
Compression Strength kg [err] CHELFORD 60 sand 30s  60s         120s 6A
[err]             59.88g             12.2       15.7        18.1 6B
[err]            58.89g             14.1       16.7        17.2 10 Both
sodium tetraborate decahydrate and potassium tetraborate tetrahydrate yield
similar results when used at equivalent boron addition levels. EXAMPLE 7
Two series of binders were prepared using the base resin of Example 3, one
series containing various amounts of boric acid and the other various
amounts of sodium metaborate tetrahydrate. Each binder contained the same
amount of potassium hydroxide and the same amount of Al 102 silane. The
composition of each of the binders is tabulated in Tables 15 and 16 below.
20 TABLE 15 Binder                           Mass/g
B:P Molar Ratio 25                Base Resin   50% KOH   Sodium Metaborate
All 02 Silane Tetrahydrate 7A         25          35             3.0
0;39          0.15:1 7B        25           35             4.0
0.39           0.20:1 7C        25           35             5.0
0.39           0.25:1 30        7D25                   35              6.0
0.39          0.30:1 7E        25           35             7.0
0.39           0.35:1 7F         25          35             8.0
0.39           0.40:1 35 TABLE 16 Binder                       Mass/g
B:P Molar Ratio 40                   Base Resin   50% KOH   Boric Acid
All 02 Silane 7G        25           35          1.0         0.39
0.11:1 7H        25           35         2.0          0.39          0.23:1
71        25           35         3.0          0.39          0.34:1 7J
25          35         4.0          0.39          0.45:1 45           7K
25         35          5.0         0.39          0.56:1 71         25
35         6.0          0.39          0.68:1 The binders were tested as
described in Example 1 and as in Example 1, the quantity of binder used 50
was such that 22.72 g of base resin were deposited on 2 kg of sand. A
similar binder (7M) containing an optimised level of borax (5.5 g borax,
B:P molar ratio 0.40:1) was used as the comparison standard for each
series. The boron to phenol ratio (B:P) and mass of binder used and the
results obtained are tabulated in Table 17 below. 55 



13    EP 0 323 096 B1 TABLE 17 Binder B:P Molar Ratio Mass deposited on 2kg
Compression Strength/kg [err] for Gassing Period CHELFORD 60 Sand 30 s
60 s           120 s 7A       0.15:1           57.61              7.2
6.8            6.3 7B       0.20.1           58.52              8.4
10.5           10.7 7C       0.25:1            59.43            12.2
12.7           12.8 10   7D        0.30:1            60.34             13.5
15.1           16.2 7E       0.35:1           60.24             15.0
16.3           17.5 7F       0.40:1            62.15             14.8
15.6           17.8 7M       0.40:1           59.88              13.7
15.8           18.1 5 7G        0.11:1           55.79              3.0
2.7           3.0 7H       0.23:1           56.70             10.5
11.1           10.9 71       0.34:1            57.61             11.6
13.9           16.5 7J       0.45:1            58.52            11.2
11.4           13.4 7K       0.56:1           59.43              9.7
10.3           12.6 7L       0.68:1           60.34              9.9
12.6           12.7 7M       0.40:1           59.88             12.6
15.2           17.2 From the results obtained in Example 7 and from those
obtained in Example 4 It is apparent that the 25 choice of source of borate
ions does not significantly affect the strength of the cured resin-bonded
sand cores attainable. Although borax-, sodium metaborate tetrahydrate-and
boric acid-containing binders show optimum performance at different weight
levels of the borate source, the optimum molar B:P ratio for all three
sources is comparable. 30 EXAMPLE 8 The base resin of Example 3 was used to
prepare two series of binder compositions, one series containing sodium
stannate dihydrate as the source of oxyanions and the other sodium
aluminate (Fison technical grade). Two binders containing no oxyanlon were
also prepared for comparison. The composition of the binders is shown in
Table 18 below. TABLE 18 40           Binder
Mass/g Base Resin  50% KOH w/w   Sodium      Sodium    All 02 Silane
Stannate   Aluminate 8A        25            35           0
0.39 45            8B         25           35           3
0.39 8C        25            35           4                    0.39 8D
25            35           5                    0.39 8E        25
35           6                    0.39 8F        25            35
7                    0.39 so            8G         25            35
0          0.39 8H        25            35                      3
0.39 81        25            35                      4         0.39 8J
25            35                      5         .0.39 



8K        25            35                      6         0.39 55
8L         25           35                      7          0.39 The binders
were tested as described in Example 1 and as in Example 1, the quantity of
binder, used was such that 22.72 g of base resin were deposited on 2 kg of
sand. 14    EP 0 323 096 B1 The Sn:P or Al:P molar ratio and mass of binder
used and the results obtained are tabulated in Table 19 below. TABLE 19 5
Binder   Sn:P or Al:P Molar Ratio   Mass deposited 2 kg  Compression
Strength [err] CHELFORD 60 sand        Gassing period 120s 8A
0.00:1                54.88                      0 10        8B
0.08:1                57.61                     7.6 8C            0.11:1
58.52                     8.4 8D            0.13:1                59.43
8.9 8E            0.16:1                60.34                     8.6 8F
0.18:1                61.24                     8.9 15        8G
0.00.1                54.88                      0 8H            0.22:1
57.61                     4.4 81            0.29:1                58.52
5.0 8J            0.36:1                59.43                     5.1 8K
0.44:1                60.34                      5.3 20        8L
0.51:1                61.24                     4.9 The results show that
stannate ions or aluminate ions can be used as alternatives to borate ions
In the binder compositions of the invention. EXAMPLE 9 A resol
p-cresol-formaldehyde resin was prepared having a formaldehyde:p-cresol
(F:P) molar ratio of 1.5:1. Only low F:p-cresol molar ratios are possible
because the para position on the benzene ring in p- cresol is blocked. 30
The resin had the following composition:- p-cresol
800 g 91 % w/w paraformaldehyde        366.3 g 35
50% w/w sodium hydroxide solution    40.85 g F:p-cresol molar ratio
1.5:1 OH:p-cresol molar ratio         0.07:1 water In starting composition
4.4% w/w The procedure used was that described in Example 1 and at step 7
the resin was maintained at 85 C for 300 minutes. The viscosity of the
resin measured as described in Example 1 was in the range of 3500 - 5000
cps at [err] The resin was used to prepare a series of binder compositions
containing different levels of borate ions as described in Examples 1 and
4. The compositions are tabulated in Table 20 below. 45 TABLE 20 Binder
Mass/g 



50                            Base Resin  50% w/w KOH   Borax   All 02
Silane 9 A        25            35          0         0.39 9 B        25
35          4         0.39 9 C        25            35          5
0.39 55                   9 D         25            35          6
0.39 9 E        25            35          7         0.39 The binders were
tested as described in Example 1. The quantity of binder used was such that
22.72 g 15    EP 0  323 096 B1 of base resin were deposited on 2 kg of
Chelford 60 sand and the cores were gassed for 120 seconds with carbon
dioxide. The boron to p-cresol molar ratio (B:P), the mass of binder used
and the results obtained are tabulated in Table 21 below. 5 TABLE 21 Binder
B:P Molar Ratio   Mass deposited on 2  Compression strength [err] kg
Chelford 60 sand     Gassing period 120s 10 9 A        0.00:1
54.88                     0 9 B        0.27:1             58.52
6.3 9 C        0.33:1             59.43                     7.7 9 D
0.40:1             60.34                     7.6 9 E         0.47:1
61.24                     6.5 Example 9 when compared with Example 4 shows
that although useful binders can be obtained from substituted phenols such
as p-cresol the properties of the binders are inferior to those of similar
binders obtained from phenol due to the fact that the p-cresol-formaldehyde
resins contain only ortho-ortho linkages and the molecules can only complex
with borate ions at their ends. EXAMPLE 10 A resol phenol-formaldehyde
having the following composition was prepared using zinc acetate 25
dihydrate as catalyst:- Phenol                       800 g 91% w/w
paraformaldehyde     642.2 g 30                           zinc acetate
dihydrate        111.9 g water                          6.1 g molar F:P
ratio               2.3:1 molar zinc acetate:P ratio   0.06:1 % water in
starting composition  5.3 w/w 35 The procedure used was as described in
Example 1 as far as step 5. Thereafter the resin was heated to 90 C at a
rate of [err] per minute and maintained at [err] for 270 minutes. The
viscosity of the base resin obtained, measured as described in Example 1,
was in the range 3000 - 5000 cps at 25 C. The resin was used to prepare a
series of binder compositions containing different levels of borate ions as
described in Examples 1 and 4. The compositions are tabulated in Table 22
below. TABLE 22 45 



Binder                       Mass/g Base Resin   50% w/w KOH   Borax   All
02 Silane 10A        25            35          0         0.39 50
10B         25            35          4         0.39 10          25
35          5         0.39 10D        25            35          6
0.39 10E        25            35          7         0.39 The binders were
tested as described in Example 1. The quantity of binder used was such that
22.72 g of base resin were deposited on 2 kg of Chelford 60 sand, and the
cores were gassed for 120 seconds with carbon dioxide. The boron to phenol
molar ratio (B:P), the mass of binder used and the results obtained are
tabulated in 16    EP 0 323 096 B1 Table 23 below. TABLE 23 Binder  B:P
Molar Ratio   Mass deposited on 2 kg Chelford 60 sand  Compression strength
[err] Gassing Period 120s. 10 A       0.00:1                    54.88 g
0 10 B       0.29:1                    58.52 g
4.8 10   10C         0.36:1                    59.43 g
5.1 10 D       0.44:1                    60.34 g
4.3 10E        0.51:1                    61.24g
4.2 Example 9 when compared with Example 4 shows that although useful
binders can be obtained using zinc acetate catalysed resol
phenol-formaldehyde resins the properties of the binders are inferior to
those of similar binders obtained using alkali catalysed resol
phenol-formaldehyde resins due to the reduced capacity in the zinc acetate
catalysed resins for complexing with borate ions. Claims 20  Claims for the
following Contracting States: AT, BE, CH, DE, FR, GB, IT, LI, NL, SE 1. A
binder composition comprising an alkaline aqueous solution of a resol
phenol-aldehyde resin and an oxyanion which can form a stable complex with
the resin characterised in that the alkali is present in the solution in an
amount sufficient to substantially prevent stable complex formation between
the resin 25    and the oxyanion. 2. A binder composition according to
Claim 1 characterised in that the phenol is phenol itself, a substituted
phenol such as p-cresol or m-cresol, or a phenolic compound such as
p-phenol sulphonic acid. 30 3 A binder composition according to Claim 1 or
2 characterised in that the aldehyde is formaldehyde, butyraldehyde,
glyoxal or furfuraldehyde. 35  4. A binder composition according to any one
of Claims 1 to 3 characterised in that the phenol-aldehyde resin is
produced by condensation in the presence of a base catalyst. 5. A binder
composition according to any one of Claims 1 to 4 characterised in that the
molar ratio of aldehyde (expressed as formaldehyde) to phenol in the resin
is from 1:1 to 3:1. 6. A binder composition according to Claim 5
characterised in that the molar ratio of aldehyde (expressed as
formaldehyde) to phenol in the resin is from 1.6:1 to 2.5:1. 7. A binder
composition according to any one of Claims 1 to 6 characterised in that the
phenol-aldehyde 45     resin has an intrinsic viscosity of from 4.0 to 7.5
[err] 



8. A binder composition according to Claim 7 characterised in that the
phenol-aldehyde resin has an intrinsic viscosity of from 4.5 to 7.0 [err]
9. A binder composition according to any one of Claims 1 to 8 characterised
in that the phenol-aldehyde resin contains predominantly molecules in which
adjacent phenolic residues are linked together by methylene groups forming
bridges between the ortho and para positions. 10. A binder composition
according to Claim 9 characterised in that all the available positions on
the phenolic residues which are ortho to the phenolic hydroxyl group in an
ortho-para methylene bridged molecule are methylolated. 11. A binder
composition according to any one of Claims 1 to 10 characterised in that
the alkali is present as an alkali metal hydroxide and the molar ratio of
alkali (expressed as hydroxyl ions) to phenol is from 17    EP 0 323 096 B1
Table 23 below. TABLE 23 Binder  B:P Molar Ratio   Mass deposited on 2 kg
Chelford 60 sand  Compression strength [err] Gassing Period 120s. 10 A
0.00:1                    54.88                               0 10 B
0.29:1                    58.52 g                            4.8 10   10C
0.36:1                    59.43 g                            5.1 10 D
0.44:1                    60.34 g                            4.3 10E
0.51:1                    61.24 g                            4.2 Example 9
when compared with Example 4 shows that although useful binders can be
obtained using zinc acetate catalysed resol phenol-formaldehyde resins the
properties of the binders are inferior to those of similar binders obtained
using alkali catalysed resol phenol-formaldehyde resins due to the reduced
capacity in the zinc acetate catalysed resins for complexing with borate
ions. Claims Claims for the following Contracting States: AT, BE, CH, DE,
FR, GB, IT, LI, NL, SE 1. A binder composition comprising an alkaline
aqueous solution of a resol phenol-aldehyde resin and an oxyanion which can
form a stable complex with the resin characterised in that the alkali is
present in the solution in an amount sufficient to substantially prevent
stable complex formation between the resin 25     and the oxyanion. 2. A
binder composition according to Claim 1 characterised in that the phenol is
phenol itself, a substituted phenol such as p-cresol or m-cresol, or a
phenolic compound such as p-phenol sulphonic acid. 30 3. A binder
composition according to Claim 1 or 2 characterised in that the aldehyde is
formaldehyde, butyraldehyde, glyoxal or furfuraldehyde. 4. A binder
composition according to any one of Claims 1 to 3 characterised in that the
phenol-aldehyde resin is produced by condensation in the presence of a base
catalyst. 5. A binder composition according to any one of Claims 1 to 4
characterised in that the molar ratio of aldehyde (expressed as
formaldehyde) to phenol in the resin is from 1:1 to 3:1. 6. A binder
composition according to Claim 5 characterised in that the molar ratio of
aldehyde (expressed as formaldehyde) to phenol in the resin is from 1.6:1
to 2.5:1. 7. A binder composition according to any one of Claims 1 to 6
characterised in that the phenol-aldehyde resin has an intrinsic viscosity
of from 4.0 to 7.5 [err] 45 



8. A binder composition according to Claim 7 characterised in that the
phenol-aldehyde resin has an intrinsic viscosity of from 4.5 to 7.0 [err]
9. A binder composition according to any one of Claims 1 to 8 characterised
in that the phenol-aldehyde 50     resin contains predominantly molecules
in which adjacent phenolic residues are linked together by methylene groups
forming bridges between the ortho and para positions. 10. A binder
composition according to Claim 9 characterised in that all the available
positions on the phenolic residues which are ortho to the phenolic hydroxyl
group in an ortho-para methylene bridged molecule are methylolated. 11. A
binder composition according to any one of Claims 1 to 10 characterised in
that the alkali is present as an alkali metal hydroxide and the molar ratio
of alkali (expressed as hydroxyl ions) to phenol is from 17    EP 0323096
B1 0.5:1 to 3.0:1. 12. A binder composition according to Claim 11
characterised in that the molar ratio of alkali (expressed as hydroxyl
ions) to phenol is from 1.5:1 to 2.5:1. 5 13. A binder composition
according to any one of Claims 1 to 12 characterised in that the oxyanion
is borate, stannate or aluminate. 14. A binder composition according to
Claim 13 characterised in that the oxyanion is provided by an alkali 10
metal borate, stannate or aluminate. 15. A binder composition according to
Claim 14 characterised in that the oxyanion is provided by sodium
tetraborate decahydrate, potassium tetraborate tetrahydrate, sodium
metaborate, sodium pentaborate, ammonium borate, sodium stannate trihydrate
or sodium aluminate. 16. A binder composition according to Claim 13
characterised in that the borate is provided by boric acid. 17. A binder
composition according to Claim 13 characterised in that the borate is
provided by reaction between boric oxide and the alkali present in the
binder. 18. A binder composition according to any one of Claims 1 to 17
characterised in that the molar ratio of oxyanion (expressed as the element
forming the oxyanion with oxygen) to phenol is from 0.1:1 to 1.0:1. 19. A
binder composition according to Claim 18 characterised in that the oxyanion
is borate and the molar 25     ratio of boron to phenol is from 0.3:1 to
0.6:1. 20. A binder composition according to any one of Claims 1 to 19
characterised in that the composition contains in addition a silane. 30 21.
A binder composition according to Claim 20 characterised in that the silane
is gamma-aminopropyl- triethoxysilane, phenol trimethoxysilane or
gamma-glycidoxypropyltrimethoxysilane. 22. A binder composition according
to Claim 20 characterised in that the amount of silane present is from
0.25% to 1.0% by weight. 35 23. A process for the production of an article
of bonded particulate material characterised in that the process comprises
forming to a desired shape a mixture comprising particulate material and a
binder comprising an alkaline aqueous soution of a resol phenol-aldehyde
resin and an oxyanion which can form a stable complex with the resin and
passing carbon dioxide gas through the formed shape so as 40     to cause
the oxyanion to form a stable complex with the resin and thereby to cure
the resin. 24. A process according to Claim 23 characterised in that the
mixture contains 1% to 10% by weight of the binder based on the weight of
the particulate material. 45  25. A process according to Claim 24
characterised in that the mixture contains 1.5% to 5% by weight of the
binder based on the weight of the particulate material. 



Claims for the following Contracting States: ES, GR 50  1. A process for
the production of an article of binded particulate material characterised
in that the process comprises forming to a desired shape a mixture
comprising particulate material and a binder comprising an alkaline aqueous
solution of a resol phenol-aldehyde resin and an oxyanion which can form a
stable complex with the resin and passing carbon dioxide gas through the
formed shape so as to cause the oxyanion to form a stable complex with the
resin and thereby to cure the resin. 55 2. A process according to Claim 1
characterised in that the phenol is phenol itself, a substituted phenol
such as p-cresol or m-cresol, or a phenolic compound such as p-phenol
sulphonic acid.    EP 0 323 096 B1 3. A process according to Claim 1 or
Claim 2 characterised in that the aldehyde is formaldehyde, butyraldehyde,
glyoxal or furfuraldehyde. 4. A process according to any one of Claims 1 to
3 characterised in that the phenol-aldehyde resin is 5      produced by
condensation in the presence of a base catalyst. 5. A process according to
any one of Claims 1 to 4 characterised in that the molar ratio of aldehyde
(expressed as formaldehyde) to phenol in the resin is from 1:1 to 3:1. 10
6. A process according to Claim 5 characterised in that the molar ratio of
aldehyde (expressed as formaldehyde) to phenol in the resin is from 1.6:1
to 2.5:1. 7. A process according to any one of Claims 1 to 6 characterised
in that the phenol-aldehyde resin has an intrinsic viscosity of from 4.0 to
7.5 [err] 8. A process according to Claim 7 characterised in that the
phenol-aldehyde resin has an intrinsic viscosity of from 4.5 to 7.0 [err]
9. A process according to any one of Claims 1 to 8 characterised in that
the phenol-aldehyde resin 20     contains predominantly molecules in which
adjacent phenolic residues are linked together by methylene groups forming
bridges between the ortho and para positions. 10. A process according to
Claim 9 characterised in that all the available positions on the phenolic
residues which are ortho to the phenolic hydroxyl group in an ortho-para
methylene bridged molecule are 25     methylolated. 11. A process according
to any one of Claims 1 to 10 characterised in that the alkali is present as
an alkali metal hydroxide and the molar ratio of alkali (expressed as
hydroxyl ions) to phenol is from 0.5:1 to 3.0:1. 30 12. A process according
to Claim 11 characterised in that the molar ratio of alkali (expressed as
hydroxyl ions) to phenol is from 1.5:1 to 2.5:1. 13 A process according to
any one of Claims 1 to. 12 characterised in that the oxyanion is borate,
stannate 35     or aluminate. 14. A process according to Claim 13
characterised in that the oxyanion is provided by an alkali metal borate,
stannate or aluminate. 40  15. A process according to Claim 14
characterised in that the oxyanion is provided by sodium tetraborate
decahydrate, potassium tetraborate tetrahydrate, sodium metaborate, sodium
pentaborate, ammonium borate, sodium stannate trihydrate or sodium
aluminate. 16. A process according to Claim 13 characterised in that the
borate is provided by boric acid. 45 17. A process according to Claim 13
characterised in that the borate is provided by reaction between boric
oxide and the alkali present in the binder. 18. A process according to any
one of Claims 1 to 17 characterised in that the molar ratio of oxyanion 



50     (expressed as the element forming the oxyanion with oxygen) to
phenol is from 0.1:1 to 1.0:1. 19. A process according to Claim 18
characterised in that the oxyanion is borate and the molar ratio of boron
to phenol is from 0.3:1 to 0.6:1. 55  20. A process according to any one of
Claims 1 to  19 characterised in that the composition contains in addition
a silane. 21. A process according to Claim 20 characterised in that the
silane is gamma-aminopropyltriethoxysilane,    EP 0 323096 B1 phenol
trimethoxysilane or gamma-glycidoxypropyltrimethoxysilane. 22. A process
according to Claim 20 characterised in that the amount of silane present is
from 0.25% to 1.0% by weight. 23. A process according to Claim 22
characterised in that the mixture contains 1% to 10% by weight of the
binder based on the weight of the particulate material. 24. A process
according to Claim 23 characterised in that the mixture contains 1.5% to 5%
by weight of 10    the binder based on the weight of the particulate
material. Revendlcations Revendlcatlons pour les Etats contractants
sulvants AT, BE, CH, DE, FR, GB, IT, LI, NL, SE 1. Composition de liant
comprenant une solution aqueuse alcaline d'une r6sine resol phenol-aldehyde
et d'un oxanion qui pout former un complexe stable avec la resine,
caracterisee en ce que la base est pr6sente dans la solution en une
quantite suffisante pour pratiquement empgcher la formation doun complexe
stable entre la resine ot lPoxanion. .2. Composition de liant solon la
revendication 1, caract6risde en co quo le ph6nol est le phenol proprement
dit, un phenol substitu6 tel quo le p-cresol ou le m-cresol, ou un compose
ph6nolique tel que l'acide p-phenolsulfonique. 3. Composition de liant
selon la revendication 1 ou 2, caract6ris6e en ce que l'aldehyde est ie 25
formaldehyde, le butyraldehyde, le glyoxal ou le furfuraldehyde. 4.
Composition de liant selon l'une quelconque des revendications 1   3,
caracteris~e en ce que Ia resine ph6nol-aldehyde est produite par
condensation en pr6sence d'un catalyseur basique. 30  5. Composition de
liant selon l'une quelconque des revendications 1 a 4i caracterisee en ce
que le rapport molaire de l'ald6hyde (exprime en formaldehyde) au ph6nol
dans la r6sine est de 1:1 a 3:1. 6. Composition de liant selon la
revendication 5, caracterisee en ce quo le rapport molaire de l'aldehyde
(exprime en formaldehyde) au phenol dans la resine est de 1,6:1 a 2,5:1. 35
7. Composition de liant selon l'une:quelconque des revendications 1 & 6,
caracterisee en ce que la r6sine phenol-ald6hyde a une viscosite
intrinseque de 4,0 a 7,5 cm3.g'. 8. Composition de liant solon ia
revendication 7, caracterisee en ce que la resine ph6nol-ald6hyde a une 40
viscosit6 intrinsbque de 4,5 a 7,0 cm3.g'. 9. Composition de liant solon
l'une quelconque des revendications 1 a 8, caract6ris6e en ce que la resine
phenol-aldehyde contient principalement des molecules dans lesquelles des
r6sidus phenoliques adjacents sont li6s l'un a l'autre par des groupes
m6thylene formant des ponts entre les positions ortho 45     et para. 10.
Composition de liant solon la revendication 9, caracteriste en ce que
toutes les positions disponibles sur les r6sidus ph6noliques qui sont en
ortho du groupe hydroxyle ph6nolique dans une mol6cule a pont methylene
ortho-para sont methylolees. 50 11. Composition de liant selon l'une
quelconque des revendications 1 a 10, caract6ris6e en ce que la base est
pr6sente sous forme d'hydroxyde de metal alcalin et le rapport molaire de
la base (exprimee en 



ions hydroxyle) au phenol est de 0,5:1 A 3,0:1. 55  12. Composition de
liant selon la revendication 11 caracterisee en ce quo le rapport molairo
de la base (exprimee en ions hydroxyle) au ph6nol est de 1,5:1 a 2,5:1. 13.
Composition de liant solon l'une quelconque des revendications 1    12,
caracterisee en ce que 20                                 I 1111111 111111
1HE11 11111 111111 *   C   L  M   S  *    EP 0 323 096 Bi Jloxanion est un
borate, un stannate ou un aluminate. 14. Composition de liant selon la
revendication 13, caracterisee en ce que l'oxanion est fourni par un
borate, un stannate ou un aluminate de metal alcalin. 15. Composition de
liant selon la revendication 14, caracteriseo en ce que loxanion est fourni
par le tetraborate de sodium d6cahydrate, le tetraborate de potassium
tftrahydrati, le metaborate de sodium, le pentaborate de sodium, le borate
d'ammonium, le stannate de sodium trihydrat6 ou 'aluminate de sodium. 10
16. Composition de liant selon la revendication 13, caracterisee en ce que
le borate est fourni par l'acide borique. 17. Composition de liant selon la
revendication 13, caracteriseo en ce que le borate est fourni par reaction
_,1t5  entre l'oxyde borique et la base pr6sente dans le liant. 18.
Composition de liant selon l'une quelconque des revendications 1 a 17,
caract6risee en ce que He rapport molaire de l'oxanion (exprim6 en el6ment
formant l'oxanion avec l'oxygene) au phenol est de 0,1:1 a 1,0:1. 20 19.
Composition de liant selon la revendication 18, caracterisee en ce que
I'oxanion est le borate et le rapport molaire du bore au phenol est de
0,3:1 a 0,6:1. 20. Composition de liant selon l'une quelconque des
reVendications 1 a 19, caract6ris6e en ce que la 25     composition
contient en plus un silane. 21. Composition de liant solon la revendication
20, caract~risde en ce que le silane est He gamma-
aminopropyltri6thoxysilane, le ph6noltrimethoxysilane ou le
gamma-glycidoxypropyltrimethoxysilane. 30  22. Composition de liant selon
la revendication 20, caracteriseO en ce que la quantite de silane presente
ost de 0,25% a 1,0% en poids. 23.
Proc~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~d6 de              le
pr~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c~~~~~~~~~d6.~~~~~~~~~:
23. Procede de production d'un article de materiau particulaire lie,
caracterise en ce quo He procede comprend Ha mise sous une forme desiree
d'un. melange comprenant un materiau partipulaire et un S5    liarit
comprenant une solution aqueuse alcaline d'une rvsine resol phenol-ald6hyde
et d'un oxanion qui pout former un complexe stable avec la r6sine, et le
passage de gaz carbonique au travers'de la forme moul6e de manibre a faire
en sorte que l'oxanion forme un complexe stable avec Ha resine et a
reticuler ainsi la r6sine. 40  24. Procede selon la revendication 23,
caracterise en ce que le melange contient 1% a 10% en poids de liant par
rapport au poids du materiau particulaire. 25. Procede selon la
revendication 24, caracteris6 en ce que le m6lange contient 1,5% a 5% en
poids de liant par rapport au poids du materiau particulaire. 45
Revendlcatlons pour les Etats contractants sulvants: ES, GR 1. Proc6d6 de
production d'un article de materiau particulaire lie, caract6ris6 en ce quo
le proced6 comprend la mise sous une forme desiree d'un melange comprenant
un materiau particulaire at un 



50     liant comprenant une solution aqueuse alcaline d'une resine resol
ph6nol-aldehyde et d'un oxanion qui pout former un complexe stable avec la
r6sine, et le passage de gaz carbonique au travers de la forme moulee de
manibre a faire en sorte quo l'oxanion formo un complexe stable avec ia
r4sine et a r6ticuler ainsi la r6sine. 55  2. Procede selon la
revendication 1, caract6rise en ce quo le phenol est He ph6nol proprement
dit, un ph6nol substitue tel quo le p-cr6sol ou le m-cresol, ou un compose
phenolique tel quo l'acide p- ph6nolsulfonique. 21 *       L   M   S *
EP 0 323 096 B1 s-'  3. Procede selon la revendication 1 ou 2, caract~ris6
en ce que I'aldehyde est le formaidehyde, le butyraid6hyde, le glyoxal ou
le furfurald6hyde. 4. Procede selon I'une quelconque des revendications 1 a
3, caract6rise en ce qua la resine phenol- 5      ald6hyde est produite par
condensation en pr6sence d'un catalyseur basique. 5. Proc~d4 selon l'une
quelconque des revendications 1   4, caracterise en ce que le rapport
molaire de l'alddhyde (exprime en formaldehyde) au phdnol dans la resine
est de 1:1  V 3:1. 10 6. Procede selon la revendication 5, caracterise en
co que le rapport molaire de l'aldehyde (exprime en formald6hyde) au phenol
dans la r6sine est de 1,6:1 a 2,5:1. 7. Proc6d6 selon l'une quelconque des
revendications 1 A 6, caracterise en ce, quo la resine phenol- ald6hyde a
une viscosite intrinsbque de 4,0 a 7,5 cm3.g'1. 8. Proc6d6 selon la
revendication 7, caracterise en ce que la r6sine ph6nol-aldehyde a une
viscosit6 intrinseque de 4,5 d 7,0 cm3.g'1. 9. Proc6d6 solon 'une
quelconque des revendications 1 a 8, caract6ris6 en ce quo la resine
phenol- aldehyde contient principalement des mol6cules dans lesquels des
residus ph6noliques adjacents sont li6s l'un a l'autre par des groupes
m6thylene formant des ponts entre les positions ortho et para. 1Q. Proc6d6
solon la revendication 9, caracterise en ce quo toutes les positions
disponibles sur les residus phenoliques qui sont en ortho du groupe
hydroxyle phdriolique dans une mol~cule a pont m6thylbne 25     ortho-para
sont methylol6es. 11. Proc6d6 solon 'une quelconque des revendications 1 i
10, caracterise en ce quo la base est presente sous forme d'hydroxyde de
metal alcalin et le rapport molaire de la base (exprimee en ions hydroxyle)
au ph6nol est de 0,5:1 a 3,0:1. 30 12. Proc6d6 solon la revendication 11,
caracterise en ce quo le rapport molaire de la base (exprim6e en ions
hydroxyle) au ph~nol est de 1,5:1 a 2,5:1. 13. Procede solon 'une
quelconque des revendications 1 a 12, caract~ris6 en ce que l'oxanion est
un 35     borate, un stannate ou un aluminato. 14. Procede solon la
revendication 13, caract6rise en ce quo l'oxanion est fourni par un borate,
un stannate ou un aluminate de metal alcalin. 40  15. Proced6 selon la
revendication 14, caracteris6 en ce quo l'oxanion est fourni par le
tetraborate de sodium d6cahydrat6, le t6traborate de potassium
tetrahydrat6, le metaborate de sodium, le perntaborate de sodium, le borate
d'ammonium, le stannate de sodium trihydrate ou l'aluminate de sodium. 16.
Proced6 solon la revendication 13, caracteris6 en ce que le borate est
fourni par I'acide borique. 45 17. Proc6d6 -slon la revendication 13,
caracterise en ce quo le borate est fourni par r6action entre l'oxyde
borique et la base pr6sente dans le liant. 18. Proc6de solon l'une
quelconque des revendications 1 a 17, caracterise en co quo le rapport
molaire de 



50     i'oxanion (exprim6 en 6l6ment formant I'oxanion avec l'oxygene) au
phenol est de 0,1:1   1,0:1. 19. Proc6d6 solon la revendication 18,
caracteris6 en ce quo l'oxanion est le borate et le rapport molaire du bore
au phenol est de 0,3:1 a 0,6:1. ss  20. Procede solon l'une quelconque des
revendications 1 a 19, caracteris6 en co quo la composition contient en
plus un silane. 21. Proc6d6 solon la revendication 20, caracterise on ce
quo le silane est le gamma-aminopropyltri~thoxy- 22. 2
1111111111111111111111111 111 *   C   L  M   S   *    EP 0. 323 096 B11'-
silane, le ph6noltrim6thoxysilane ou le
gamma-glycidoxypropyltrimethoxysilane, 22. Proc6de selon la revendication
20, caracterise en ce que la quantit6 de silane pr6sente est de 0,25% a
1,0% en poids. 5 23. Proced6 selon la revendication 22, caract6ris6 en ce
que le m6lange contient 1% a 10% en poids de liant par rapport au poids du
mat6riau particulaire. 24. Proc6d6 selon la revendication 23, caracterise
en ce quo le m6lange contient 1,5% a 5% en poids de tO    liant par rapport
au poids du mat6riau particulaire. PatentansprUche PatentansprUche fiir
folgende Vertragsstaaten: AT, BE, CH, DE, FR, GIB, IT, LI, NL, SE 15  1.
Bindemittelzusammensetzung aus einer alkalischen, wafirigen Losung eines
Resols aus Phenol- Formaldehyd-Harz und sines Oxyanions, das in der Lage
ist, mit dem Harz einen stabilen Komplex zu bilden, dadurch gekennzeichnet,
daB das Alkali in der Losung in einer ausreichenden Menge vorhanden ist,
urn die Bildung eines stabilen Komplexes des Harzes mit dem Oxyanlon Im
wesentlichen zu verhindem. 20 2. Bindemittelzusammensetzung nach Anspruch
1, dadurch gekennzsichnst, daB es sich bei dern Phenol urn Phenol selbst,
ein substituiertes Phenol wie p-Kresol oder m-Kresol oder urn eine
Phenolverbindung wie p-Phenolsulfonsaure handelt. 25  3.
Bindemittelzusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet,
daB es sich be! dem Aldehyd um Formaldehyd, Butyraldehyd, Glyoxal oder
Furfuraldehyd handelt. 4. Bindemittelzusammensetzung nach einem der
AnsprUche 1 bis 3, dadurch gekennzeichnet, daB die Herstellung des
Phenol-Formaldehyd-Harzes durch Kondensation in Gegenwart
eines'Basenkatalysa- 30    tors erfolgt. 5. Bindemittelzusammensetzung nach
einern der AnsprUche 1 bis 4, dadurch gekennzeichnet, daB das Molverhaitnis
von Aldehyd (ausgedrUclkt als Formaldehyd) zu Phenol im Harz 1:1 bis 3:1
betrdgt. 35  6. Bindemittelzusammensetzung nach Anspruch 5, dadurch
gekennzeichnet, daBl das MolverhAltnis von Aldehyd (ausgedrUckt als
Formaldehyd) zu Phenol im Harz 1,6:1 bis 2,5:1 betragt. 7.
Bindemittelzusammensetzung nach einem der Ansprl~che 1 bis 6, dadurch
gskennzeichnet, daBl das Phenol-Aldehyd-Harz eine Grenzviskositit von 4,0
bis 7,5 cm3.g-1 aufwsist. 40 8. Bindemittelzusammensetzung nach Anspruch 7,
dadurch gekennzeichnet, daBl das Phenol-Aldehyd- Harz eine Grenzviskosit~t
von 4,5 bis 7,0 cm3.g' aufweist. . Bindemittelzusammensetzung nach einem
der Ansprtche 1 bis 8, dadurch gekennzeichnet, daBl das 45
Phenol-Aldehyd-Harz vorwiegend MolekUle enthalt, bei denen benachbarte
Phenolreste durch Methy- lengruppen unter BrUckenbildung zwischen den
ortho- und para-Stellungen miteinander verbunden 



sind. 10. Bindemittelzusammensetzung nach Anspruch 9, dadurch
gekennzeichnet, daB alle in elnem ortho- 50     paramethylenverbrUckten
MolekUI zur VerfUgung stehenden ortho-Stellungen bezrglich der phenoli-
schen Hydroxylgruppe in den Phenolresten methyloliert sind. 11.
Bindemittelzusammensetzung nach einem der AnsprUche 1 bis 10, dadurch
gekennzeichnet, daBl das Alkali als Alkalihydroxid vorhanden ist und das
Molverhaltnis von Alkali (ausgedrUckt als Hydroxyllo- 55     nen) zu Phenol
0,5:1 bis 3,0:1 betrigt. 12. Bindemittelzusammensetzung nach Anspruch 11,
dadurch gekennzeichnet, daBl das Molverhaltnis von Alkali (ausgedr0ckt als
Hydroxylionen) zu Phenol 1,5:1 bis 2,5:1 betragt. *  C   L  M   S   *    EP
0 323 096 B1 K...."  13. Bindemitteizusammensetzung nach einem der
AnsprUche 1 bis 12, dadurch gekennzeichnet, daB es sich bei dem Oxyanion um
Borat, Stannat oder Aluminat handelt. 14. Bindemittelzusammensetzung nach
Anspruch 13, dadurch gekennzeichneti daBl das Oxyanion in Form 5      von
Alkaliborat, -stannat oder -aluminat zugef0hrt wird. 15.
Bindemittelzusammensetzung nach Anspruch 14, dadurch gekennzeichnet, daBl
das Oxyanion in Form von Natriumtetraborat-decahydrat,
Kaliumtetraborattetrahydrat, Natriummetaborat, Natriumpentaborat,
Ammoniumborat, Natriumstannat-trihydrat oder Natriumaluminat zugeflhrt
wird. 10 16. Bindemittelzusammensetzung nach Anspruch 13, dadurch
gekennzeichnet, daB das Borat in Form von Borsaure zugefUhrt wird. 17.
Bindemittelzusammensetzung nach Anspruch 13, dadurch gekennzeichnet, daB
das Borat durch Reak- <2       tion von Boroxid mit dem im Bindemittel
vorhandenen Alkali zugefUhrt wird. 18. Bindemittelzusammensetzung nach
einem der AnsprUche 1 bis 17, dadurch gekennzeichnet, daB das Molverhaltnis
von Oxyanion (ausgedrUckt als Element, das mit Sauerstoff das Oxyanion
bildet) zu Phenol 0,1:1 bis 1,0:1 betr~gt. 19. Bindemittelzusammensetzung
nach Anspruch 18, dadurch gekennzeichnet, daB es sich bel dem Oxyanion um
Borat handelt und das MolverhAltnis von Bor zu Phenol 0,3:1 bis 0,6:1
betr~gt. 20. Bindemittelzusammensetzung nach einem der Ansprlche 1 bis. 19,
dadurch gekennzeichnet, daBi die 26     Zusammensetzung zusatzlich ein
Silan enthalt. 21. Bindemittelzusammensetzung nach Anspruch 20, dadurch
gekennzeichnet, daB es sich be! dem Silan um
gamma-Aminopropyltriethoxysilan, Phenoxytrimethoxysilan oder
gamma-Glycidoxypropyltrimethox- ysilan handelt. 30 22.
Bindemittelzusammensetzung nach Anspruch 20, dadurch gekennzeichnet, daB
das Silan in einer Menge von 0,25 bis 1,0 Gew.-% vorhanden ist. 23.
Verfahren zur Herstellung eines Gegenstandes aus teilchenformigem
Verbundmaterial, dadurch ge- 35     kennzeichnet, daBl man einer Mischung
aus teilchenformigem Material und einem Bindemittel aus einer alkalischen,
walrigen Losung eines Resols aus Phenol-Formaldehyd-Harz und eines
Oxyanions, das in der Lage ist, mit dem Harz einen stabilen Komplex zu
bilden, die gewanschte Form verleiht und Kohlendioxidgas derart durch die
gebildete Form leitet, daBl das Oxyanion mit dem Harz einen stabilen
Komplex bildet und das Harz dadurch gehartet wird. 40. 24. Verfahren nach
Anspruch 23, dadurch gekennzeichnet, dal die Mischung 1 bis 10 Gew.-%
Bindemittel beziglich des Gewichts an teilchenformigem Material enthalt.
25. Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB die Mischung
1,5 bis 5 Gew.-% Bindemittel 



45     bezUglich des Gewichts an teilchenf6rmigem Material enthalt.
PatentansprUche fUr folgende Vertragsstaaten: ES, GR 1. Verfahren zur
Herstellung eines Gegenstandes aus teilchenformigem Verbundmaterial,
dadurch ge- 50     kennzeichnet, daO man einer Mischung
aus.teilchenformigem Material und einem Bindemittel aus einer alkalischen,
wafrigen L6sung eines Resols aus Phenol-Formaldehyd-Harz und eines
Oxyanions, das in der Lage ist, mit dem Harz elnen stabilen Komplex zu
bilden, die gewUnschte Form verleiht und Kohlendioxidgas derart durch die
gebildete Form leitet, dal das Oxyanion mit dem Harz einen stabilen Komplex
bildet und das Harz dadurch geh~rtet wird. 55.---
- 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dal es sich bei dem
Phenol urn Phenol selbst, ein substituiertes Phenol wie p-Kresol oder
m-Kresol oder um eine Phenolverbindung wie p-Phenolsul- fonsaure handelt.
24    EP 0 323 096 Bi 3. Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB es sich be! dem Aldehyd um Formaldehyd, Butyraldehyd,
Glyoxal oder Furfuraldehyd handelt. 4. Verfahren nach einem der AnsprUche 1
bis 3, dadurch gekennzeichnet, daB die Herstellung des 5
Phenol-Formaldehyd-Harzes durch Kondensation in Gegenwart eines
Basenkatalysators erfolgt. 5. Verfahren nach einem der AnsprUche 1 bis 4,
dadurch gekennzeichnet, daB das MolverhAltnis von Aldehyd (ausgedrUckt als
Formaldehyd) zu Phenol im Harz 1:1 bis 3:1 betragt. io  6. Verfahren nach
Anspruch 5, dadurch gekennzeichnet, dal das Molverhaltnis von Aldehyd
(ausgedrUckt als Formaldehyd) zu Phenol im Harz 1,6:1 bis 2,5:1 betragt. 7.
Verfahren nach elnem der AnsprUche 1 bis 6, dadurch gekennzeichnet, daBi
das Phenol-Aldehyd-Harz eine Grenzviskositgt von 4,0 bis 7,5 cm3.g-'
aufweist. 8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB das
Phenol-Aldehyd-Harz eine Grenzviskosi- tat von 4,5 bis 7,0 cm3.g' aufweist.
9. Verfahren nach einem der Anspr(Iche 1 bis 8, dadurch gekennzeichnet, daB
das Phenol-Aldehyd-Harz 20     vorwiegend MolekUle enthalt, be! denen
benachbarte Phenolreste durch Methylengruppen unter BrUik- kenbildung
zwischen den ortho- und para-Stellungen miteinander verbunden sind. 10.
Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB alle in elnem
ortho-paramethylenverbrOckten MolekUl zur VerfUgung stehenden
ortho-Stellungen bezUglich der phenolischen Hydroxylgruppe in den 25
Phenolresten methyloliert sind. 11. Verfahren nach einem der Ansprilche 1
bis 10, dadurch gekennzeichnet, daBl das Alkali als Alkalihydro- xid
vorhanden ist und das Molverhaltnis von Alkali (ausgedrUckt als
Hydroxylionen) zu Phenol 0,5:1 bis 3,0:1 betragt. 30 12. Verfahren nach
Anspruch 11, dadurch gekennzeichnet, dal das Molverh~ltnis von Alkali
(ausgedrUckt als Hydroxylionen) zu Phenol 1,5:1 bis 2,5:1 betragt. 13.
Verfahren nach einem der AnsprUche 1 bis 12, dadurch gekennzeichnet, dal es
sich bei dem Oxyanion 35     um Borat, Stannat oder Aluminat handelt. 14.
Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB das Oxyanion in
Form von Alkaliborat, -stannat oder -aluminat zugefUhrt wird. 40  15.
Verfahren  nach  Anspruch  14, dadurch  gekennzeichnet, dal  das Oxyanion
in Form  von Natriumtetraborat-decahydrat, Kaliumtetraborattetrahydrat,
Natriummetaborat, Natriumpentaborat, Am- moniumborat,
Natriumstannat-trihydrat oder Natriumaluminat zugefUhrt wird. 16. Verfahren
nach Anspruch i3, dadurch gekennzeichnet, daB das Borat in Form von
Borsaure zugefUhrt 



45     wird. 17. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daBl
das Borat durch Reaktion von Boroxid mit dem im Bindemittel vorhandenen
Alkali zugefUhrt wird. 5o  18. Verfahren nach einem der AnsprUche 1 bis 17,
dadurch gekennzeichnet, dali das Molverhaltnis von Oxyanion (ausgedrUckt
als Element, das mit Sauerstoff das Oxyanion bildet) zu Phenol 0,1:1 bis.
1,0:1 betrdgt. 19. Verfahren nach. Anspruch 18, dadurch gekennzeichnet, dal
ess sich be! dem Oxyanion um Borat handelt 55     und das Molverhaltnis von
Bor zu Phenol 0,3:1 bis 0,6:1 betragt. 20. Verfahren nach einem der
AnsprUche 1 bis 19, dadurch gekennzeichnet, dal die Zusammensetzung
zusatzlich ein Silan enthalt. 25                      I I!IIIII  11111
11111 I!II    EP 0 323 096 Bi 21. Verfahren nach Anspruch 20, dadurch
gekennzeichnet, daB es sich bei dem Silan um gamma-
Aminopropyltriethoxysilan, Phenoxytrimethoxysilan oder
gamma-Glycidoxypropyltrimethoxysilan han- delt. 5  22. Verfahren nach
Anspruch 20, dadurch gekennzeichnet, daB das Silan In einer Menge von 0,25
bis 1,0 Gern.-% vorhanden ist. 23. Verfahren nach Anspruch 22, dadurch
gekennzeichnet, daB die Mischung 1 bis 10 Gew.-% Bindemittel bezlglich des
Gewichts an teilchenf6rmigem Material enth~lt. 10 24. Verfahren nach
Anspruch 23, dadurch gekennzeichnet, daB die Mischung 1,5 bis 5 Gew.-%
Bindemittel bezlglich des Gewichts an teilchenformigem Material enthalt.
9~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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