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A hardener composition for glkaline Zgﬁéliqj;

resole resin binders which comprises a solution of ‘@’

benzylic ether resole resin in an ester. Binder com-

positions comprising this hardener with alkaline phe ~
nolic resole resing are further provided as are foundry
molding compositions and methods for making foundry

cores and molds using the molding compositions.
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BIELD OF THE INVENTION

This invention relates to alkaline phenolic
resin binder systems which are cured by egster hardeners,
moldable compositions which include the binders and
aggregate material, ant a process for making mpldable
compositions from them. More particularly,. the invene
tion relates to foundry binder compositions, moldable
compositions including the same and aggregate material,
and foundry tores or mélds made  therefrom, including

a process for their manufacture.

BACKGROUND OF THE INVENTION

Binders or binder systems for foundry cores and
molds are well-known. In the foundry art, cores or
molds for making metal castings are normally prepared
from a mixture of an aggregate material, such as sand,
and a bindiny amount of a binder or hinder system.
Typically, after the aggregate material and binder
have been mixed, the resulting mixture is rammed, blown
or otherwise formed. to the desired shape or pattern,
and then cured with the use of catalysts and/or heat
to a solid, cured state.

Resin binders used in the production of foundry
molds and cares are often cured at high temperatures to

achieve the fast-curing ‘tycles required in foundries.
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However, in recent years, resin binders have besn de-
veloped which cure at low temps ratures. These pro-
cesses are preferred over high-temperature curing
operations which have higher energy requirements and
which often result in the production of undesirable
fumes.,

Une group of processes which do not require
heating in order to achieve curing of the resin binder
are referrad to as no-bake processes. In such processes,
the binder components are coated on the aggregate mate-
rial, such as sand, and the resulting mixture is rammed,
blown or otherwise formed to the desired shape or pat-
tern. Curing of the binder is achisved without heat-
inge

Une such no bake process employs an agueous al-
kaline solution of a phenolic resole resin as the binder.
In this process, the foundry sand is qually mixed with
an ester hardener before the solution of resole resin
is added to the mixturs. The process is described in
detail in U.5. Pat. No. 4,474,304 Qe No. 32 812) which
is incorporated harein by reference in its entirety.

The ester cured process is superior to some of
the earlier processes from an environmental standpoint.
However, the initial tensile strengths of the cores made

by this process tend to be ,somewhat lower than those



10

15

20

25

prepared by other no bake processese

In Japanese Patent Application No. 62-282743
the absolute amount of binder addition was increased,
resulting in higher tensile strengths of ester cured
resins. Thig was achieved by using a solution of a
phenolformaldehyde resin in the organic ester as the

hardening agent. Examples of both novolak and resole

resins in the ester solution were given. However, this

approaqh has its limitation. The novolak resins used
dissolve only in gamabutyrolactone and are not soluble
in other ester hardeners which are useful in many
applications in alkaline phenolic resin binders. The
resoles disclosed do not form stable slutions in a
number of the ester hardeners.

we have now discovered that sclutions of ben-
zylic ether phenolic resole resins in ester solvents
arg gxcellent hardeners for use in the ester cured
process. Higher initial tensile strengths of cores
made using this binder system are achieved without
increasing the absolute amount of binder addition.
Furthermore, the benzylic ether phenolic resole re-
sins farm stable solutions in triacetin (glycerol tri-
acatate), ethylene glycol diacetate and other ester
hardeners in which ordinary resole resins are not

stable.
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SUMMARY OF THE INVENTION

In accordance with this invention, therse is
provided a hardener composition for alkaline phenolic
resole resin binders which comprises a solution of ben-
zylic ether resole resin in an ester, said benzylic
ether resole resin comprising from about 5 percent to
abont 40 percent by weight of the solution.

Further provided, in accordance with this ine
vention, is a binder composition which comprises an
aquecus alkaline solutinn of a phanolic resole resin
and a hardener TMur said phenolic resnle resin wherein
the hardener comprises a solution of a benzylic eher
resole resin in an ester, said benzylic ether resole
resin comprising from about 5 percent to ahaot 40 per-
cent by weight of the hardener.

Also pravided, in accordance with this inven-
tion, is a foundry molding compositimn which comprises:
a mixture of particulate refractory material such as
gand with the hindar composition of this invention, as
well as a method for making foundry cores and molds

using the foundry molding composition.

DETAILED DESCRIPTION OF THE INVENTION

The benzylic ether resole resins used in the

practice of this inventiPn are prepargd by the reaction
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of a phenol with a molar excessd an aldehyde in the
presence of a divalent metal ion catalyst. The pre-
paration of such resins is well-knowun and has keen dese
cribed, for exawple, in U.S. Pat. No. 3,485,797. The
phenols employed in the formation of the phenolic resin
are generally any of the monchydric pbenols which are
used to prepare phenolic resins. Exemplary phenols
include phenol itself and the cresols. A particularly
useful phesol is ortho-cresol. The preparation of hene-
zylic ether msole resins from the commercially avell-
able 80 percent ortho-cresol is described in detail in
U.S. Pat. No. 4,246,157,

The aldehyde employed. in the formation of the
benzylic ether resole resins may also vary widely.
Suitable aldehydes include any of the aldehydes here-
tofore employed in formation of phenolic resole rasing,
such as formaldehyde, acetaldehyde, propionaldehyde,
furfuraldehyde, and benzaldehyde. In general,, the al-
delwyiles smployed have the Formula RCHO, were R is a hy-
drogen or a hydrorarbon radical of one to eight carbon
atoms. The moat preferred aldehyde is formaldehyds.

The molar ratio of aldehyde to phenol used. to

make the benzylic ether resole resins aof this inven-

.tion is from ahout 121 to sabout Z5:1. It is preferable

that the molar ratio of aldehyde to phencl be in the
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range frdm about 1.2:1 to about 2.2:1.

Alkoxy modified benzylic ether resnle resins
are particularly useful in the process of this inven-
tion. The preparation of such compounds is well-known
and is described, for example, in U.5. Pat. Nos.
4,546,124 end 4,657,950), Thesa resins are prepared by
etherifying at least part of the methylol. groups of
the resin with a lower aliphatic alcohol having from
1 to about 4 carbon atoms. They have alkoxymethylene
groups attached to the Lenzene rings. The groups have
the general formula -(CHZU)HR vhere R is the alkyl
group of the alcohol used, and n is a small positive
integer. These groups are suhstituents at the posi-
tions ortho and para to the phenolic hydroxyl groups
in the resin.

The esters used in preparing the hardener cume
positions of this invention may be any of the esters
comnonly used to cure alkaline phenclic resole resinsg,
Such esters include gamma-butyrolactone, triacetin,.
ethylene glycol diacetate, propyleneglycol diacetate,
propylene carbonate, dimethyl succinate, dimathyl adi-
pate, dimethyl glutarate, glycernl mano- and diacetates
and the like. Mixtures of these esters may also be
used.

As noted ahove, the hardener compositions of
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this invention comprise a solution of the benzylic
rther resole resin in the ester. The resole resins
comprise from about 5 percent to about 40 mrecent,
preferably from about 15 percent to about 30 percent
by weight of the solution.

The harderners of this invention are used to cure
alkaline solutions of phenolic resole resin binders.
Such binders have a molar ratio of alkali to phenol in
the range of from about 0.2:1 to about 1.2:1. The pre-
ferred molar range of alkali to phenol is from aboot
0.4:1 to about 0,9:1. The alkali used in such resins
is usually KOH, NaUOH, or mixtures thereof, although
other alkalis are not excluded. The solutions of the
resin binders are aqueous solutions with a solid cone-
tent preferably in the range of from about 40 pefcent
to about 75 percent by weight.

The binders which employ the hardeners of this
invention are useful for preparing foundry molding com-
positions. Such compositions compriss .a granular re-
fractory material and from about 0.5 percent o about 8
percent by weight of the refractory material of the
aqueous alkaline binder solution. The granular re-
fractory materials used in the molding composition
may be any of the refractory materials employed in the

foundry industry for the production of molds and cores,
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such as silica sand, chromite sand, zircon sand or
olivine sand and mixtures thereof. When such sands
are used, it is preferred that the binder solution

be present in an amount from about 1 percent to about
3 percent by weight of the sand.

Uther commonly employed additives such as urea
and organosilanes can he optionally used in the binder
compositions aof this invention. The arganosilanes,
which are known as coupling agents, enhance the ad-
hesion of the binder to the sand. Examples of useful
coupling agents of this type include amino silanss,
epoxy silanes, mercapto silanes, hydroxy silanes,
and ureido silanes.

When the binders of this invention are used
for the production of foundry cores and molds, the
refractory material such ag foundry sand, is mixed
thoroughly with the ester hardener containing the
benzylic ether resole resin. To this mixture is then
added the alkaline phenolic resole resin binder solu-
tion., Mixing is carried out until substantially all
of the sand particles are coated completely and uni-
formly with the binder solution. Alternatively,. the
resin binder solution may be first mixed with the sand
followed by addition of the ester hardener to the mixe

ture, or the binder solution and the aster may be

-9 -
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added simultaneously. In any case, the refractory
material coated with the binder and hardener is then
placed in a core or mold box. The mixture is allowed
to cure at ambient temperature.

The following specific examples illustrate: the
present invention. They are not intended to limit
the invention in any way. Unless otherwise indicated,

all parts and percentages are by weight,.

EXAMPLE I

A benzylic ether resole resin was prepared by
mixing 34,21 parts of 80 percent ortho-cresol and 9.09
parts of phenol in a flask fitted with a stirrer and
condenser. Then 32.7 parts of 50 percent formaldehyde,
solution, 2.07 parts of 25 percent agueous zinc acet-
ate solution and 0.177 parts of Uall were added. The
contents were heated under raflux with stirring until
thefree formaldehyde content of the solution was less
than 3% by weight. Then 0,354 parts of 50 percent
aqueous citric acid was added before water was re=
moved inder vacuum, The mixture was then heated at
QUDQ. for albbout two hours and cooled.e The ester
hardener solution was prepared by dissolving 20 parts
of the resin in 80 parts of gamma-~butyrolactone.

The phenolic re?in for the binder was prepared

- 10 -
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as follows: A mixture ol A10 g of phenol, 820 g of
50 percent formaldehyde and 44 g of 55 percent KOH
solution was heated under reflux until the viscosity
of the solution at 25°C. was 430-470 cps. The hatch
was conled to room temperature and 500 g of 55 percent
KOH solution was added. Finally, 0.39 percent by
weight of the resin of gamna-aminopropyltriethoxysi-
lane was added and mixed in thoroughly. The resulte
ing resin had a viscosity of 155 cps at ZSUC., a
formaldehyde to phenol molar ratio of 2:1 and a WOH:
phenol ratio of 0.82:1.

Test cores were prepared by the following me-
thod: to a ruantity of about 2.5 kg washed and dried
silica sand was added l.4h percent of the phenolic
binder solution and the mixture was stirred for one
minute in a Hobart Kitchen Aid Mixer. Then,, 31.1 pre-
cent by weight of the resin of the ester hardener so-
lution mntaining the benzylic ether resole resin in
gamma~-butyrolactone was added. This mixture was
stirred for an additional 30 seconds and then used
immediately to form standard /merican Foundrymen So-
ciety's l-inch dog bone tengile specimens in a Dietert
696 core box. The cores were cured at room temperature
and the samples were broken at various time intervals

after the mix was made. Tensile strength measurements

’
{
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were made using a Dietert Universal Sand Strength
Machine 400-1 fitted with a tensile core strength
accessory 610-N, Average values for 3 to 4 tansile
strength measurements were recorded.

A comparative test was performed using 1.5 per-
cent of the resin based on the sand and 25 percent by
weight of the resin of gamma~-butyrolactone hardener.
These proportions were used to give the same total
amount of resin on the sand as that used in the fore-
going teste The results given in Table 1 show that
the cores made using the ester hardener composition
of this inventlion give much higher initial tensile
strengths than those using the convantional hardener,

gamma~butyrolactone.

TABLE 1

Tensile Strength of Test Cores Using Alkaline
Phenolic Resole Resin Binders Cured with Ester

Hardeners --
Tensile Strength (psi)
Hardener 30 mine 1 hre 24 hre
20% Benzylic Ether Resin 120 151 203
80% Gamma-Butyrolactone
Gamma-Butyrolactone (Comparative 99 113 151

Test)

EXAMPLE 11

A mathnxy-modiﬁﬁed benzylic ether resin was pre

- 12 -
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pared by the following process: a mixture of 38.31
parts of phbenol, 3Y9.61 parts of formaldehyde, 10.87
parts of methanol and 3.2 parts of 25 percent aqueous
zinc acetate solution was stirred under reflux until
the free formaldehyde content was less Lhuan 3 percent.
Then, G4 parts of citric acid was asdded and the mixe
ture was dehydrated under vacuum, The temperature was
then raised and the mixture was held at 907C. for one
hour. Twenty parts of the resin was mixed with 80
parts of gamma-butyrolactane tn form an ester hardener
solution. This hardener solution was used to cure aand
cores coated with a phenolic resnle resin using the
gsame procedure and proportions as used in Examle I,
Test cores prepared in this manner siwowed average ten-
sile strengths of 120 psi,, 140 psi, and 167 psi after
1, 2 and 24 hours after the mix was made. These re-
sults demonstrate the superior tensils strength of cores

made using a hardener conkaining an alkoxy-modified a

benzylic ether resole resin.

EXAMPLE III

A benzylic ether resnle reésin was prepared from
unsubstituted phenol as follows: a mixture of 1100 g
of phenol, 950 g of 50 percent agueous formaldehyde

and 58.7 g of 25 percvent agueous zinc acetabe solution

- 13 -
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was beated with stirring under reflux until the free
formaldehyde conient of Lhe golutinn was less than 3
percent, Then, 10 g of 50 percent agueous citrio:
acid solution was edded,. the mixture was conled %o
50°C. and dehydrated under vacuum, Thae mixture was
then heated for Lwn hours at 92°C. under vacuum.

A solutinn of 20 parts of the resin in 80 parts
of gamma-butyrolactone wes used to cure s:and cores
coated with phenolic resole rtesin using the same pro-
cedure and proportions as used in Example I. Test
cores prepared in this manner showed average tensile
strenyths of 125 psi, 136 psi, 174 psi and 186 psi
after 1, 2, 4 and 24 hours,, respectivalye. This again
shows the superior tensile strength of cores made us-

ing aferdener containing a benzylic ether resole rasin,

EXAMPLE IV

A comparitive test was made using the modified
ester hardaner of Japanese Patent Applicatian Ng..
627282743, This hardener contained a phennlin resin
prepared as follows: a mixture of 767 g of phenol, 59
g of 41,5 percent anuenus formaldehyde solution and 4.1
g of oxylic ecid was heated with stirring to 85° c.
then 413 g af 41,5 percent aquenus formaldehyde solu-

tion was added slowly ovver a 30-minute mriod whils
/
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the mixture refluxed. The mixture was refluxed with
stirring for an additional two hours hefore the batch
was dehydrated by heating undar vacuum to a tempera-
ture of 150°C. Thirty-five parts of the cooled resin
was disgolved in 65 parts of gamma-butyrolactune to
produce a hardener.

An alkaline solution of a phenolic resole resin
was prepared in accord with the disclosiire of the
Japanese mtent application. This involved the re-
action of 168 g of phennl, 323 g of 41.5 percent
agusous formaldehyde and 209 g of 48 percent agueous
KOH solution at 85°C. for five houra. The salution
was dehydrated to a water content of 45.6 percent give
ing a resinslution with a viscosity of 122 cps at 25%.
To the splution was added O.4 percent by weight of
gamma-aminopropyltriethoxysilane. Testsand cores
were preparad following the general procedure given
in Example I using 1.38 parcent of resin by weight of
the sand and 38.2 percent of the hardener solution by
weight o the resin.

The tests were repeated using sannl coaled with
1.38 percent by weight of the phenpolic resin and 38.2
percent by weight of the resin of a hardener containe-
ing 35 percent of the benzylic ether resule resin des-

cribed in Example I ad 65 percent of namma-butyrolace-

- 15 -
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tone. The results given in Table 2 show that the
hardener containing the benzylic ether resole resin
of this invention produces cores with distinctly
higher tensile strengths than those produced with the

modified harrlener described in Japanese Patent Appli-
cation No. 62/282743,

Similar tests were run in which the ester
hardener was a mixture of 20 parts of resin, 20 parts
of gamma-butyrolactone and parts of triacetin. The
results given in Table 2 also indicate the superiority

of ester hardeners containing a benzylic ether resin..

TABLE 2

Comparison of Mpdified Ester Hardener
With Modified Hardener of Prior Art

Tensile

., _Strength (psi)
Hardener I br. 2 hr. 24 r.
35% Benzylic Ether Resin 118 140 170
65% Gamna~Bytyrolactone
35% Novolak Resin (Comparative 104 134 158
65% Gamma-Butyrolactone Teat)
20% Benzylic Ether Resin 62 104 191
20% Gamma-Bytyrolactone
60% Triacetin
20% Novaolak Resin (Comparative 61 91 159

20% Gamma-Butyrolactone Test)
60% Triacetin

EXAMPLE V

The benzylic ether resole resing of Examples I
and 11l weredissolved in the ester triacetin o give

another example of an ester hardener. This hardener

- 16 =
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solution contained 20 percent of the benzylic ether
resinse. The alkaline solution of the phenolic re-

5in binder contained a hipgher ratio of KOz phennl

than the one used in Xxample 1., This was prepared

by mixing 95.6 parts of the resin binder of Example

I with 4.t parts of 60 percent KOIf solution, Send
cores were prepared in which snand was ceated with

1.4 percent by weight of this resin and 31,1 per~-
cent based on the weight of the resin of the tri-
acetin hardeners containing the benzylic ether re-
sins of Examples I and 111. A comparantive test was
run using 1.5 percent by weight of the phenolic binder
on the sand and 25 percent by weipght of the resin of
triacetin hardener alone. The results given in Table
%3 demonstrate that sand cores prepared using an ale
kaline phenolic resole binder cured with the hardeners
of this invention have superior tensile strength over
those cured using the conventional ester hardener,

trincetineg

- 17 -
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TAOLE 3 —

Tengile Strength of Test Cores Using Alkaline
Phenolic Resole Resin Binders Cured With Ester

Hardeners
Tensile
Strength (psi)

Hardener 2 hre b hr. 24 hre
20% DBenzylic Ester Resin of Example I 97 154 200
B0% Triacetin

2% Benzylic Ester Resin of Example II1 134 190 213
80% Triacetin

Triacetin (Comparative Test) 78 129 174

Thus, it is apparent that there has been pro-
vided, in accordance with this invention, improved
ester hardeners For alkaline phenolic resole resin
binder systems and foundry binder compositions contain-
ing these hardeners that fully satisly the objects,
aims and advantages set forth above. While the inven-
tion has been described in conjunction with specific
emhodiments thereof, it is evident that many alterna-
tives, modifications and variations will be apparent
to those skilled in the art in light of the foregoing
description. Accordingly it is intended to include
all such alternatives, modifications and variations
as set forth within the spirit and broad scope of the

appended claims.

- 18 -
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WHAT IS CLAIMED IS:

l. A hardener compnsition for alkaline phe-
nolic resole resin binders which comprises a solution
of a henzylic ether resole resin in en ester,. said
benzylic ether resole resin comprising from about 5
percent to about 40 prcent by weight of the solu-

tion.

2. The hardener composition of Claim 1 where-
in the pherol used for the preparation of the benzy-
lic ether resole resin is salected from the group
consisting of phenol, orthn-cresol, and mixtures

thereof.

3. The hardener of Claim 1 wherein the ben~
zylic ether resole resin is an alkoxy-modified ben-

zylic ether resole resin.

4e The henzylic ether resole resin of Claim 3
wherein the alkoxy-modified benzylic ether resole re-

sin is a methoxy-modified benzylic ether resole resin.

5. The hardener composition of Claim 1 wherein
the ester is selected from the group consisting of

gamma-butyrolactone, triacetin, and mixtures thereof.

6. The hardener composgition of Claim 1 where-

- 19 =
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in the benzylic ether resole resin comprises fraom
about 15 percent to about 30 percent by weight of the

golution,

7« A binder compesition which comprises an
aqueous alkaline solution of a phenolic resole resin
and a hardener for said phenolic resole resin wherein
the hardener comprises a solution of a benzylic ether
resole resin in an ester, sald benzylic ether resole
resin comprising from about 5 percent te about 4O

percent by weight of the hardener.

8. The binder composition of Claim 7 wherein
the phenol used for the preparation of the benzylic
gther resule rasin is selected from the group consist-

ing of phbenol, ortho-cresol, and mixtures thereof.

9. The binder composition of Claim 7 wherein
the benzylic ether resole resin is an alkoxy-modified

benzylic ethar resnle resin,

10. The binder composition of Claim 9 wherein
the alkoxy-modified phenplic benzylic ether resole re-

sin is a methoxy-modified benzylic ether resole resin.

11, The binder composition of Claim 7 wherein

the esler is selected from the group consisting of gamna-

butyrolactone, triacetin, and mixtures thaereof.
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12. The binder composition af Claim 7 which

further comprises a silane.

13. The binder composition of Claim 7 where-
in the benzylic ether resole resin comprises from
about 15 percent to about 30 perrent by weight of the

hardener.

14, A foundry molding composition which com-
prises granular refractory material, and the bhinder

composition of Claim 7.

15, The foundry molding composition of Claim
14 wherein phenol used for the preparation of the ben-
zylic ether resole resin is selected frowm the group
consisting of phennl, ortho-cresol, and mixtures there-

of.

16, The foundry molding composition of Claim
14 whereln the benzylic ether resole resin is an al-

koxy~-modified benzylic ether resnle resin.

17. The foundry molding compositinn of Claim
16 wherein the alkoxy-modified benzylic ether resole
resin is a methoxy-modified benzylic ether resole

resine.

1A, The foundry molding composition of Claim
/

- 2] -
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14 wherein the ester is selected From the group con-
sisting of gamma~butyrolactone, triacetin, and mix-

tures therenf,

19, The foundry molding composition of Claim
14 wherein the binder compasitinn comprises from about
0.5 percent to about 8 percent by weight of the mold-

ing composition.

20. The foundry molding composition of Claim
14 wherein the binder composition further comprises a

gilanee.

21, The foundry molding compasition of Claim
14 wherein the benzylic ether resole resin comprises
from about 15 percent to abonut 30 percent by weight

of the hardener.

S. RAJA IYER
SUDHIR K. TRIKHA
Inventors
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