3,179,990

S. E. FREEMAN

April 27, 1965

'FQUNDRY COMPOSITION WITH CROSS-LINKED FOLYESTER BINDER

Filed Oct. 26, 1961

J7

F 2

<
¥

4
» ._.h ]
ﬂ. o+
?
| | H. * - -
. s - ¥ >
‘. F ) - '] ‘. - - = ’ ‘_ﬁ. ‘ ‘
. } . I -
- o 0r - o+ b » 3 ~ e <+ X
. . . , - - > s [
_ =
_u _.____u._ ’ > » L] - E ] * ' * '
. ] .\._ .n.. - 44y - Y L - - . ) } ) : ) :
L.rl.1|.| ﬂ.‘. ' E 3 . l. - . L ‘ - - L]
’ . . , Y M - . - i b 3 - . L b .i.l 3 ] - L) . - .
VI - . “a .
’ : » .-ﬂ e A B . >
- - ¥ - « ! .
" ‘ - . - ' - - ‘l el ‘ lllll ﬁ
- i \

’ A _......u.-.-uuwp
h._._ .-_ll_ -2 -
’ ”_.. - .llI.l .l&_l \
- [ By " ll...H. =
Y ._.___..rr__.l..r.-_._r._.-_.-”_v
N ey v
d £ 7
Y s, *

7o <t

Y
N

s

/0
/

/
.
3

— Sy T g S ) - -
e I8 a uiﬂvm.ﬂfmw.ﬁl NESE IS
- - )

4,
|
|

G/



United States_Patent Office

3,179, 990
I‘@UNDRY COMPOSITION - WITH CR@SS-EENKED
- POLYESTER BINDER

Stephen E. Freeman, Mequon, Wis., assignor to Freeman
Chemical Corpor etmm, Port Weetamgtee, Wte 2 eee—
pox ation of Delaware

Filed Oct. 26, 1961, See No. 147,857
12 Uenme. (CE 22—-—-194)

'This application is a contmuatmn-m—pert of my CO-
pending application Serial No 636 434 ﬁled J anuary 235,
1957, now abandoned.

- This invention relates to compemtmns methede and'

apparatus for the produetmn of foundry cores.

In casting metal objects having a cavity, a foundry core
may be positioned in the mold, which core, during the
pouring of molten metal into the mold oecuptes and thus
forms the final cavity.

Foundry cores may be conventionally predueed by mix-
| mg refractory core such as core sand mixtures and mold-

- 1ng sand with a binder such as drymn* oils, as exemplified
by linseed oil, or thermosettmg resins such as urea-formal-

3,179, 99.
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- My invention includes the production of foundry cores
(e.g., without necessitating the application of heat) by
bonding particulate refractory foundry core material with
a binder system to form a curable mix. The curable
binder system comprises (a) a resin mix having therein
an ethylenically unsaturated polyester formed from the

+ reaction of an unsaturated alpha-beta ethylenically unsat-
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urated pelyearbexyhe acid with a polyhydric alcchol, and
a monomeric ~ethylenically unsaturated polymerizable
cross-linking agent, (b) a per-oxidizing ‘polymerization
catalyst such as an acyl perox.tde or hydroperoxide, (c)
a pelymeuzatlen accelerator in the form of a metallic
drier or organic salt when the peroxide catalyst is not
an acyl peroxide such as benzoyl or lauroyl peroxide, and

(d) an amine polymerization promoter that is free of

nitro or nitreso groups. - When an amine polymerization
promoter is used in the vapor phase, it should be the last
of said members of sald binder system that 1s added to
the curable mix. - | - |

The curable mix predueed will develon tensﬂe strength

~ values up to 150-200 p:s.i., and above, as determined by

—an H, W. Dietert sand sfrength.

dehyde, phenol-formaldehyde and melamine-formalde-

hyde.
into the desired form and heated or baked at elevated tem-
peratures which may reach as high as 250° to 600° F. in

order fo dry the oil or cure the resin, thus enabling the
refractory material to ‘be bound together -by the binder

into a rigid structure which will not collapse in the mold
before the molten metal “freezes” or “sets.” If desired,
cereals such as dextrin and starch mixed with water may
be added to the refractory material and conventional
binders in order to enable the shaped core to develop
green Strength so that it maintains its shape and does not
crumble prior te the appheatton of heat n the baking
step. |

The application of heat to mduce or faellttate the drymfr
or curing of the binder and hardenmg of the mix requires
the use of costly and space—-coneummn eqmpment sueh as
QVens. | |

- The use of a particular bmder wﬁh foundry refraetery_

material to make foundry cores is a highly. specific use
which ™ requires that the resulfing core have particular
characteristics ‘which are not generally associated with
refractory-binder or filler-binder mixes used in other arts.
For example, the ideal foundry core mix (i.e., refractory
material plus binder) . should (1) remain plaete sufli-
ciently long to permit shaping of the core, (2) develop
green strength within a reasonable period of time, pref-
erably at rocom temperature, so that the shaped core will
maintain its shape prior to and during baking, (3) reach
high tensile strength values, (4) permit molten metal to be

poured against the hardened core (e.g., baked cores)

~ without undergoing distortion or excessive gassing, (5)
enable the hardened core to be permeable so as to permit

The refractory-binder mix may then be shaped
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raciune. “In addition,
the curable mix will develop hardness values up to 80-50,
and above, as determined by an H. W. Dietert dry hard-
ness tester No. 673. Cured cores may be immediately
uqed in casting both high and low temperature molten

jetal such as molten irom, steel, alummum brass, mag-
nesium, and the like. |

The ethylenically unsaturated polyester resin is the po-

lymerized reacticn product of at least one polyhydric
—alcohol and at least one unsaturated polycarboxylic acid

or anhydride thereof. 'The reaction product may be

- formed by heating alpha-beta ethylenically unsaturated di-

carboxylic acids such as maleic, fumaric, and their an-
hydrides with a polyhydric alcohol or a glycol such as
ethylene glycol, diethylene glycol, propylene glycol, poly-
ethylene glycol, polypropylene glycol, and 1,3 butylene
glycol. Unsaturated tricarboxylic acid or anhydride, such
as frimellitic anhydride, may also be used. 1t is essential

that some of the polycarboxylic acid component of the

pelyesl,er resin contain an unsaturated ethylenic linkage.
The relatively volatile, ethylenically unsaturated com-
pound has the group CH,—C< and serves to render

~ the unsaturated polyester resin less viscous and to cross-

o)
9] |

gases to be evolved therefrom during the casting opera-

tion, and (6) enable the hardened core to readily col-
lapse after the molten metal has “set.” These are stringent
requirements. :
-~ My invention comtemplates the use  of comp031t10ns
methods, and apparatus which do not necessitate the ap-

- plication or utilization of heat in order to produce a core
which develops, in a comparatively short period of time,

‘sufficient tensile strength and scratch hardness ‘values so

as to enable the core to maintain its shape when molten |

‘metal is poured against it and collapse after the metal
freczes or sets.

develop green strength during this curing cycle; however,

tion develeped durmfr the eurmg eycle

60

The core will undergo continuous. curing
up to the time these values are reached and will rapidly

link said resin during cu*mg s0 as to produce a cross-

linked or 3-dimensional resin which is thermosetting in
character. -
styrene, vinyl toluene, vinyl acetate, and diallyl esters
_50:' (e.g., diallyl phthalate) may be used. | |
- tion catalysts should be soluble-in the aforssaid. polym-
erizable mixture and must be capable of inducing polym-
erization of said mixture in the presence of refractory ma-

Cross-linking agents such as-exemplified by

The peroxide, peroxidic or per—onidlzmg pelymerlze-

terial at temperatures  below about 125° C. or, prefer-

'ably, between 20~-40° C. Peroxides or organe—peroxtdtz-
-Ing agents such as acyl perozﬂde and. hydropemxtde have
been found to be particularly e
-good resulis are obtained with diacyl per_ex’ides such as’
“benzoyl or lauroyl peroxides and hydroperoxides such as
' methyl ethyl ketone peroxide, cumene hydrepero*ﬂde, and
‘t-butyl hydroperoxide. |

A

ective.. .For example,

-Metallic driers or organic salts hawng actwe metal

therein may be used as the polymerization accelerator.
-The accelerator is used jointly with the hydroperoxide cat-

alyst, but i1s not needed when acyl peroxides such as
benzoyl and lauroyl peroxides are used. - The accelera-
tors are salts of organic acids such as naphthenic acid.

- They include manganese and, preferably, cobalt '.(e.'g.,

- green strength is only an intermediate, -transistory condi- 70

~cobalt

“solution of cobalt naphthenate (eoﬂtam ﬂg 6% cebau‘) in
f.naphtha may be used. - EIRRNS

naphthenate or octoate).

For example, ' 50%
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The amine polymerization promoter must be free of
nitro or nitroso groups and have a boiling point sufficient-
ly low so as to volatilize without undergoing decomposi-
tion in the presence of the refractory material and other
members of the polymerizable mixture at temperatures
below about 125° C. or, preferably, between 20-40° C.
The promoters of the present invention markedly acceler-
ate or promote the polymerization of the polymerizable
mixture at temperatures up to 250° C. in the presence of
refractory material. Particularly good results are ob-

3,179,990
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tained with N,N-dialkyl aryl tertiary monoamines such as

dimethylaniline, diethylaniline, N,N-dimethyl-p-toluidine
and N,N-dimethyl-o-toluidine. | | -

If desired, hydroquinone and p-tertiary butyl catechol
" may be incorporated into the polymerizable mixture as in-
hibitors and stabilizers. For example, hydroquinone may
be present with the polyhydric alcohol and unsaturated di-
carboxylic acid or anhydride thereof during the formation
of the unsaturated polyester resin, and the p-tertiary butyl
catechol inhibitor may be added to the unsaturated poly-
ester resin along with the ethylenically unsaturated cross-
linking compound. Care should be exercised so as to
~ avoid the use of excessively high levels of inhibitors and

stabilizers in order to obviate an excessive reduction In
the polymerization activity of the polymerizable mixture.

The terms “refractory material” or “refractory foundry
material” are intended to refer to unused and/or re-
claimed, non-deleterious refractory material which may
be admixed with members of the polymerizable mixture
80 as to produce a curable mix which may be shaped and
 hardened sufficiently, so as to produce a core having a
desirable tensile strength value, without necessitating the
application of heat, Thus, these phrases are intended to
include conventional washed refractory materials such as
exemplified by washed crude alumina, silicas and clays.
For example, zircon sands, Ottawa sand, and Mississippi
sand from Rockford, Illinois, produce satisfactory cores.
The refractory material should be free of any deleterious
materials which tend to interfere with the effective curing
of the polymerizable mixture. The most effective results
are obtained with dry refractory material, |

A core which is suitable for casting metals may be
formed, for example, by a method comprising: mulling re-
fractory foundry core material with a polymerizable ac-
celerator in the form of a metallic drier or organic salt,
thereby coating the refractory material; adding to the
coated refractory material a pre-mix comprising a resin
mix having therein an ethylenically unsaturated polyester
and cross-linking agent, and a soluble per-oxidizing poly-
merization catalyst such as a hydroperoxide; mulling the

resulting mix to form the first mulled mix; passing the first -
mulled mix throcugh an amine mixing zone SO as to-

uniformly admix the first mulled mix with an amine pro-
moter (i.e., in the vapor phase) and/or a second mulled
mix comprising an admixture of a relatively small amount
of refractory material and amine polymerization pro-
moter, to form a curable mix; packing the curable mix
into a core box so as to form a shaped curable mix that
‘will rapidly develop green strength (e.g., without necessi-
tating the application of heat); and permitting the shaped
core to develop sufficient tensile strength and scratch hard-
ness values as to enable the core to maintain its shape

when molten metal is poured against it and collapse after

the metal freezes or sets. If one uses an acyl peroxide

~ such as benzoyl peroxide or lauroyl peroxide, said polym-
. erizable accelerator should be omitted. ™ o
Other procedures, of course, may be used. For ex-.

gmple, the first mulled mix may be packed or blown
into the core box, and the amine polymerization promoter,
in the vapor phase, may be blown into the first mulled mix

- in the core box by means of air so as to promptly initiate

or cause the shaped curable mix to harden.
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If desired, a portion of the accelerator may be incorpo- ”

rated into the pre-mix and added therewith to the mixture
~of refractory material and remaining portion of accelera-

4

tor. The peroxidic catalyst may be directly admixed with
the refractory material and accelerator; however, extreme
care should be exercised so that the peroxidic catalyst 1s
not directly admixed with the accelerator.

 The rapid development of said green strength is a

fransistory, intermediate condition which occurs during

curing, but prior to the development of scratch hardness
and tensile strength values that permit molten metal to be
poured against the core. |

The amine polymerization promoter should not be
stored in the presence of the peroxidic catalyst or polym-
erizable mixture of the unsaturated polyester resin and
cross-linking agent because a reduction in the rate of
curing of the curable mix results. The promoter should
be, preferably, the last ingredient added to the curable
mixture. | | |

The internal confines of the core box may be coated
with a parting-agent, such as starch or a lubricating oil,
for facilitating removal of a shaped core from the core
boXx. | |

The curable mixes of some of the following examples
were prepared for test purposes only and were not pre-
pared in complete conformance with the above-described

‘procedure. When the following examples state that the

curable mix “hardened” or is “hard,” the mix has de-
veloped a tensile strength value that is sufficiently high to
permit molten metal to be immediately poured against it.

EXAMPLE 1

The polymerizable mixture of unsaturated polyester
resin and ethylenically unsaturated monomer may be pre-
pared as follows:

A mixture of 15.10 parts by weight phthalic anhydride,
10 parts by weight maleic anhydride, 18.54 parts by weight
propylene glycol, and 0.004 part by weight of hydro-
quinone may be heated to 200° F. in a closed vessel under
carbon dioxide gas or other inert atmosphere. The ap-
plication of heat should be discontinued and the reaction
permitted to exotherm to 300-320° F. The reaction mix-
ture may then be heated slowly to 400° F. and the evolu-
tion of the water of esterification effected. After the re-
action mixture attains an acid value of 33-35, the appli-
cation of heat should be discontinued and the reaction
mixture permitted to cool to 220° F. The resulting prod-
uct is an unsaturated polyester resimn.

20 parts by weight of vinyl toluene solvent and 0.004
part by weight of p-tertiary butyl catechol may be added
to the polyester resin while the resin is being agitated at
about 220° F. The resulting polymerizable mixture
should be cooled to at least 130° F. for storage.

This polymerizable mixture of unsaturated polyester
resin-ethylenically unsaturated cross-linking monomer
may be stored for at least six months at 70° F.

EXAMPLE II

- The same procedure and. ingredients set forth in Ex-
ample I may be used, with the exception that styrene
monomer may be substituted for the vinyl toluene mono-
ITer. |

EXAMPLE 1II

A curable mix of refractory material and polymerizable
mixture was prepared for test purposes in accordance with
the following procedure, although said procedure does not
conform with my preferred methods of preparing curable

mixes and cores set forth, supra:
4000 gm. of dry Ottawa sand (A.F.S.—47) were placed

in a mixer. Mixing of the refractory material was effected

while 3.3 gm. of 50% dimethyl aniline promoter 1in
varnish maker’s and painter’s naphtha, hereinafter referred
to.as “naphtha,” was added in a thin stream to the sand.
8.3 gm, of 50% solution of 6% cobalt naphthenate in
naphtha (i.e., cobalt naphthenate containing 6% cobalt

“is admixed with naphtha to form a 50% solution) was

added to and mixed with the sand and promoter.
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The polymerizable mixture was prepared by (a) adding
2.1 ml. of 50% methyl ethyl ketone peroxide in dimethyl
phthalate to 165 gm. of the polymerizable mixture of Ex-
ample II, (b) thoroughly mixing this admixture, (¢) add-

G

were then added to and mulled with the drier-sand mix
for 3 minutes; the resulting curable mix was then packed
into three paper dlmkmg cups so as to form three core
samples. |

ing 5 drops of a solution of cobalt naphthenate in naphtha, 5  After two samples T were cured for 2 and 5 minutes, re-
and (d) mixing the resulting preduct. spectively, they were removed from their respective cups.
This polymerizable mixture was added in a steady The core that cured for 2 minutes was capable of sup-
stream to the promoter-sand mix and the resulting cur- porting a 1-pound weight without slumpmg, and - when
able mix was stirred thoroughly for 4-5 minutes, packed an s-pound weight was placed on top of the core that was
into a mold, and tamped. The Mass haidened in 5 to 10 j¢ cured for 5 minutes, the core slumped slightly. The third
mlnutes - sample was removed from its cup after being cured over-
| EXAMPLE v _ _ night; this core was _uniformly very hard.
'The effect of various levels of o-ter tiary butyl catechol EXAMPLE VI
ﬁl th; rate of curing of the curable mix is shawn in Table . 0.3 ml of 50% cobalt naphthenate (contalnlng 6%
| Efnlra bl M A o 1 by ad " cobalt) in naphtha is admixed with 97 gm. of Ottawa
16 0 ym;:glza el 1:.5’tureb] was pre?gge Yl admixing: sand (A.F. S-—-47) 0.1 ml. of N,N dimethyl-p-toluidine
;’121'15 C be polymerizaoie Iimmfmg xample 1i, supra, _and 3 gm. of a mixture of 80 parts by weight of the polym-
0.0125%, based on the weight of the styrene monomer, erizable mixture of Example I, 1 part by weight of 60%
of p-tertiary butyl catechol 1*1h1b1t?1' 0.4 gm. of benzoyl o methyl ethyl ketone peroxide in dimethyl phthalate, and
peroxide, and 0.3 ml. of 10% dimethyl aniline in acetone. 1.6 parts by weight of 50% benzoyl peroxide in an inert
Polymerizable Mixture B and Polymerlzable Mixture C o 1vent (e.g., dimethyl phthalate) are then added to and
geie prepa;eld r/jlf; ;il: Aflmeitgl:[%perfon t?; lli%ridéwgéé ;ﬂ mulled with the drier-sand mix for a few minutes. The
Olymelizab.e » W € cACEpuon 1hat U.bao 7o resulting curable mix may then be packed int e
and 0.05%, respectively, of the inhibitor (based on the cup. } Y P 0 @ Paper
styrene monomer) were used. The composition of each % " Fyo cirable mix will be hard in about 2 minutes and
of these polymerizable mixtures is shown in Table I, uniformly very hard in 30 minutes. -
infra. | | |
Table II shows the relative curing rates of (a) Polym- EXAMPLE VH
erizable Mixtures A, B, and C per se and (b) curable %Then 0.1 ml of N,N dimethyl-o-toluidine is substituted
mixes containing cach of said POIYH’_IEI’IZElble mixtures, ot for N,N dime thyl-p-toluidine in anmple VI, a curable
sand, dimethyl 31111{1”13 prometer and cqbalt-accelera- - mix is formed that cures at the same rate as the curable
tor. 'The rate of curing was found to be directly propor- mix of E:{ample VI
tional to the level of inhibitor contained in the polym-
erizable mixture (i.e., curing rates (expressed in time) of o EXAMPLE VHI | ;
the polymerizable mixtures and curable mixes increased °°  Polymerizable Mixtures E, F, G, and H were plepared
when increased levels of inhibitor were used).. | by adml.n.mg the solvent-»free, unsaturated polyester resin
- Table I | .
'POLYMERIZABLE MIXTURES
| Pblsrmeri_zable Polymerizable Polymerizable
- _Mixture A Mixture B - Mixture C
Curable mixture of Emm lelI__._. Y40 810 o e 0egm._ . 40 gm.
15.1 parfs by wewht phthalic ! N |
anhydride.
10 parts by weight malelc an- (Contains (Contains (Contains
}1 ydride, y  0.0125% p- 0.0259%, p- - 0.059% p-
13 a«i parts by weight propylﬂne' Tertiary butyl - tertiary but vl tertiary ]JLt 1
glyeol. catechol bmed catechol based catechol based
20 parts by weight styrene on styrene.) o1l Styrene.) on styrene.)
- Inonomer, ; . .
Benzoyl peroxide._ ... dmmmmee—ee| GdEm Odgm. 0.4 gm.
109 dlmﬂthyl aniline in acetﬂne_ e 03 ml 0.3 . 0.3 ml..
| Table II o
EFFECT OF VARIOUS LEVELS OF INHIBITOR ON THE RATE OF CURE OF THE
T T e CURABLE MIX T
Ingredients | Samplel' sample 2 . Sarﬁple.?. |

4 em, (hard in 20 min.)__

ik ey TE TTE BN W EEE VPR BN SRS S Sl ek B Bee ok e ek sy me sy e PR TR

Polymerizable Mixture A __...
Polymerizable Mixture B . ._...
Polymerizable Mixture C. ...

W O TE Fia B T bk ol e e s s e e e e o e Py PR B BPE W N B

109 dimethyl aniline inace- | 0.5 ml. o oo 0.5ml._
tone. | | . |

109 solation of cabalt naph- | Léml_ L.5ml_
thenate (69 cobalt) in ' |
naphtha. - :

Ottawa Sand (A F.S 47 _____| 86em__ .,

- Curing rate of curable mix__.. ard in 10 min. Cured | E

. . - - sorapidly that sand

| was not bound uni-
Iormly

———q—--uu-__""“h-_—._q--____—

HlH_‘_——-—“---——_--H_L—“--__.H_

TR T FE N Sl el el b S S ek Sy e S W B R

06 M. ..o

S el gy m— gy TR TER

4 om, (hard in 4 hrs.).
0.5 ml,

1. o 1111. |

6 o ‘
Hard 111 4 hrs

EXAMPLE V

(10(}% total solids) of E},.ample ] Wlth a combmatlon

0.15 mL of cobalt naphthenate (containing 6% cobalt) 70 of reactive solvents composed .of vmyl toluene and in-

in naphtha was admixed with 97 gm. of Ottawa sand
(A.F.S—47). 0.2 ml. of 50% dimethyl aniline i in naptha

“and 3 gm. of a mixture of 40 parts by wei'ght of the polym-

erizable mixture of Example I and 0.5 part by weight of

5 creasmg levels of divinyl oemzena in the amaunts shown
in Table IIi, infra.

These polymerizable mixtures were then admixed wzth

" the ingredients set forth in Table IV, infra, in the amohnts

60% methyl ethyl ketone perofude in dimethyl phthalate 70 therein shown so as to fﬁrm curable mIXes whlch were
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rapidly shaped into cores. Table IIT and Table IV show
that as the percentage of divinyl benzene in the total
amount of reactive thinner is increased, the tendency of
the cured or hardened core to soften upoen the application
of heat thereto decreases.

Table 111
POLYMERIZABLE MIXTURES

Polym- | Polym- | Polym- | Polym-

erizable | erizable | erizable j erizable

Mixture | Mixture | Mixture | bixture
I F G H

Un;saéouratecil plog*ggg;rtr%siln' | o
of Example ota -
solids), gm......-.... e 66.6|  66.6| 66 6. 6

Thinner:
Vinyl toluene, gm..... .. 30. 0 20,7 20,0 6.7
50-609, divinj,;l beI&ZBILB
mmerciai grade),” ' -
gm-.(??______;-_.._g ..... ) A 3.3 6,6 13. 32 20, 6

*Commercial grade divinyl benzene contains 50-609%, divinyl benzene

diluted with ethyl vinyl benzene and about 10% of inert solvent such as
ethyl benzene and the like,

10

j=d
et

curing the mix overnight. Cores containing about 6-7%
dimethyl aniline (based on the polymerizable mixture of
Example I) cure so rapidly that it is difficult fo get a uni-
form curable mix before a portion of the mix cures in the
form of lumps. Cores containing more than about 15%
dimethyl aniline (based on the polymerizable mixture of

Example I) do not cure into hard cores; this indicates
that excess promoter may actually retard curing.

Thus, the rate at which a hard core is formed with
dimethyl aniline promoter (based on the unsaturated
polyester resin plus cross-linking agent) is directly pro-
portional to the level of promoter used when the mix
contains about 0.33% to about 6% promoter; when

“more than about 7% promoter is used, the curing rate

is inversely proportional to the level of promoter in the
mix. |

EXAMPLE X

The following procedure may be used to show the ef-
fect of various levels of cobalt (based on the polymeriz-
able mixture of unsaturated polyester resin plus cross-
linking agent cf Example I), in the form of cobalt

Table IV |
EFFECT OF DIVINYL BENZIENE ON REDUCTION OF HEAT SOFTENING
Ingredients Sample 1 Samnple 2 Sample 3 Sample 4

Polymerizable Mixture A..___. Ogm. e SRRSO OO UG USIUIPIGUUE [Py UL
Polymerizable Mixture B_.--_. e mnm—— A 0em |t e m e
Polymerizable Mixture C. .o |-cccmmommer | rrmm e QoM e e — -
Polymerizable Mixture D o} i | e ---| 9 gm,
Ottawa sand (A.F.8.-47)__.._.. 2l gm_...-- 201 g ieeemeee{ 28 EmM 291 gm

Cobalt naphthenate (contains| 0.45ml . _. 1 0.45ml ... eee| 046 MY 0.45 m]

6% cobalt). | o | ,
Dimethyl aniline____ ... 0.3ml ....-- 0.3ml_ - 0.3ml__ . . 0.3 ml.
60% methyl ethyl ketone perox- | 0.15 mi.__._. 0.15ml. 015 ml.___. R 0.15 ml

ide in dimethyl phthalate- | - _ _
Time required for curable mix | 5 minutes..-| 5 minutes_ ... 5 minutes. oo _._ 5 minutes.

to become hard. | B _ _ _
Heat distortion (on hot plate) | ccccemmaeamo Less thermoplastic | More rapid reset TLess thermonplastic

2 hrs. after formation of cur- than Sample 1. than Sample 2. © than Sample 2.
H%E%edlfsltg}tiun (on hot plate) |- cocaaaa_-- Iess thermoplastic | More rapid reset | Less thermoplastic

24 hrs. after lormation of cur- than Sample 1. than Sample 2. than Sample 2.

able mix. | - |

EXAMPLE IX

The following procedure may be used to show the ef-
fect of various levels of dimethy! aniline promoter (based
on a polymerizable mixture of an unsaturated polyester
resin plus cross-linking agent) on the curing characteris-
tics of the curable mixes: o

A polymerizable mixture is prepared by admixing (a)

45

1 part by weight of 50% methyl ethyl ketone peroxide in

dimethyl phthalate and 1.6 parts by weig}_zt of 50% ben-
zoyl peroxide in an inert solvent (e.g., dimethyl ppthal—
‘ate) with (b) 80 parts by weight of the polymerizable
mixture of Example I. | | I '

97 gm. of Ottawa sand (A.F.5.—47) are placed in a
mixer. The mixer is started, and the desired level of di-
methyl aniline is added to the sand. 0.3%, based on _tl_le_
weight of the polymerizable mixture of the polyesteil: resin
and cross-linking monomer of Example I, cobalt in the

|
] |

60

form of cobalt naphthenate is added to the mixer and -

mulled with the sand and promofer.

Said polymerizable mixture is then added in a steady
stream to the contents of the mixer and the resulting cur-
able mix is rapidly, but thoroughly, mixed. The core is
then formed. | -

Curable core mixes produced in this manner will have
the following curing characteristics:

The most rapid effective cures (at room t'empe,rat_ure)

65

occur with cores containing about 1 to about 5% dimeth-

ly aniline (based on the polymerizable mixture of Exam-
ple ). When about 1% down to about 0.33‘_%: of di-
methyl aniline (based on the polymerizable mixture of

Example I) is used, a hard core is obtained only after

75

naphthenate; on the curing characteristics of the curable
mixes: | - |

A polymerizable mixture containing methyl ethyl ke-
tone peroxide, benzoyl peroxide and the polymerizable
mixture of Example I is prepared in accordance with the
procedure set forth in Example IX. |

97 gm. of Ottawa sand (A.F.S.—47) are placed in a
mixer. The mixer 1s started and 3.3% dimethyl aniline
(based on the polymerizable mixture of Example I) is
added to the sand. Various percentage levels of cobalt
(based on the weight of the polymerizable mixture of
Example 1) in the form of cobalt naphthenate are added
to the mixer and mulled with the sand and promoter.

Said polymerizable mixture is then added in a steady
stream to the contents of the mixer and the resulting
curable mix is rapidly, but thoroughly, mixed.

- Curable core mixes produced in the manner referred
to in Example X will have the following curing charac-
teristics: . | |

- The most rapid cures (at room temperature) occur
with cores containing about 1% cobalt (based on the
polymerizable mixture of Example ¥) which has been
added as cobalt naphthenate. Curable mixes containing
at least about 0.025-0.03% cobalt (based on the polym-
erizable mixture of Example I) produce cores that are
fairlyv hard after an extended number of hours. When
about 0.07%, 0.1%, and 1% cobalt (based on the polym-

~erizable mixture of Example I) are used, hard cores are

produced in about 5 minutes, 2 minutes, and instanta-

‘neously, respectively. When about 2% cobalt (based on
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the polymerizable mixfure of Examﬁle I) is used, the
core hardens in about 2 minutes.

The rate at which a hard core is formed with cobalt

(based on the polymerizable mixture of Example I), in

the form of cobalt naphthenate, is -directly proportional
with the level of cobalt used when the mix contains about

0. 025% to about 1% cobalt; when more than about 1%

cobalt 18 used, the cmmg rate is inversely proportional to
the level of cobalt in the mix. Excessive levels of cobalt
may, thus, actually retard curing. Effective results may
be obtained with about 0.025% to 3% cobalt (added as a
drier), based on the unsaturated polyester resin plus
cross-linking agent; however, the use of about 0.5% to
1% cobalt (ad led as a drier), based on the unsaturated
polyester resin plus cross-linking agent, is preferred

Today, foundry cores are being produced by machines
which blow the refractory materlal_ and binder into the
core mold with a blast of air. The binder serves to lend
green strength to the core so that it may be removed
from the mold after it has been shaped. The core may
then be baked so that it develops sufficient tensile strength
so as to enable the core to maintain its shape when
moiten metal is poured against it; the core should col-
lapse after the metal freezes or sets.

FIGURE 1 1s a diagrammatic drawing of apparatus
winich may be used to produce curable mixes, with the
above-described components, which rapidly dwelop oreen
strength and sufficient tensile and scratch hardness values
without necessnatmg the application of heat.

FIGURE 2 is an enlarged dlaﬁrammatlc view of the

core box shown in FIGURE 1.
RBefractory material may be suitably mulled with a

polymerlz ble mixture containing an unsaturated poly-
ester resin, ethylenically unsnturated cross-linking mono- |
mer, peroxidic pOIYIPEIiEEI'LiO’l catalyst and drier-accelera-

tor to form a mix 49 Whlch may be pla d'iu the re-
ervolr 21. |
Column %2 should be pac}{cd with a suitable absorbent
41, such as steel wool, which has been soaked with the

amine promoter.
Valves 11, 14, and 2§ should be opened and compre sed

- air (at 80.p.s.i.) introduced into the system through air

‘pipe 18. The air pressure will force the mix 40 through

openings 22 In reservoir 21 into mixing zone 30 and
through a stream of - promoter vapor which has been
'farced by the compressed air from column 12 into the

- mixing zone 390. The curable mix (i.e., refractory mafe-

rial and polymerizable mixture of unsaturatpd polyester
‘resin, cross-linking agent, peroxidic catalyst, promoter,

- and drier-qcceleratﬂr) will be forced through the open-
ing 31 in mixing zone 30 into the core box 32.

- The curable mix will enter the core box 32 through

‘blow hole 33 and will be packed into the core cavity 35

of the mold 42 onto a screen 3§ which is positioned
above the orening 37 at the bottom of the core box. Air

well as through the screened vent 34.

"~ The curable mix will harden in about one minute so
it will have sufficient green strength to stand without
collapsing. After about 1-2 minutes or more at room
temperature, the mix will uniformly and thoroughly
harden to develop sufhd
‘able molten metal to be poured against it; in the event
_that low levels of amine polymerization promoter are
used, the time reguired for the mix to harden will be
increased. Mild heat will accelerate the develonment of
this tensile strength.

If desired, values 11 and 14 may be closed and valve
20 left open so that mmpreﬂ*shd air (90 p.s.i.) entering
the systemn through pipe 30 will force the mix 40 into
the cavity 35 of the core box 32. Valve 2§ should
then be closed and valves
enable the promoter to be forced into ‘[hfm core box through
biow hole 33 and through the mix 49. | |

101@111: tensile strength so as to en-

s 11 and 14 opened so as to
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‘may escape from the core box through the screen 36 as
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70 ably about.

POSsEss. sufﬁcuant cas permeability properties.
‘percentages are based on the weight of the unsaturated

_pollyester resin, cross-linking agent, plus refractory mate-
rla | - |

‘my curable mix is not particularly critical.

50

‘ester resin plus cross-linking agent.

1%
EXAMPLE XI

The mix 49 shown in FIGURE 1 may be prepared by
(¢) mulling 970 gm. of Ottawa sand (A.F.S.
3.0 ml. of 50% solution of cobalt naphthenate (contain-
ing 6% ccbalt) in naphtha, (b) adding a Dolymerizable
mixture containing 30 gm. of the polymerizable mixture
of Emmple 11, 0.37 gm. of 50% methyl ethyl ketone
peroxide in dlﬂluth}fl phthalate, and 0.60 gm. of 50%
benzoyl peroxide in dimethyl phthalate to the accelerator-
sand mix, and (¢) muliing the resulting mix 48. When
the mix 48 is combined with 1-3 gm. of dimethyl aniline

vapor, a curable mix is formed that will develop sufficient

tensile strength values on about 1-2 minutes so as to
permit molten metal to be poured against it.

As pointed out above, care should be exermsed n
selecting the level of promoter and drier-accelerator be-
cause excessive levels of these components like insuf-
ficient levels, may serve to extend the time required for
the core to reach tensile strength values which permit
molten metal to be poured against -it,-or'entirely inhibit
the deve lopment of such values.

- EBffective curing of the curable mix may be obtained
when the polymerizable mixture of unsaturated polyester
resin plus cross-linking agent contains about 67% poly-
ester resin and about 33% monomeric cross-linking
agunt (The proportions referred to, infra, are based

upon polymerizable mixtures containing approximately
_tlns proportion, or equivalent proportions, of ‘polyester

30

resin plus cross-linking agent. )

owitable curable mixes for core use which rapidly
develope tensile strength and hardness values sufficient
for casting purposes may be prepared with about 0.5%

to 6% by weight of a polymerizable mixture of unsatu-

rated polyester resin plus cross-linking monomer and
avout 99.5%-94% by welght 1efractory material. How-

ever, I prefer to use curable mixes having about 2—-4%

by weight polymerizable mixture of unsaturated polyester

resin plus cross-linking monomer and 98-96% by weight

refractory material. When more than about 6% polym-
erizable mixture of unsaturated polyester resin plus cross-

linking monomer is used with about 94% refractory
material, dense, hard cores will be produced which do not

These

The relative pmpartmn of peroxidic catalyst used in

For example,
about 0.3-4%, or higher, catalyst (based on the un-

saturated leyester resin plus cmss-hnkmg agent) may
be used; however, curable mixes containing abont

1.0-2. 0% catalyst (based on the unsaturated polyester
resin plus cross-linking agent) are particularly effective.

Excessively high levels of peroxidic catalyst tend to pro-

duce brittle cores which poascss poor tensile strength

values.

I%/Eetal--cmtammﬂ' accelerators such as cobalt dners
may be present in the curable mix in the range of about

0.025-3% metal (added as a drier) based on the un-
‘saturated polyester resin plus cross-linking agent; how-
ever, curable mixes containing a cobalt dner as an ac-
~celerator should, preferably, contain about 0.5-1.0%

cobalt (added as a drier) based on the unsaturated poly-

As indicated in Ex-
ample X, excessively high levels of cobalt drier-accelera-

tor may serve to retard curing of the curable mix, or

- prevent curing of the mix.

Promoters, such as d1methy1 aniline, may be present in
the curable mix in the range of about 0.16-6%, prefer-
1-5%, based on the unsaturated polyester
resin plus cross-linking agent. As indicated in Example

IX, excessively high levels of dlmethyl aniline may serve

to retard curing of the mmb e ImX, Or prevem curing of

| 1he miXx.
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For example,

to part or paris by weight):

99.5--94 parts refractory material. -

0.5-6 parts polymerizable mixture of the type illustrated
in Examples I and IL. |

0.0025 or more part peroxidic catalyst.

0.00165-0.36 part amine promoter such as dimethyl
aniline. |

0.00015-0.18 part metal accelerator such as cobalt in
the form of cobalt naphthenate.

The percentage values expressed in the claims are in-
tended to be on a weight basis. The term “up to” in
the claims excludes zero. The term “resin mix” in the
claims includes the polyester resin and cross-linking
agent. | - o
" The foregoing detailed description has been given for
clearness of understanding only, and no unnecessary
limitations should be understood therefrom, as modifica-
tions will be obvious to those skilled in the art.

Iclaim: | | |

1. The method of producing foundry structures which
comprises: forming a foundry core mix with a mixture
of about 99.5-949% of refractory foundry material and
up to about 6% of polymerizable resin mix containing
ethylenically unsaturated polyester resin formed from the
reaction of an unsaturated polycarboxylic acid and poly-
hydric alcohol and monomeric, ethylenically unsaturated,
polymerizable cross-linking agent, at least about 0.8%
of peroxide polymerization catalyst that is soluble in said
resin mix, a polymerization accelerator when said catalyst

does not include acyl peroxide, said accelerator being in

the form of a soluble organic salt which provides at least

about 0.025% metal in an active state that induces ac- «

celeration of the polymerization of said resin mix, and
at least about 0.18% of vapor phase N,N-dialkyl tertiary
monoamine polymerization promoter free of nitro and
nitroso groups, said promoter being introduced in the
vapor phase to form a hardenable foundry core mix that
hardens into a hard, self-supporting, porous foundry core
against which molten metal may be poured and shaped
before said core undergoes distortion or collapses, said
percentages of refractory material and resin mix being
based on said refractory material plus said polymerizable

" resin mix, the percentages of said catalyst, metal and pro-

moter being based on said resin mix.

2. The method of producing foundry cores as defined
in claim 1 wherein said catalyst is selected from the group
‘consisting of benzoyl peroxide, lauroyl peroxide, methyl
ethyl ketone peroxide, cumene hydroperoxide and t-butyl
hydroperoxide, said accelerator is selected from the group
consisting of cobalt naphthenate, cobalt octoate, manga-
nese naphthenate and manganese octoate, and said pro-

imoter is selected from the group consisting of dimethyl- .

aniline, diethylaniline, N,N-dimethyl-p-toluidine and N,N-
dimethyl-o-toluidine. | -

‘3. The method of producing foundry structures which
comprises: forming a foundry mix with a mixture of

about 99.5-94% of refractory foundry material and up

to about 6% of polymerizable resin mix containing ethyl-
enically unsaturated polyester resin formed from the re-
action of an unsaturated polycarboxylic acid and poly-

3,179,990

he following formulations exemplify
‘suitable curable mixes (the term “part” and “parts” refer
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“hydric alcohol and monomeric, ethylenically unsaturated, -

polymerizable cross-linking agent, at least about 0.3% of
a hydroperoxide polymerization catalyst that is soluble in
said resin mix, a polymerization accelerator in the form
of a soluble organic salt which provides at least about
0.025% metal in an active state that induces acceleration
" of the polymerization of said resin mix, and at least about
0.18% of vapor phase N,N-dialkyl tertiary monoamine
polymerization promoter free of nitro and nitroso groups,
‘said promoter being introduced in the vapor phase, to
form a hardenable foundry core mix that hardens into a
hard, self-supporting, porous foundry core against which

E2

molten metal may be poured and shaped before said core
undergoes distortion or collapses, said percentages of re-
fractory material and resin mix being based on said re-
fractory material plus said polymerizable resin mix, the
percentages of said catalyst, metal and promoter being

basaed on said resin mix.

4, The method of producing foundry structures which
comprises: forming a foundry mix with a mixture of about
99.5-949% of refractory foundry material and up to about
6% of polymerizable resin mix containing ethylenically
unsaturated polyester resin formed from the reaction of
an unsaturated polycarboxylic acid and polyhydric alcohol
and monomeric, ethylenically unsaturated, polymerizable
cross-linking agent, at least about 0.3% of an acyl per-
oxide polymerization catalyst that is soluble in said resin
mix, and at least about 0.18% of vapor phase N,N-dialkyl
tertiary monoamine polymerization promoter free of nitro
and nitroso groups, said promoter being introduced in
the vapor phase, to form a hardenable foundry core mix
that hardens into a hard, self-supporting, porous foundry
core against which molten metal may be poured and
shaped before said core undergoes distortion or collapses,
said percentages of refractory material and resin mix
being based on said refractory material plus said polym-
erizable resin mix, the percentages of said catalyst and

- promoter being based on said resin mix.

5. The method of producing foundry cores which com-
orises; forming a hardenable foundry core mix with a
mixture of about 99.5-94 parts by weight of refractory
foundry core material, about 0.5-6 parts by weight of
polymerizable resin mix containing ethylenically unsatu-
rated polyester resin formed from the reaction of an un-
saturated polycarboxylic acid and polyhydric alcohol and
monomeric, ethylenically unsaturated, polymerizable
cross-linking agent, and, based on the weight of said
polymerizable resin mix, at least about 0.3% of a hydro-
peroxide polymerization catalyst that is soluble in said
resin mix, a polymerization accelerator in the form of a
soluble organic salt which provides about 0.025-3% metal
in an active state that induces acceleration of polymeriza-

tion of said resin mix, and about 0.18-6% of vapor phase

N,N-dialkyl tertiary monoamine polymerization pro-
moter free of nitro and nitroso groups, said promoter

being introduced in the vapor phase, to form a hardenable

foundry core mix that hardens into a hard, self-support-

" ing, porous foundry core against which molten metal may
‘be poured and shaped before said core undergoes dis-

stortion or collapses.

6. The method of producing foundry cores which com-
prises: forming a hardenable foundry core mix with a
mixture of about 99.5-94 parts by weight of refractory
foundry core material, about 0.5-6 parts by weight of
polymerizable resin mix containing ethylenically unsatu-
rated polyester resin formed from the reaction of an un-

‘saturated polycarboxylic acid and polyhydric alcohol and
monomeric, ethylenically unsaturated, polymerizabie

cross-linking agent, and, based on the weight of said po-

Tymerizable resin mix, at least about 0.3% of an acyl per-

oxide polymerization catalyst that is soluble in said resin
mix, and about 0.18-6% of vapor phase N,N-dialkyl
tertiary monoamine polymerization promoter free of nitro
and nitroso groups, said promoter being introduced in the

vapor phase, to form a hardenable foundry core mix that

hardens into a hard, self-supporting, porous foundry core
against which molten metal may be poured and shaped

- before said core undergoes disortion or collapses.

70
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7. The method of producing foundry cores which does
not necessitate the use of heat comprising: admixing up
to about 6% of polymerizable resin mix containing eth-
yienically unsaturated polyester resin formed from the

reaction of unsaturated polycarboxylic acid and polyhy-

dric alcohol and monomeric, ethylenically unsaturated,
polymerizable cross-linking agent, and at least about 0.3%
of hydroperoxide catalyst with an admixture of refractory
foundry core material and polymerization accelerator in
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the form of a soluble organic salt that provides at least
about 0.025% metal in an active state that serves as a
polymerizaticn accelerater; and adding to and admixing

‘with the resulting admixture at least about 0.18% of a
vapor phase N,N-dialkyl tertiary monoamine polymeriza-

tion promoter free of nitro and nitroso groups to form,
without necessitating the use of heat, a hardenable found-

'M

percentages of said resin mix and said refractery material

- being based on the total weight of those materials and

1y core mix having about 99.5-94% of refractory ma-

terial and that hardens into a hard, self-supporting, porous
foundary core against which molten metal may be poured.

and shaped before said core undergoes distortion and col-

lapses; said percentages of said resin mix and said refrac-

tory material being based on the total weight of those
materiais and the remaining perccntages being based on
said resin mix.

10

15

8. The method of producing foundry cores which does

- not necessitate the use of heat comprising: admixing up
to about 6% oi polymerizable resin mix containing ethyl-
enically unsaturated polyester resin formed from the re-

action of an unsaturated polycarboxylic acid and poly-

| h}rdric alcohol and monomeric, ethylenically unsaturated,

poiymerizable cross-linking agent, and at least about 0.3%

terial; and adding to and admixing with the resulting ad-
mixture at least about 0.18% of a vapor phase N,N-di-
alkyl terfiary monoamine polymerization promoter free of

20

‘of acyl peroxide catalyst with refractory foundry core ma-

the remaining percentages being based on said resin mix.
10, The method of producing foundry cores as defined

- in claim 9 wherein said catalyst is selected from the group

consisting of benzoyl peroxide, lauroyl peroxide, methyl
ethyl ketone peroxide, cumene hydroperoxide and t-butyl
hydroperoxide, said accelerator is selected from the group
consisting of cobalt naphthenate, cobalt octoate, manga-
nese naphthenate and manganese octoate, and said pro-
moter 1s selected from the group consisting of dimethyl-

-aniline, diethylaniline, N,N-dimethyl-p-toluidine and N,N-
~ dimethyl-o-toluidine. =

11, The method of producing foundry cores which does
not necessitate the use of heat comprising: admixing up
to about 6% of polymerizable resin mix containing ethyl-
enically unsaturated polyester resin formed from the re-
action. of an unsaturated pelycarboxyhc acid and poly-

~ hydric alcohol and monomeric, ethylenically unsaturated,

polymerizable cross-linking agent, and at least about 0.3%
of acyl peroxide catalyst with about 99.5-94% of re-

fractory foundry core material; packing the resulting ad-

mixture into a core box; and propelling at least about

- 0.18% of a vapor phase N JN-dialkyl tertiary monoamine

25

nitro and nitroso groups to form, without necessitating the

use of heat, a hardenable foundry core mix having about
99.5-949% of refractory foundry material and that hard-
ens into a hard, self-supporting, porous foundry core

polymerization promoter free of nitro and nitroso groups

- 1nto said resulting admixture to form a hardenable found-
-1y core mix that hardens at room temperature into a hard,

seli-supporting, porous foundry core against which molten

- metal may be poured and shaped before said core under-

30

against which molten metal may be poured and shaped

before said core undergoes distortion and collapses; said .

percentages of said resin mix and said refractory material
being based on the fotal weight of those materials and the
remaining percentages being based on said resin mix, |
9. The method of producing foundry cores which does
not necessitate the use of heat comprising: admixing up
to about 6% of polymerizable resin mix containing ethyl-
enically unsaturated polyester resin formed from the re-
action of an unsaturated polycarboxylic acid and poly-
hydric alcohol and monomeric, ethylenically unsaturated,
polymerizable cross-linking agent, and at least about 0.3%
of hydroperoxide catalyst with an admixture of about
99.5-94% of reifractory foundry core material and po-

lymerization accelerator in the form of a soluble organic:

salt that provides at least about 0.025% metal in an active
state that serves as a polymerization accelerator; packing

the resulting admixture into a core box; and propelling at

40
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least about 0.18% of a vapor phase N,N-dialkyl tertiary

monoamine polymerization promoter. free of nitro and

o0

nitroso groups into said resulting admixture to form a

hardenable foundry core mix that hardens at room tem-
perature into a hard, self-supporting, porous foundry core
against which molten metal may be poured and shaped
before said core undergoes distortion and collapses; said

09

goes distortion or collapses; said percentages of said resin
mix and said refractory material being based on the total
weight of those materials and the remaining percentages
being based on said resin mix.

12. The method of producing foundry cores as defined
in claim 11 wherein said catalyst is selected from the
group consisting of benzoyl peroxide, lauroyl peroxide,
methyl ethy! ketone peroxide, cumene hydroperoxide and
t-butyl hydroperoxide, and said nromoter is selected from
the group consisting of dimethylaniline, diethylaniline,
N N—dimethyl—p—toluldme and N,N-dimethyl-o-toluidine.
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,179,990 April 27, 1965

Stephen E. Freeman

It 1s hereby certified that error appears in the above numbered pat-—
ent reqiiring correction and that the said Letters Patent should read as
corrected below.

Columns 5 and 6, Table II, first column, line 6 thereof,

tor "cabalt" read -- cobalt --; columns 7 and 8, Table IV,
first column, lines 1 to 4 thereof, for CAT, UBT, M"CY, and "DV,
respectively, read -- E --, -- F --, -- G --, and -- H - -
respectively; column 7, lines 71 and 72, for "dimethly" read --
dimethyl --; column 9, line 68, for "values'" read -- valves - -3
column 10, line 14, for "on" read -- in --; line 32, for
"develope' read -- develop --; column 11, line 50, for "0.8%"

read -- 0.3% --; column 14, line 53, for "10/16" read -- 10/56 --.
Signed and sealed this 30th day of November 1965.

(SEAL)

Attest:

ERNEST W, SWIDER EDWARD J. BRENNER
Attesting Officer Commissioner of Patents
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