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Molding Material Mixtures Containing Bartum Sulfate

The invention relates to molding material mixtures containing barium sulfate in
combination with refractory basic melding waterials, and a waterglass-based binding
system for producing casting molds snd cores for the foundry industry in order to oltain
cast pleves, in particular sluminem ones, which have an mproved east surface, The
improvement manifests self in particular in 8 reduction of sand adhesion, burning-in of
sand and penetrationfoughness.

Prior art

Casting molds consist essentially of cores and molds, which represent the nogative shapes
of the cast pieee to be prodused. These cores and molds bete consist of a refractory
material, for example 2 quarty sand, and of 8 suitable binder which imparts sufficiont
mechantcal strength o the cast pisce afler the removal from the molding tool. For the
manufactire of casting melds, one therefore uses a refractory basic molding material

»

which is coated with an am}mpz e b;mﬁm i'}ze rai}‘eicsmw b&sxg maidi‘ng material is
s:m:ripacvtai‘i therein, E}f means m‘. the bmc;iﬁn 2 Si}hd cohesscm is p.rmrh.mss& betweeen the
particles of the hasic molding material, so that the casting mold receives the required
mechanicsl stability.

Casting molds have to satisfy various requirements. During the casting process ftself, they
fivst must have sufficlent strength and temperaturs vesistance, in order 1o be able to recsive
the Hyuid metsl in the bollow cavity formed from one er more (partial) casting molds.
After the begloning of the solidification process, the mechanical stability of the cast piece
is ensured by u solidified metal layer that forms slong the walls of the casting mold, The
material of the casting mold now has to decompose tnder the influcnce of the heat relessed
by the .ﬁ'iﬁ,’iii};,, m sm:}}. a mannor that it _iss&s its 'r_rmahammi. ﬁrmssih that 1 to sy the

tdend case, the custing mw&i dzs:m“ﬂmﬁcs aEain o i‘mm a {’Z > sand whmh can bﬁ removed
effortlesaly from the past plocs
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Recemtly, it has incrsesingly been reguived, in addition, that during the production of the
casting molds as well as during the lnplementation of the casting and cooling, to the extent
possibile, no emissions in the foom of CO; or hydrocarbons are produced, in order to
protect the airvirenment and to Bmit the odor mulsance in the saeirorment caused by
{privaacily sromatic) hydeosarbons. In ceder to satisfy these new requirements, inorganic
binding systems have bren developed or refined in recent vears, the use of which leads to
proventing or at least clearly minimizing the emissions of Ty and hydrocarbons inthe
ranfaetoe of metal roolds, However, the ase of inorganie binding svatems is frequently
assoctated with other disadvantages, which ave described in detall fn the following
explanations.

Conpared to organic binders, inorganic binders have the disadvantage that the casting
molds produced thereftom have relatively low strengths. This becomes apparent
particulardy elearly immediately after the removal of the casting mwold fron the tool,
Howsever, good strengths are particalady portant gt this time for the production of
complicated andfor thinewalled mwdd portions and their reliable bandling. The resistange to
B discloses that higher immediate strengths and higher resistaniee 1o air humidity can be
achieved by using a refractory basic molding material, 2 waterglass-based binder as well as
additives consisting of synthetic amorphons silicon dioxide. By means of this additive,
reliatde handling of even complicated casting molds can be snsured,

The morganic binding svatem deseribed in EP 1302409 BY can lead to strong sand

adhesions o the cast plece, in comparison to organie binders, which is sssociated with a

considerable cleaning effort and thus added costs for the foundries. WO 2008/048651

discloses in this context that such sand adhesion to the cast plece can be clearly minimized
it o hydrocarbon is added to the molding material srbture consisting of a refractory basic
moliding material, o waterglass-based binder as well as an addition of g particulate metal
oxide which is selected from the group of silicon divside, shuninum oxide, Hanhany oxide
anct mine oxde,
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The swefaes guality of the cast pleve van thus be improved by the addition of'a
carbohydrate. However, the addition of carbelydrates to the molding material misture

I is generally known i the foundry industey that the use of certain refractory raterials ag
& coating of cast pieces can considerably tncrease the surfsce quality of the cast pisce in
question. These relactory materials can be applied, for example, in the form of agueous or
aleohob-hased suspensions, so-catled black washes, vnto the casting mold using varions
methods, Subsequently, a deying provess takes place fn order to remove the Bauid medium,
Alternatively, these refractory materiale can also be apphied in dry form. The refractory
materials used ave charactorized by a low nteraction as well gs by a satisfactory non-
wetting with 8 metal mell. Furthermore, these materials are inoa very fine particulate formy,
in order to minimize the ridge-and-valley structure of the surface of the basio molding
muterial {for example, quarts saad), and thes to prevent the metal melt from penetrating
inte these valleys promoeted by good wetting properties of the basic molding material (for
oxample, B304, which tn turn would lead 0 o poor surface quality of the cast plece in
gueston.

Frequently, materials are wsed that have a laver structure, such as, for example, tale,
hexagonal boron nitride (see alse "Ehwsate von Bomitrid-Schlichten i praktischen Betrieh
der Diruck- und KokillengleBered,” Glessoret 80, No, 8, 1993, pp. 256-25%) or graphite. Ris
asswned that the layers become aligned parallel 1o the swface of the casting mold and thus
a smooth swrface can be produced. Other fine particulate, inorganic materials can also be
used as coating material, provided that they do not interact or react with the melt andinr
preferably have a satisfactory nonewetting behavior with the metal melt (in particabar
slumirunt melth

Snch materials are, for example, corundum (ALDL Y or Zivconium silieate {28104
However, the use of costings is also associated with considerable disadvantages. The
amuount of work and waterial is clearly greater for the foundries, which naturally leads o
higher costs.
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{t should also be noted that the nye of aguents black washes can affect the stability of
casting molds bound with inorganic binding systems. For these teasons, one generally
secks to minimize the use of so-called black washes.

The low welting offest of BaS(, relative to nonferrows wetal melts (NF mgtal melte), in
particular malts of ahuninum and/or ahanioan siloys, 18 in priseiple knows iy the
Literatize (see Us 60081 52, "The effects of fumed silica and barlle on the aluminam
resistancs of aluuning castables™ (Jowwnal of the Miverals, Metals and Materials Socisty
{JOM), Voluue 85, Kamber 11, Year 2003, pp. 66-69) and "Feuerfeste Zusteltung e
Al umé.nimn { (iesaerel

Mﬁi“;.,faix.rmﬁ&éﬁ‘n,zstaa.;sch ?H{}, ‘x‘ ”GH ys; S 5‘ Another low-

ad&mw for nmdm,mv gutiers and mbw as weﬁ 38 immgs Qf alumiman mei.tin_sz furnaces,
in order {0 increase the resistance o corrosion of the corresponding refractory material, Ry
the addition of bartum sulfate as low-wetting additive to the refractory material, which cs
contadn stlica sndfor silica powder, the chemical resistance of the fre-vesistance .i}?iii‘ﬁ!‘i&ﬂ to
alwvinum melis is thus ioproved, thus allowing the longest lasting possible usability of the
nolds manufactured therefrom. The above references all have fn common that no

waterglass is ased.

Grutters and tubes or linings of slminnm melting furnaces ave characterized by a long-
lasting usability, while the cores or sasting nrolds, after having been used once, should
disindegrate without leaving any residue to the extent possible. Moreover, the casting
molds that are usuadly wsed have o moch higher porosity than the sintered refractory
mgterials, which are used as putters tubsa for the transport of alominam melis in aluminam
msliing furnaces, This results, for casting molds, in 8 very different reuivement profile
frony that for linings of ahundmen meliing furnaces.

The problems of the prior art and description of the problem
The norganic binder systems for foundry purposes known to date still leave much room

for provement. Above all, ¥ is desinable to develop a completely inorganic binder
system
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which {#} does not allow the formation of emissions of CO, and crganie pyralvals products

during the metdd casting, (b)Y achivves a vorresponding strength level that is requived in the

sutomatic finishing process (in particular heat resistances and strengths after storags), and

{e) allows the obtention of a cast surface of the cast piece which prosents clearty less sand

adhesion, burning-in of sand, penstration and discoloration, and thus minimises the
cleaning effort for the cast picoes, without voatings or black washes, The Ruther

L

provessing of cast ploces reguires u high expenditure of timne, labor and material, and it
therefore represents a considerable cost factor in the production. Already nmedintely after
the removal from the casting mold, the cast plece showdd therefore already have a high

1o surface gquality.

The invention is therefore based on the problery of making available g molding material
mixtuee for produsing casting melds for mets] processing, which comprises at least one
refractory basic wolding material as well ax & waterglass-based binder system, which

o
L

allows the production of casting molds with complex geometry and which can also
comprise, for example, thin-walled sections, wherein, after the metal casting, the cast pisee
obtained should already have & high swface quality, as reflected, for example, in Jess sand
adhesion, burn-in of sand, penetration and discoloration.

20 This problem is solved with & molding material mistore having the features of the
independent clalms, Advantageous variants of the molding material mixture according to

the invention are the subject matter of the dependent claims or are described below,
Supmnary of the invention

{t svas found surprisingly that by the addition of barhen sulfate o the molding muterial
mixture, casting molds based on inorganic hinders can be produced which have high
strength both tnmedintely after the production and also affer o prolonged storage.
Forthermore, after the metal casting, a cast plece with very high surfave guality is oblained,

30 so that, after the removal of the casting mold, only minor or even no Rurther processing of
the surface of the cast plece Is required. This advantage is associated with clearty lower
costs for the produstion of the cast pisce.
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Accordiog to an embodiment of the Invention, the molding material mixture contadm
substantially no crganic additives, Lo, ap to a maxitun of 0.2 wids, ov even no organic
sadditives, s that only very miniasal smoke generation, any at all, is ohserved, which
prevents potlution due to unbealthy envissions at the workplace for employees working
there as well as for people Hying in surrounding aveas. The use of the molding material
miboture according to the invention alse reprosents & contribution to reducing emisstons that
are detrimental to the climate (doe to CO; and other organic pyvolysis products).

The melding material mixture according to the fnvention for producing casting molds for
metal processing comprises at least;

& o refraciory basie muolding material; as well as

& g walerglass-based binder, and

# barhwm solfate.
Distatled description of the nvention

As refractory basic melding material it {s possible to use the wsual materials for producing
casting molds. Suitable are, for example, quarts, sirconiom or chrome sand, olivine,
vermiculite, bausite and five olay, in particular move than 50 wi¥ of quarts sand relative to
the refractory basic wmolding materisl, Here, it s not necessary to use exclusively frosh
sands, In the sense of resource recyeling and o avoid the costs of waste disposal, it is even
advantageous to use the highest possible proportion of regencrated old sand.

The refractory basic molding waterial preferably conprises more than 88 wi¥s, in
particular more than 90 wido of the molding material mixture,

A suitable sand s desoribed, for sxample, in WO 20087101668 (= US 20107173767 Al)
Also suitable are rogenerates which are obtained by washing and suhsequent deving,
Ussble, bul less preferable, are regencrates obtained by purely myechanical treatment. As a
tude, the regenerates can replacs at least approximately 70 with of the fresh sand,
preferably at least approximately 80 widt, and purticululy proforably at least
approximately 90 wits,
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Moreover, as refraciory basic molding materials, synthetic molding muerials o also be
used, such as, for example, glass beads, glass granulate, the spherical ceramic basie

molding materials known under the name "eerabeads™ or "carboaccusast™ or aluminum

microspheres are munkated, for exaple, by Omepa Minerals German GmbH, Novdersteds,
in different grades with different contents of aluminum oxide wnder name "Omega
Spheres.” Corresponding produsts are available under the name "Extendospheres” from the
PO Corporation (USAL

The mean diameter of the refractory basic molding materiad is as 2 rule between 100 wn
and 600 wm, preferably between 120 wn and 530 un, and particularly preferably between
150 pm and 500 gy The particls siee can be determined, for exanple, by sleving
according to DIN 150 3314, It s particularly preferable to use particle shapes having a
targest lengthwise extension o smallost lengthwise extension {at right angles o ong
another und i each case for all the spatial divections) fromt 11 1o IS or Tl to 143, that s
o say, for sxample, those that are not fbous.

Trvoasting tests, partiondardy with aluminun, it was found that synthetiv basic molding
materials, particulardy glass beads, plass grannlates or microspheres, can contribute o
producing smvother cast surfaces. Hove, It is not nevessary to form the entire basie molding
saterial from the synthetie basic molding muterials,

approximately 3 wilt, particularly prefevably at least § wils, especially preforably st least
10 wids, prefevably at loast approsimately 13 with, particulady preforably at least
approximately 20 wtds, relative o the toetal quantity of the refractory basie mokding
material, The refractory basie molding material prefirably exhibits a powable state, in
particular v order 1o be able 1o process the melding material mixture sccording 1o the
mvention in conventional core shooting machines.

The waterglasees contain dissolved slkali silicatos and they can be prodused by disselution
of vitrenas Hithiun, sedivm and potassium stlicates b water, The waterglass preferahly hag
a meolar modadas 310 M0 by the range from 1.8 o 40, In partionlar 2.0 to less than 3.5,

where M stands for lildum, sodinm or polassiun,
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The binders can alse be based on waterglusses that contaln wore than ene of the mentivnad
alkall lons such as, for sxample, the Hthtunemodified witerglagses known from DE
2632431 AL £ GRISIZRET A). The guantity of M) results from the sum of all the alkali
fons in the waterglass, Moreover, the waterglasses can also contain polyvalent fons, as do
the Al-modified waterglasses desoribed dn BPF 2303603 A &= WO 20104213 AL, for
example.

The waterglasses have & solid matter content iy the mangs Gom 25 to 63 widh, proforably
from 3o 60w, The solid matter content is the content of 81 and M compounds in the
waterplass, caleulated as S10; and MO, Depending on the use and desived strength level,
betweer 0.3 witb and 3 wi%e of the binder based on waterglass is used, preferably between
075 wet% and 4w, partivuladly proferably between 1 widt and 3.5 wit, in each case
relative to the basic molding matedal, The indications ave based on the toial quantity of the
waterglass binder, mecluding the (in particular agoeons) solvents or ditoenis gnd the solid
matter condent (G any) (= 100%).

The molding muterial mixture according to the havention containg barinm sulfe. The
batium sulfate can be added as synthetically minutaenwed or else natural barium sulfate,
e, i the form of minerals that contatn barium sulfate, such ay heavy spar or batiie,

Syithetizally manufaetured barhun sulfsie (also reforred to as blane fixe) is produced, for
example, by a precipiigtion resction. For this purpose, readily sohuble bartum compownds
(harium salts) ave usoally dissoleed in water, Subseguently, by the addition of readily
solulle sulfate salts, (such as sodiom sulfate, for example), or else sulfinie geid, the

parsely soluble barfuny sulfate precipitates. The precipiiated bartom sulfate is removed by

‘ﬁ%t:ratzfstx., dried and optionally ground.

Natweal bartum solfate is obtained as raw ore aud subsequently processed by vadipus
methods (for example, density sorting, grinding, ste.) 1t is peferable for the barhun sulthie
to have a purity of nwre than 88 wi¥s, particnlaely preforably more than 90 wi%s, The
natarally obtadned bartum sulfate can contain, for sxampls, silicon dioxide and calcium
fhaoride contaminanis, Additional tests have shown that confaminants contudning metal
fluorides, In particulay calclum fuoride, can lead {o discaloration of the cast surface and to
poresity. The content of flueride-containing contaminants, In particalir, caloium fluoride
{Calz)as well 88 other metal fluarides, should accordingly be kept as smmall as possible in
ereler not fo alfect thecost quality and surfhcs.
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it Is advantageons for the wtal contert of metal Huedddes dncluding CalFy) to be less than 6

vi%o, proferabdy leas than 3vet6, particulaedy preforably loss than 1 wiS, In cach sase
relative to the total guamity of the naturally obtained bardom sulfate wed, It s partioulacty
prefevable for the barhum sulfale secording to the Invention net v comaln any metal
flueride contaminants (ncluding calcium Huoride)

Froferably, the molding muterial composition claimed is free of metal fluoride, wherein
this teans that the molding material nixture containg loss than 8.1 wiSs, preferably less
than (.05 withs, especially preferably less than 8.01 wi%6 metad fluaride,

The average particle size of the bactum salfite to be nsed secording w the invention is
preferably between 0.1 pmand 80 pm. The particle size distribution can be defermined, for
example, by dynamic lght scattering (for example, Honba LA 9301 1 is preferable for the
steve residue on a sieve having o mosh width of 45 pa 10 be less than 20 wit, particularly
praferably leas than 10 wit, especially preferably less than § witt.

The bartum sulfhte is proforably added i a quantity from 002 {0 5.0 witd, particalarty
preferabdy .03 o 3.0 o, copecially preforably 0.1 to 2.0 wisor 0.3 1o 0.5% wile, in
each case relative to the total molding material mictore. Surprisingly — also in view of the
high density of the bartun sulfate and the small volume per weight associated with it
even sinall added quantities — that 15 10 say amall volumey — added to the molding
material minture produce & elesr Incrense i the surface quality of the cast pisce i question.
The pea:itivef 'i.m’memf: af E:Sa&(ﬁ}.c o the qua}zt\f of the cast surf'aca 18 surprisim 1 the
Stibsit;iirzizﬁ, wim}i is not true for c@he‘r matem}s *i%:zai are pot ws:‘t:&:d by &% neetal meiis,
maaterial is also exceﬂaz;tiy suh:e{i {'er @?cxaitzttmg dega&:smg pipes ﬁ)’r NF metai mﬁfts
{product deseription of SGL Carbon Gmbl, Drachenburgstr, 1, 33170 Ronn/Gernvany ).
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As vy material for black wash contings of cores and molds, graphite also produces a
soother cast surface alveady with very simall laver thivkness, However, it is not effective
as sand additive, in contrast to BaS0. To add larger poteatially effostive quantities of
graphite is not appropriate, besatse in thet case the strengths of the molds and cores

decrenss so muah that they can ne fonger be uesd for casting,

Qther muaterials as well that are known for thelr low wettabilivy, such as Al0h, FrSi0 o
tale, show no positive effect as additive on the wast swrface. Hexagonal boron nitride is
another known additive with low wettability. 1t was observed that, while the addition of
hexagonal boron nitride leads to improved qualities, it also leads to clearly reduced
strengths — therefore the we of borow nitride I8 not preferable. Cal; is an additional
additive with low wettability with NF metal melts, in particular slundmuny melts, When
using fluorides as additive for the molding material mixture, in partiondar CaFy, relatively
sand adbesion-free and smooth surfaces of the corresponding cast plecs are indged
abtatned; however, as  result of this use, particularly in the case of calelnm fhuoride,
discoloration of the cast surface ovcurs, partionlanly 1 the cast deos is made of aluminum
andfor aluminum alloys. However, these discolorations ave undesivable and they suggset a
reaction of the metal with a fluoride-containing material —— therefors the wse of CaFs ik
algo not preforable,

o stnmary, it was thus possible to ohserve that only the sddition of barfum sulfate to the
molding material oaixture both produces a substantial fmprovement of the surface quality
of the cast plece (For sxample, with regard to reduced sand adbesion, burs-in of sand,
peneteation and also discoloration) and also ensures the sivength lovel requived for
awtomated series prodoction, in particular @ sullable hot strength. These effects were very
surptising to the person skilled in the art, The complete mechanism of sction of bartam
sulfate has not been elueldated,

According o a further embodiment, it s alse possible to add other substances o the
molding material raixture, which are charsctertzed by low wetting with molten shuntinum,
sueh as bogon nitride, for example.
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Such amistore of low-wetting substances, which contains barium sulfate, among other
substances, as lowwetting agent, san also lead to o smonth, sand adhesion-fres caxt
surface. Relative 0 the totl quantity of nonowenting or lowawetting subsiances, the conteni
of bariom sulfate showld be higher than §%, preferably higher than 10 w9, e.spes:iaii}-'
preferably higher than 20 wi%e or higher than 8¢ wil, The upper it repre

barium sulfie —proportion of bartum sulfate relative o non-wetting agents in ﬁsiﬁ case 13
100 wits, The nonlow-wetiing substance mixtuee is preferably added in a guantity from

0.03 to 5.0 wids, particularly preforably 0,03 to 3.0 wid, espectally prefombly 0.01 ©0 2.0

wibh or 8.3 to 0,99 wits, iy cach case relative 1o the molding material sixtuee,

In a further preforred smbodiment, a particulate wmetal pxide can be added 1o the molding
material mixivre according to the inveation, in order o increase the strength level of the
casting molds produced with such melding material mixtures, An incroase i the sirengihs
of the casting mold, in particular an nerease in the hot strengths, can be advantageous in
the automated manuficturing procoss. The particulate metal oxides can be selected from
the group of silicon oxides, sluninum oxides, titaniom oxides and zine oxides and their
maixtures or mixed oxides, in pmimiar siticon dioxids, sluminum oxside andfor
alominosilioates. The particle stey of these metal oxides is preforably fess than 300 um,
preferably leas than 200 pm, esg»eciaiiv peferably less than 100 pm, and it has, for
example, & mean primary particle size betwesn 0.0F pm and 10

The particle size can be determined by a slove analysis. It Is particulamly preferable for the
sleve residue on a sieve with 2 mesh width of 63 pm o be less than 10 wit%, preforably
lese than 8 wids. It is particularly proferable to use silicon dioxide ax particulats metal
oxide, whereln synthetically produced amorphous silicon dioxide is particalarly preferred
here,

The anarphons $10; preferably nsed according fo the present invention has « water
content of tesy than 15 witb, in particular Ioss than § wi%, snd pertioalady preforably less
than 1wt The amorphons SiOs is wsed in pasticalar in powder form,
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As amorphous 810y i s possible 1o use both symbetivally produced and also naturally
ceewring silicas. However, the latter, known from DE 10200704564%, for exanple, are not
preferable, sinee they include as a mle not inconsideraldle crystalline contents and are
therefore vlassified as carcinogens.

Synthetic denotes non-naturally occurring amorphens 810y, Le., the preparation thereof
inchudes a chemieal reaction, v exaruple, the prepavation of gelloidal sitica by ion
exchange processes from alkall silicats solutions, precipitation of alkali sibcate solutions,
flame hydrolysis of stlicon fetrachlonide o reduction of quarte sand with coke inthe
cloctric are furiaee in the preparation of ferrositicon and silicon. The smorphous Sik
produced by the last two mentioned prooesses s also referred to as pyrogenie $i0y

Oecasionally, the term synthetiy amprphous $10; 1s understoad to vepresent only
precipitation silice (CAR No, 113926-00-8) and 510y produced by flame hvdrotysis
{Pyrogenic Sillea, Pumed Silica, CAS Noo H2945.82-5), whereas the produst obtained in
forrosibicon or silicon prepavation is just reforred to as amorphous $10; (Silica Fums,
Microstlica, CAS No. 69012:64-12) For the purposes of the present invention, the pradus
produced in ferrosilicon or stlivon preparation i also understood to refer to syathetie
amorphous $10s,

it is preferable to use precipitation silicas and pyrogendc 810y, Le., that has been prodoced
by flame hydrolysis or in the electris are. The mesn primary particle size of the synthetic
amorphous sthicon dioxide can be between 0.05 wm and 18 wm, in particalar botween 01
pon and § p, pacticnlacly proforably between 6.1 pm and 2 pm. The prisuey particle size
cant be determingd, for sxample, using dyvamic Hght scattering (for exanple, Hortha LA
Q507 and checked by scanuing electron microscope views (SEM views with, for example,
Nova NanoSEM 230 fom the company FED. Moreover, using the SEM views, details of
the primary particle form up to the order of magnitude of 0.01 wm can be made visible
The 810; camples were dispersed in distilled water for the SEM measurements and
subseyguently applied to an alominam holder to which a copper haund was stuck, before the
water was evaporated,
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Muoreover, the speeifie swrfiwe wen of gynthetie amorphous silicon dioxide is determined
by gas aésmpiim ITCASULEINORS {E:ii*‘ 5 mati&m&“& emmrding £ 2“}}(N 66} 31, The specific

1 and 30wy, ;mm‘smmh pre ifcmbix tm:wwz} 1 and 30 mg i}gsﬁm ably, the predigt can
also be mixed, for example, in order to obtadn ina controlied marmer mixtures with certain
particle size distribabions,

By sgglomeration, the mentioned amorphous 8iCh types readily form larger agprogates.
For a uniform distribution of the amorphous S10; in the molding numterial mixture, it is
pptionally advantageous i the ageregates break up again partially into smatler pnits during
the mixing or from the beginning do not excesd 8 certain size. {tis preferable for the
residue — for the purposs of deseribing the extent of the agglomeration - after passage
through a steve of mesh width 48 g 028 mesh) to be not more than approgimately 10
wite, particularly preferabily not more than approximately § wi%h, and most particadarty
preferably not more than approxinmately 2wl

Depending on the manutactuning type and producer, the purity of the ax.rmrg\}}m\‘,xx Ni(h can
vary strongly. Types having a content of at keast 85w 810y, preferabdy at bogst 9w
awd partionfarly preferably of ot leant 95 w136 have besn found to be suitable. Depending
ot the use and the destred strongth level, between 0.1 wids and 3 wits of particulate
amorphous &-t_{f}-x s wsed, proferably botween 601 w26 and 1.8 wtthy, particularly preferably

between (01 widt and LY wi%s, ineavh caze in vefevence o the basie molding muaterial.

The ratio of waterglass binder to particalate metal oxide and in particular 1o amorphous
Kildy van vary within broad Hnsits. This offers the advaastage of strongly haproving the
initial strength of the cores, Le., the strength homediately after the removal from the toal,
without substantially influencing the final strongths. This is of great Intorest particulasly in
Hpht metal casting. Ow the oo hand, high indtiad strengths are destrable, i order 1o be able
te transport the cores withont proddem after thelr manufactore or to be able to assemble
them inte complote core packets, and, on the other hand, the Sual stronpihs shonld not be
exeessively high fn order to prevent ditficuliles at the time of the disiniegration of the core
after the casting, 1., it should by possibile alter the casting to remove the baste molding
waterial without problem from the hollow spaces of the casting mald.
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Relative to the weight of the bindey (ncluding dilnent and solvent), the amorphous S0y s
obtained preforably at a cootent from 2 to 60 wis, particwdarly preferably from 3 1o 5§
wits, and particularly preferably between 4 o 50 wit, or respectively particulasly
preferably from 1T to 1112 (parts by weight) relative to the ratio of solid matier content
of the waterglass to m;zmrpimma. Sil¥s,

The addition of the amorphous SiO;,, gecording to EP 1802409 B1, can cecur both before
and alse after the binder addition directly to the refractory material; however, as deseribed
s EF 1884300 AL (= LIS 2008/029240 A D), 2 preliminary mix of SiCy with a portion of
the binder or soaltnm hydroxide solution can be produced fivst and then admixed in the
vefractory material, Any binder or binder comtent that is still present and has not been used
for the prelimdnary mixture can then be added to the refractory substance, hefore or after
the addition of the premix or together with said mix. The smoerphous S10; is preferably
added to the refractory muaterial before the binder addition,

The content of synthetic amorphous silicon dioxide, relative to the total welpht of the
bindder, is preferably from 1 to 80 with, preferably between 2 and 60 wi¥, especially
preferably between 3 and 50 wila,

In a hurther embodiment, the molding material mixture secording 1o the invention can
melude & phosphorus-containing cempound, This additive 18 preferable in the case of very
thin~walled sections of @ casting mold, 1 is preferable heve to use organie phosphorus
corapounds in which the phosphorus is preferably ot oxidation level +5. As aresult of the
addition of phosphonav-containing compounds, the stability of the casting mold can be
ineregsed forther, This is of importancs particelarty 1 during the metal casting, the Haquid
metal sirikes @ slanted surface and has o high erosion action there doe to the high
metaliostatic pressure, and can lead to deformations in particular of thiv-walled sections of
the casting mold.

The phosphorus-containing cotepound is preferably in the form of & phosphate or
phosphorus oxide, The phosphate here can be in the form of an alkali or alkaline canth
phosphats, wheredn alkali metal phosphates and here in particalar sediunt salts are
particnlarty preferable.
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In principle, armonium phosphates or phosphates of other metal jons can also be used,
However, the alkali and slkalive sarth metal phosphates mentloned as preforable ave easily
aceessible and available cost effoctively i any desired quantitics. Phosphates of polyvalent
metal jons, particatarly of trivalentmetal tous, are not preforable. Bt has been ohserved that
when using such phosphates of polyvalent metal fong, in particular of trivalent metal ions,
the provessing tme of the molding roaterial mixture is shortened. If the phosphorus-
contaiing componnd is added to the molding material mixture in the fonmn of a phosphorus
oxide, the phosphorus i preferabily in the form of phosphorus petexids. However,
phosphorus ti- and phosphorus tetraoxide can also be wsed,

As phosphates, both arthophosphates wad also polyphosphates, pyrophosphates o
metaphosphates can be used. The phosphates can be produced, for example, by
aeutralization of the corvesponding acids with & corresponding base, for exanple, an alkali
metal base such as NaldH, or possibly also an atkaline earth metal base, wherein sll the
negative charges of the phosphate do nwot pecessueity have to be ssturated with metal fons.
It is possible 1o use buth metal phosphates and also metal hydrogen phosphates as well as
metal dibydropen phosphates such as, for example, NasPOy, N HPO,, snd NalPO;. The
anhydrons phosphates as well as hydrates of phosphates can be used equadly. The
phosphates can be indroduced both in crystalline and also in amorphouns form into the
molding material mixtes,

Polyphosphates denote in particular Hosar phosphates that inelude more than one
phosphorus atom, wherein the phosphorus atoms in each sese are hound fo one anethier vig
pxygen bridges. Polyphosphates are obtained by the condensation of arthophosphate fons
with water cleavage, so thad  Hocar chain of POy tetrahedrs is obtained, tetrabedrs which
tr each case are connected via comers. Polyphosphates have the gevers] formula
(OEON™ whereln v corresponds to the chain length. A polyphosphate can tnchude up
to-several hundred PO, tetrabadra. However, it is preferable to use polyphosphates with
shoerter chatn lengthy, It i preferable for o to have values fom 2 1o 100, sspeaially
preferably 5 to 59, It is also posaible to use higher condensed polyphosphates, Le.,
polyphosphates in which the PLY tetrabedra are comnected to one another vig more than

two corners and therefore exhibit polymerization in two or three dimensions.
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Metaphosphates denote cyclic structares which are constructed from POy tetrahedea in
zach vase connected o ony another via corners. Metaphosphates have the general fornnula
{PO3INY™ where 1 s at foast 3. n preferably has values from 3 1o 160,

It is possible to use sither individual phosphates or alse mixtires of ditferont phosphstes
andfor phosphorus sxides.

The prefersed content of the phosphorus-costalning compound, relative to the refractory
basie molding material, is between 0.05 and 1.0 wits, In the case of & content of less than
(.03 wite, no clear influence on the mold strength of the casting mold can be observed I
the content of the phosphate excseds 1.0 wit, the hot strength of the cesting moeld
decroases considorably. It is preforable for the content of the phospherus-containing
compound 1o be seleated between 0.1 and 0.5 wide, The phosphoms-containing inorgani
compound preferably contaivs batween 40 and 90 wids, especially preferably between 50
and 80 wi%s phosphorus, caloulated as Po(ls. The pheaphorus-containing compound fteelf
can be added in solid or dissolved form to the molding material mbiture. B s preferable to
add the phosphomscontaining compound as 1 solid o the molding material mixturs. If the
phosphorus-containing compeund is added in dissobved form, water is preferable as solvent.

Ax an additional advantage of an addition of phosphorus-comtaining conpounds to
molding matertal mixtures for producing casting molds, # was found that the molds exhibit
very good disintegration after the metal casting. This applies partionlarty to metals that

<

require lowor casting teniperatures, such as lght metals, in particnlar ahuminum. Duwing
wwon casting, higher temperatures of tore than 1200 °C act on the casting mold, so that
there is an increased visk of vitrification of the casting mold and thus of & worsening of the

disintopration properties.

In a further embodiment, an organie somponnd (arcording to BF 1 802 409 B asd WO
2008/046651) can be added to the molding materdal mbaure according to the invention. &
smatler addition of orgasic compounds can be advantageous for special applications — for
example, in order to further Improve the core removal behavior. However, such an addition
s not preferable, becanse this again s assosiatad with emidssions of COy and other
pyrolysis products.



10

20

Pl
P23

In comparison to binders based on organie selvents, binders that contain water generally
have & poorer fluidity. This means that it is more difficalt to &}l molding tools having
narrow passages wid several bypasses. Consequently, the vores can have sections with
isulficient sealing, which in tura can fead to casting defects daring casting. According o
an advantageous embodiment, the molding material mixture according to the invention
containg & cottéat of plate-like lubeivants, in particudar graphite or MoB;, 1t has been found
surprisingly that, i the cage of an addition of such lubricants, in particular of graphiie,
complex shapes with thin-walled sections can also be produced, wherain the casting molds
have o uniform high density aud strength so thet substantially no casting defects have been
abserved during the casting. The quantity of the added plate-like lubriva, in particular
graphite, is preferably 0,08 to 1 wi%h, particularly preferabily 0.08 to 0.5 wi%, relative to
the basic molding material.

Instead of the plate-like lubriants, surface-active substances, tn panticular surfactants, can
also be used, which improve the fntdity of the molding moterial mixtre, Suttable
representatives of these compounds are deseribed, for example, in WQ 2000038320 (= US
2010/03268620 AL Mentioned here are in particular swrfactants with sulfieie acid o
sulfonic acid groaps. A surfiace active substance denotes o substance th_ai. can torm a

for example, ?tzrthumorm b\f niEans (‘%f & Su?’fam: «aotive substance thf: surface tenston m‘:

water 13 lowersd. Ruitable susface-getive substances are silicons oils, for example.

iwdmpmks: part an.:i a iwgirophc;bm part, whmh are a«;iapt@é o dprms of a:ha—:;r properties 8o
that in an aguoous phase the surfhetants form wdeelles, for exanple, of they san
accumulate o the boundary surfac

All the classes of suractants themselves can be used in the molding material mixture
according fo the nvention. Suitable are, In addition 1o anionic surfhctants, also nonionic
surfactants, cationie surfactants ss well as saphoieric surfactuts.
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Examples of nonionis surfactants are, for example, sthoxyiated or propoxylated long-chain
alechols, amines ov acids, such as fatty sleohol sthoxylates, alkyl phenol ethoxylates, fatty
arping ethoxviates, fatty acid ethonylates, the corresponding propoxyiates and alse sugar
surfactants such as faty alechol-based polyglveosides, for example. The fatty alechols
predferably comprise § (0 20 carbon atoms. Ratiable cationie surfactants are

alkylarmmoninm componnds and tmidazoliniun compounds.

{1 iz preferable to use anionie surfactants for the molding material mixtore according to the
invention. The anionic surfactant preferably comprises, as polay hydrophitic group, 8
sulfate, sulfonate, phosphate or carboxylate group, wherein sulfate and phosphate groups
are particularly proferable. I sulfate group-containing antonie surfactants are used, it i
preferable to use monoesters of sulfiris acid, I phosphate groups are wsed as polar growp
of the antonic swrfactant, 1t is partionlady preferable 1o use mote- and disstors of
arthophosphorie acid,

The swriactants wed in the molding material migiure ageording to the invention share the
property that the apolar, hydrophobic section 1y preferably formed from alloyl, aevl andior
aratkoyl groups comprising preforably more than 6 carbon stoms, particularly praforably 8
tos 280 carbon sloms. The hydrophiobic seotion can comprise both Huear chains and also
branched structures, Mixturss of different surfactants can also be wed squaldly,

Particularly preferable antonie surfactints wre selocted from the group of oleyl sulfate,
stearyl sulfate, palmityl sulfite, myvristy! sulfinte, laury! sulfiate, deoy! sulfate, ooyl sulfate,
Dethyihexyl sulfate, J-ethoxyocty! sulfate, J-ethyldecyl sulfste, palimitoley! sulfite, lnolyl
sulfate, lauryl sulfonate, Z-ethyldecy] sulfonate, pabmityl sulfonate, stearyl sulfonate, 2-
cthylstearyl sultonate, linolyl sulfonate, bexyl phosphate, T-cthylbexyl phosphate, capryl
phosphate, lauryl phosphate, myristyd phosphate, palinity? phosphate, palnaitoleyt
phosphate, oleyl phoaphate, stearyt phosphate, poly(1,2-cthandivi-pheno! hydroxy
phosghate, polv(l,2ethandivi-istearyl phosphate, and poly(l Zeethandivi-olevl phosphate,
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In the molding material mixture according to the invention the content of the pure
surfactant substance, relative to the weight of the refractory baste molding muaterial, i
preferably 0,001 to 1 wit, particululy prefevably 0.01 10 8.2 with, Froquently, such
surfactant substances are commercially available In the form of & 20 1o 30% solution. In

ihis case, the agueous solutions of the swfsctant substances are particularly prefevable.

Int principle, the suvfactant substance csn be added etther In dissobved form, Tor sxanple, in
the binder, as separale componsat, o, on the other hand, via g solid component which
functions 48 carvier muaterisl in an sdditive added, for example, to the molding material
mixture. H is particolarly prefersble for the surfactam substance o be dissolved io the
binder,

I addition to the wentioned components, the molding material mixture sccording 1o the
invention can also include fuvther additives. For example, internal separation agents can be
added, which facilitate the detachment of the casting molds fror the molding tonl. Sultable
internal sepavation agents e, for exampde, calolnn stearate, fatty acid esters, waxes,
natural vesing or special atkvd resing.

Purthermore, silanes can also be added to the molding material mixture aconrding to the
mvention, in order to increase the resistance of the wolds and cores to high aly husmidity
and/or to water based meolding material coatings. According o a Quther praferred
cmbodimean, the molding matedal misture according to the fnvention containg &
proportion of at least one silane. Suitable stlanes are, for example, aminosilanes,
epoxysiianes, mercaptosilanes, hydroxysibaoes snd weidosilanes, Examples of suitable
silanes are aminopropyhirimethoxysitase, hydroxyvpropylivimethoxysilane, 3«
ureidopropylivicthoxysilane, mercaptopropyiirhmethoxysilane,
glycidexypropyhrimethoxysilane (3 deepagyoyeiohexyl rimathoxyailane and N-
(aminocthyaminopropyliimethoxyailane. Based on the binder, it is typleal to use 0.1 t0 2
wits sitane, preferably 0.1 to 1 wit. Forther suitable sdditives are alkali metal silioonates,
for example, potassium nethy] siliconate, of which 0.5 to 15 wit, preferably 1 to 10 wits,
and pacticularly preferably 1 to 5 wil relative to the binder can be used, If the molding
mateial mibxiure containg silanes sndfor alksl methy! siliconates, then thelr addtion
wsually occurs in the nold so tha they can he incorporated from the start in the binder.

However, they also can be added to the molding material as separate component,
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The nwiding material mixture sccording to the invention represents an intensive mixture
consisting at least of the mentioned components, Here, the particles of the refractory basic
molding material are prefosbly coated with a layer of the binder. By evapeorating the water
{approximately 40-70 wite, relative 1o the weight of the binder) present in the binder, &
firm coheston between the particles of the refractory basic molding material can be
achieved.

fiy:spite of the high strengths that can be achieved with the binder systam accerding to the
invention, the casting molds prepared with the molding material mibxtues according to the
nvention surprisingly have o partienlarly good disintegration after casting, particulady in
the vase of alumdnum easting. As already mentioned, # has also beas found that with the
mnlding material mixtere according t the invention casting molds can be produced tha
exhibit very good disintegration even in the case of fron casting, so that the molding
material mixture, sfier casting, can be poured out withont problem even fom narrow and
angular seotions of the casting mold. The use of the mold body prepared from the molding
muaterial mixtare according to the Invention is therefore not Hmited only to Haht metal
casting. The casting molds ave suitalde Iy general for casting metals sueh as nonferrous or
ferrous metals, for example. However, the molding material mixture aceording to the
fnvention is particnlarly suttable for casting ahumiman,

The invention further relates to a method for prodocing casting molds for metal processing,
wherein the molding muaterial mixture acconding to the invention s used, The method
aceording o the invention comprises the stepss

# Preparing the above-described molding muterial misture;

& Molding the melding material mixtuee

& Curing the molded molding material mixture, whereln the cured casting mokd is obtained.

{n the preparation of the molding matedal mixture according to the invention, the
provedure generally is lo first use the refractory baste molding matertal as starting material

and then add the binder under stirring, Here, the watergluss as well as the powdered bartum
sulfate can be added i any order.
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The gbove-desoribed additives themaelves can be added in any form to the molding
material mixture. They can be added individuatly or wleo as g mixture. According o a
preferred embodiment, the binder s produced as 2 two-compeonent system, wherstn a first
Houid componsnt contalns the waterglass and optionally o surfactant {see ghove), and a
second solid component comprise the powdered barium sulfate, and optionally the
particidate motal oxide, in particular the synthetic amorphous silicon dioxide and
apticaally a phosphate and optionally 2 preferably plate-Bike lnbricant and optionally an
organic compoursd,

in the preparation of the molding material mixture, the refractory basio molding matwial is
placed as starting materlal in wmixer, and then preferably fivst the solid componeni{s) of
the binder is/are added and mized with the refractory basic molding material. The mixing
duration is selected so that a tharough mixing of refractory basic molding material and
solid binder components ovours, The mixing duration depends on the guantity of the
melding material mixture io be prepared as well as on the mixing unitused, 1t is preforable
tor the mixing duration 0 be selected between 1 and 5 minuntes, Under preferably
continued movement of the mixture, the Hguid component of the binder is then sdded and
then the mixture continues 1o be mixed uattl g wniform layer of the binder has formed on
the grains of the refractory basic molding material. Here too, the mixing duration deponds
on the quantity of the molding materdal mixture to be prepared as well as on the mixing
unit used. U i preferable for the duration for the nuixing process to be seleoted betwesy 1
and 3 minutes. A liquid component denotes both a mibxtare of different liquid components
g also the wotality of all the indisidual Hguid components, wherein the latter can slso be
added individually. A solid component also denotes the mixtue of individual solid
components or all of the above-desuribed solid components as well as the totadity of all the
inndividual solid components, wherein the latter can be added together or one after the other
to the molding material mixturs, Acgording to another embodiment, the Hguld component
of the binder can also be added first to the refractory basie molding waterial, and solid
embodiment, fiest 0.03 o 0.3% water, relative to the weight of the basic molding material,
15 added to the refractory basie molding material and # is only thereaftor that the solid amd
figuid componsmts of the binder ave added.
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In this embodiment, a sweprisingly positive effect on the processing time of the malding
material mixtwe can be achieved. The hwventors sssume that the water-withdrawing sffet
of the selid component of the Muder is reduced in this manner and the curing process is
delayed as a vesult. The molding material mixture is subsequently brought to the desired
shape. Here, the usust muthods are used for the shaping. For example, the molding material
mixture can be shot into the molding tool by means of 2 core shooting voachine using
pressurized alr, The molding material mixture is subsequently vured, wherein all the
methods can be used that are known for binders based on waisrglass, for example, hest
curing, gassing with C0s or air or g conbination of the two as well as curing by roesng of
Hauid and selid catalysts,

Droring hot vuring, svater s removed from the molding naterial mixture. As g vesnlt,
condensgtion reactions batween silano! gronps are presumably alse inhiiated, so that a
crossiaking of the waterglass ccowrs.

The heating can ccour, for example, in the molding tool. It s possible to cure the casting
mold completely already tn the molding tool, However, it is also possible to core the
casting mold only in is moarginal area, so that it has sufficient strength to be removed from
the malding tool. The vasting mold can subsequently be cured completely by removing the
additional seater it contadng from it This car ocour iy an oven, for example, The water

removal can also ccour, for example, by evaporating the water st reduced presswre.

The curing of the casting mold can be aceelerated by Ingeeting hested air fnto the molding
ool In this embodiment of the method, & rapid transport away of the water contained in
the bimder Is achleved, us a result of which the casting mold solidifies within time pedods
suitable for industrial nse, The teniperature of the injected alr ts preferably 100 °Che

180 °C, eapecially prefevably 120 %C 1o 150 °C. The flow rate of the hoated alr is
preferably adjusted so that g curing of the casting wold ocours within thve periods suitalile
for industrial use, The time periods depend on the size of the casting molds produced. The

atn I8 to achigve curing within o time poriod of less than 3 minutes, preforably loss than 2

minutes. However, in thevase of very large casting wolds, longer thme perlods can also b

required.
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The removal of the water from the molding material mixtore can also be carried out in such
a mranner that the heating of the molding material mixture 15 aclieved by microwave
ireadigtion. However, the nucrowave rradiation {s meferally carrled out after the casting
sold hax besn removaed from the molding tool. However, for this purpose, the casting
5 weld must already have sufficient strength. As alveady explained, this can be achieved, for

example, by coring at least an cuter shell of the casting mold alveady in the molding tool,
The methods acoprding to the {pvention are sutiable per se for prodocing all casting molds
used conventionally in metal casting, that {s to say, for example, cores and molds, Heve,

10 casting molds that comprise very smsall thinewalled sections can also be produgsd
particularly advantageowsly.
The casting molds rodiwed fom the molkding msterial mixture secording o the inventien
oy by the metheds according to the fnviagion have o high strength immediatsly after

13 production, without the strength of the casting molds alter the curing reaching such a high
level that diffieulties ocowr sfter the production of the vast plece at the time of the removal
of the casting mold. Moreover, these cssting molds have a high stability at incveased sy
imnudity, te., the casting molds can surprisingly be stored without problem even fora
prolonged doratian. As an advantage, the casting meld has a very high stabilily under

an mechanioal stress, so thet thinswalled seotions of the casting mold can also be prodused
without sald sections undergoing deformation dus (o metallostatic pressure ding the
casting process. Therefore, an additional subjort matter of the invention is o vasting mold
which 15 obtained by the above-desoribed rsthod aecording 1o the investion.

a5 The casting mold secording to the fnvention is genseally suitable for metal casting, in

particular Hght metal casting, Parttonlaly advantageous results are olttained tn ahuoinues

Ped

CAtng.

Moreover, the invention is explained further in reference tn examplos withowt belng
30 Hited to them,
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Examples
1y Influenes of ditferent meolding miatenial mixtures on the bending strengths
For testing the molding material mixtuse, so-called Georg-Pischer test bars were produced.
$ Cleorg-Fischer test bars are rectangudlar test bars having the dinvensions 150 mm x 22,34
mye X Q236 mm. The compositions of the molding material mixtures are indicated in Table
1. The procedure for producing the Georg-Fischer tost bars yas as follows:
= The components Hsted {o Table 1 are mixed in a laboratory blade mixer {company
Vogel & Schemmann AL, Hagen, DEY. For this purpose, the quartz sand was first
10 itrosluced gs sfarting material, and the waterglass was added under stirrlng. As
witerglass, a sodiupy waterglass was wsed which contained proportivas of polassiun. In
the following table, the roodulis is therefore tndicated with $104: MO, wherein M
indicates the swm of sodivm and potassium. After the aubsture had been stirred for one
minute, arorphous 3Oy andfor badiumm sulfate wasiwere optivnally added under
1§ continuad stivring. The mixties was subsequently siired for another minute.
- The molding materis! mixtures were transferred to the storags hopper of an H 2.8 Hot
Box core shooting siaching from the company Réperwerk - GleBereimaschinen GmbH,
Viersen, DE, whose moldiag tool had been haated o 183 °C;
- The molding material mixtures wers introduced by means of pressurized air (5 bar) into
it the mald and they remained for an additionsl 33 seconds inthe molding ool
« For the aceeloration of the wuring of the mixtures, hot air (2 bar, 100 °C at the inlet into
the tool} was led through the molding tood during the last 30 seconds;
« The molding tool was opencd and the test bar removed,
25 For the detenmination of the beodiog strengths, the test bars were introduced inte a Georgs

Fischer strongth teating apparatus providid with 8 3-pobnt bending device {DISA Indastrie
AG, Rchaffhawen, CH) and the force that led to the break of the test bar was measured,
The bending strengths were messured sccording to the Bllowing scheme:
- 10 seconds after the ramoval (hot strengihs)

3 - 1 howr affer removal {cold strenpths)
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The indexes in Table  have the following meaning:

Y Alkali waterglass with 3 weight modulus 8105 M0 of approximately 2.1; relative to the
total waterglass. Solid matter vontent spproximately 35%

B Microsilica white GHL DLS7IW (amarphous SO, company RW silichan GmbH;
originating from the metallorgical production of silicon in the slectrie are furnace)

9 Heavy spar powder 011 {natural bartum sulfate, company Sschtleben Bergbaa GmbH
& Co K3

 Rarium sulfate {pracipitated, company Sigma Aldrich)

% Boronid SCPI (boran nitride, company ESK Ceramics GimnbH & Co. KG)

" Boronid 86 (hexagonal boron nitride, company BSK Ceramics GmbH & Co, KOG

B Boronid 8§12 ¢ hexagonal boren niteide, company ESK Cermuics GrmbH & Co KG)

M Corundum {corundum, companty Trethacher Sehleifmitted

" Tale H100 (company Frans Mandt GrubH & Co. K ¥ Gloss powder graphite 83
{eompanty Technoygrafit Gmbi)

]

The measured bending strengths are summarized in Table 2

Examples 101 to 110 Hlustrate that the strength Tevel requived for mgomated series
nanufacture can be reached i g synthetie amorphous silicon dioxide 18 added to the
medding materdal mixture. The addition of different guantities of baiwn sulfate alone does
not lead to the requived increase to strengths, i patticular the hot strengths. By combindng
synthetic amorphous silicon dioxide with bartum sulfste (Examples 1.7 o 1104 enthe
ather hand, strength Tevels can be achisved that are comparable to those of solid matter
mixtures o which onl

£y

» synthetic amorphous silicon dioxide has been added (Bxample
L0y Furthermore, it is cloar that 8 is advantageons if the addition of barium sulfate is not
so high that the strengths, In particudar the hot strengths, decrease in the case aof increased
added guantities,

A comparison of Examples 107 with 111 shows that it ruakes no difference whethey
natural or synthetio bartum sulfate is used, The Examples 107, 1.11 to 118 demonstrate
that good strength levels (in partionlar nnediate strengths? can be achieved with the
additives BaSOy, cormdum, tale, zircontum silicaie and graphite. On the other hand,
additions of boron nitride (independeantly of the particle sizes, ete., Examples 112 - L14)
to respeotive molding material mixtures clearly show reduced strength levels, in particular
immediate strengths,



Table 1

{Compositions of the molding material mixtures

Quartz sand | Alkali Amorphous | Bartum {ther
HAY waterglass | B sulfate additives N
L4l e ar 20067 1. 4. s Comparison
102 1T oT®  lesor® |- - Comparison
103 | 100 QT 20GTY L. Q3 GTH |- According to
. S R S N 5 B the jnvention
104 | 100G wary . DEGTH |- Agcording to
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, the invention
LS 1 100QT 00T . LOGTH |- Acsording to
o . o B the invention
LOs | WBGY wory L. 2BGTH |- According to
S | I the invention
LO7 1D oT 2GTY asor®  loagr® |- According to
_ N the invention
LOg L 1o0oT 2006TY 03 6TY  lesarY |- Acvording o
7 _ the invention
109 100 uT 200TY lesoTY  lLegrY | According to
,,,,,,,,, _ N {he imvention
110 100GT 2HOTY a3 eTY 20079 |- According to
_— e — the invention
L1l LI GT 20TY asary et |- According to
RS S N N e fnvention
112 L8 GT 2067TY  lesar® .4 GIGTY | Comparison
L3 LI00GT  aogrY lesor® . L03GTY | Comparison
L4 1100 6T 20GTY  1056TY 1. 83 GTH | Comparison
LIS lwoear 20GTY losar® 1. GAGTY | Comparison
L6 10 aT 1O0TY lesory |- 03GTY | Comparison
L17_l1eogr  jroar  jesar® . 03GTY | Comparison
LIS [I00GT  120GTY  josar™ |- 836TY | Comparison

Conparison = not acoording to the nvention




Table 2
. Bending strengths

L8

Hot gtrengths Strengthy after 1 h
[Wiem™] Nfem™
1.01 0 380 Comparison, not according to
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, theinvemtion
1.02 150 479 Conmparison, not according t©
____________ i the Invertion
103 Q% 1365 Acgcording to the invention
104 Lvee — 360 Secording to the tnvention,
LO5 1100 3560 Avcording io the rvemion
1.06 10 300 _ 1 According to the invention
1.07 168 _ 460 Acvording to the invention
LOR 140 470 Aceording o the invention
1.09 140 440 1 According to the invention
1140 133 410 o Aceording to the invention
1.11 145 1480 According to the invention
112 95 345 Cormparison, not according to
VVVVVVVVVVVVVVVVVVVVVVVVVVVV the mvention
1,13 LG0 315 Cotaparison, nal according to
........................................... ‘ﬁiﬁ 2?!‘;&;}i£{n~} R R
1,14 108 240 Comparison, not according to
e theinventton
1,13 150 £70 Conparison, not agcording to
the invention
Lie 138 460 Conparison, not acvording to
N _ the nvention ,
1.7 130 4160 Comparison, not aceording to
. S the invention
118 153 460 Compartson, not aceording to
,,,,,,,,,,, the ivention
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2} Improvemnent of the cast surface

The influence of barhn sulfate as molding muaterial sdditive on the cast seface was

nvostipated and evaluated n comparison to the molding material mixtures that wre not

according to the nvention. Faor this purpose, the following procedure was used:

~ Cleorg-Fischer test baes of the wolding muaterial mistares 1,01 1o 1,18 in Table 1 were
incorporated in 2 sand casting modd o such & manner that during the casting process
three of the four longtindingl sides some in comtact with the casting metal,

-~ The casting waa varvied out with an alundnum alloy of type 226 at a casting temperature
of approximately 738 °C.

- After cooling the casting meld, thecast plece was rid of sand by high-frequency
hamomer strikes,

- The cast picces were subsequently svaluated with regard to remaining sand adhesion
and youghness.

The vast sections from mixiures 1O and 102 clearly show more sand adhesion than those
from nmuixtures 1,03 to 1,1 The posttive effect of bartust sulfate on the cast suefaces
beeomes very clesr hore. In addition, a comparison of the cast surface for mixtures 107
and 11T adso shows that the desived effect s achisved both with natarad and also with
symthetic bartum sulfate, Whether synthetic or natura! bartam sulfide is used appacently
plays no role,

A comparison to the cast sections from mixtures 1.07 and 1.1 to 118 shows that only the
additions of barium sulfide or hexsgonad boron nitride Iead to improved surfhces. No or
hardly sy improvenunt of the surtace can be observed when other additives {oorandam,
tale, graphite, zirconium stlicate} are used.
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Barlum-ezulfilof tartalmasd ormdzdanyag-keverdkek
BEARADALMI IGENYPONTOK

1. Formazdanyag-keversk fémfisldolgozdsra alkaimas Ontdlormak aldaliitiss-
ra, amadvek sgaldbb sz sidbbiskat tartalmazesk
- egy Wzalld formazd alapanyagoet;
~egy viziivegen alapuld kitdanyagot;
~ bériwm-szulfalol; &3
- résrenskeformdjd fdmoxidokat, az amor! SI0;, aluminium-oddok és sz aluminium-
sxilikalok &9 az ezek kevardkébd! alkotol csoportbd! kivalasziva,

2. Az 1. igénypont szerintl formdzdanvag-keversk, ahol & bartum-szuliat &a-
gos részecskemerate a formazdanyag-keverdkben 0,1 pm &s 80 um koot van,

3. Az 1. vagy 2. igénypont szerntl formasdanyag-keverék, shol a b&riume
szulfat 0,02-8,0 Wmeg%, sldnydsen 0,05-3,0 tmeg%, killéndsen elénydsen §,1-2,0
Wmeg vagy 0,3-0,88 dmeg®h mennyiségben van a formazdanyag-keverskbern,

4. Az sllizd igénypontok legalabb sgyike szerntt formésdanyag-keverdk, ahol
a formazdanyag-keverdk legfeliebb 0,2 tomeg% szerves vegyiletet tartalmaz.

5. Az eldzd igénypontok legaldbb egyike szerintl formazdanyag-keverak, ahol
a vizilveg SsQns‘Mg(} moldris mc:sﬁuiga 1.6 gs 4.0 kozdil, eienyﬁ&en 2,048 3, 5-nél ki

§. Az oltizd §§énymr§‘éc}¥x §e§aiab§§ agyﬁk@ szarintl f@rmézémyag%{@mré& shol
& formazoanyag-keverek a fonmazd slapsnyagrs vonatkoztatva 0,5-5 t@meg% vie
Uveget, elonylisen 1-3.5 tdmagth vizivegst tartalmaz, ahol a viziiveg szilérdanyag-
tartalma 25-65 Wimeg%, sldnydsen 3080 Wmeag%.

7. Az ollzd igénypontok legalabl egyvike szerinti formézdanyag-keverdk, ahal
& reszecskeformajo fdmoxidok atlagos priner részecskenagységa 0.058 mm é&s 10
i kezdtt van, kidondsen 0,1 mm ds § mm kSzot, kiitnosen elénytisen 0,1 mm Ss
2 myn kazotd, és eltdl fuggetientl BETHelilete 1-200 m¥y, kilénosen 1-50 m¥g, és
kilondsen eldnydsen 1-30 még. |

8. A 7. igénypont szerntl formazdanyag-keverék, ahol a formazdanyag-
keverdk, a formazd alapanyagra vonatiostatve, amorf Si0xof 0,1-2 tameg%, elé-
nydsen 0,115 wmegh mennyiséghen, és stid! figgetientl a katdanyay tmegére




vonatkoziatva 2-80 timeg%, kildntsen oldnydsen 4-50 timeg, sidnytisen 30-60
Omeg% mennyisdghen tartalimaz.

B. Az 1. vagy 8. igénypont szerintl formdzdanyag-keverék, ahol az sikalmazott
amorf Si0; viztartalma Kisebh, mint 18 tmeg¥%. kiltndsen kisebb, mint 5 témeg¥%,
gy kilondsen sldnydsen Kisebb, mint 1 tOmeg%%, és fGggetientd, kilindsen porként
kerld adkalmazdsra,

T Az 2lbz0 igénypontok lagaldbb egyike szerintl formazdanyag-keversk, as
alabbi jsllemzik egyikéval vagy tobhidvel jellemazve;

a) o formdedanyag-keverdk tovdbbs tartalimaz tenzideket, sldnviisen az olell-szul
fal, setearid-szulfst, palmitib-szulfst, mivsziibeulfdt, lauribszulfdl, decibasulfat, okt
-szulfdl, 2-ctib-hexib-azulfat, 2-etib-okti-szuli®, 2-etil-decil-szulfat, palimitolefl-szulfat,
finolibezulfdl, laurbszulfondt, 2-etibdecii-srulfondt, palmitibszulfond, ssteanbsrub
fondl, Z-etibsztearibszulfondt, inolibsaulfonadt, hexil-foszlat, 2-stikhaexil-fosziat, kap-
ni-foszfat, lauri-fosefat, mirlsetiMosefat, palmiti-fossfat, paimitoleil-fossfal, oleil
Sosafat, sateantfoszfal, poli(t, 2-etdndiil)-ferol-hidroxi-fosxfat, poli(1,2-atandiili-sate-
ari-foszfat valamint & polil 2-etandiil}-oleiifoszidt anlonos tenzidsk &ltal alkotott
csoporthol kivilasztva,

ahol tfovabibs, eldnydsen a tenzid, a Hizalls formazd alapanyag tmegére vonatkoz-
tatva 0,001-1 tdmeg%, kildndsen sldnydsen 0,01-0.2 Bmegd% mennyissgben talak
hatd a formésdanyag-heverdkben;

b} & formdzdanyag-keverdk tovabbd tartalmas grafitol, 8 Wizalld formazd alapanyag
idmegere vonatkoztatva elfnySsen 00581 Bmeg¥%, kiltndsen 01,0505 wimeg%
mennyissgben;

¢} & forméazdanyag-keverdk tovabba tartalmar legalabb egy foszfortartalmi vegyle
tet, a Wzdld formded slspanyag tomegédre vonatkoztstva sldnyisen 0,051 -
meg%, kondsen elénydsen 0,1-0,5 Kimeg¥% mennyiséghen,

1. Elfdrds dntdformak vagy magok aldallitasdra, amely magsban foglalis:

~az 110, lgenypontok legalibb sgyike szerintl formazdanyag-keverdk biztositdsst
- g formazdanyag-keverdk behelyerdsél agy formabs, s

- & formazdanysg-keverek kikameényilasét viz slvondsa kozhen, hd alkalmazdsdval
vageelt forrd kikeményitdsssl,

TIRAITBE




12 A 11 igénypont szerinti olidrds, ahol a formazdanyag-keverdket a formaba
agy maghidvd géppel, Wilnyomasos levend segitssudvel helysezik bele, ds forma
egy formaszerszam, &s a formaszerszdmon egy vagy Wb gazdramot vezetiink &

13, A 11 vagy 12, igdnypont szerinti elidrss, ahol a formdsdanyag-kevensket
kKikeményitdsre legaldbb 100°C himarsékietnek tesszik K § perondd kevesebb ideig,
&s eftél fogostientd s Rumdzdanyag-keverdket felmelegiink, kildndsan aldnydsen
TOORGAG! 180°CHg terjedd himeérsdllatl lovagdnek & formaszerszamba vald befdva-
tasdval.

14. Forma vagy mag, amely 8 11-13. igénypontok legalabb egyike szerinti el
jarassal allithaté o6,

18. Elidras aluminium Ontésére, amely magdban foglalia

~ 8% 110 igdnypontok legaldbb egvike szerinti formazdanyag-keversk biztositasat;
« & formazdanyag-keverék behelvezdudt egy formaba, és
- & formdzdanyag-keverék kikemeényitését viz elvondsa kdzben, hd alkalmazdsdval
vigrett forrd kikeményitdssel, abbdl a oéibdl, hogy egy Sntdformat vagy egy magot
allitsunk ol &s
~ glumdniumnak vagy egy sluminiumdtvizeinek az dntdlormabs vald bedntdsét, ille-
thleg folyékony aluminiumnak vagy sgy folydkony aluminiumdtvdzetnek a maggal
vald kontaktaliasat, ‘

18. & 18, igdnypont szerintl oljdrds, ahol az, egy ontdivema vagy egy may slé-
slitdsara szolgald kikeményités egy forrd kikemdnyités, kildndsen a formazdanyag-
kevardknek legaldbb 100°C homdrsskisinek vald kitétalével 5 perondl kevesebb ide-
i, és sttt fliggetianil, kiidndsen eldnyisen, 100°CA 180°C-g tarjedd hdmeérsélkde-
tl levagtnek s frrmaszerszdmba vald beflvatasdval.

minium vagy aluminiumatvozetek ontésére — szolgdld snttformakban és magokban,
javitoll 8ntesi felllettel rendelkezd dntvények nyarése végett, ahol ax Sntéformak ss
a magok wizveagsl, az amorf Si0;, sluminium-oxidok és aluminoszilikatok valaming
az srek keveréks altal alkotolt caoporthd! kiviiasatoll résrecskemérati famoxidok
jelaniétében lettek kikeményitve, |

A meghstalimazott
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