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(57) A mixture of polyalkylsiloxanes is prepared from polyalkylhydrosiloxanes wherein each polyalkylhydrosiloxane
comprises a repeat unit of structure:

Ak
Wherein n = 5-10,000, Ak = linear or branched alkyl groups with less than 6 carbon atoms; is reacted in the
presence of a hydrosilylation catalyst with monosaturated olefins comprising [a] 1-20 mol% olefins with 40-60
carbon atoms, [b] 1-20 mol% olefins with 16-30 carbon atoms, [c] 60-98 mol% olefins with 6-15 carbon atoms. Also
disclosed is use of the polyalkylsiloxanes as die casting lubricants.
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“New modified silicon ol for wax-free die casting lubricants”

This invention relates to new silicones, processes for the production thereof and their uses, ¢.9.,
as die casting lubricants,

Waxes are commonly used ih pressure die casting release agents, mostiy as agueous emulsions,
to provide good lubrication and release, especially for Jarger and heavy castings. However, the
use of waxss leads fo build-up of wax on the spray nozzles, which eventually blocks them and
requires regular extensive cleaning of the spray equipment. Furthermore, due to residual wax
sticking to the mold, such processes necessitale also regular cleaning of the molds with
concomitant downtime of the casting equipment. Additionally, the use of waxes can entail
excassive cleaning of the castings in order to achieve satisfactory painting or plating thereof.

LS 8,635,606 B2 discloses a release agent being an agueous emulsion comprising 8 mixture of a
dimethyl silicone and an alkyl-modified silicone having an alkyl chain of 8-18 carbon aloms,
surfactant, and water, The kinematic viscosity of the alkyl-modified silicone is 100-3000 ¢35t at
25°C.

US 5211,323 B1 relates o triorganosioxy-endblocked  poly{imethy{C8-C4lalkylisiloxanea)-
polyimethyi{aralkyl}siloxane)-poly(methy{C2-Caalkylisiloxane) terpolymers and their use as

release agents.

US 2005/0187071 A1 discloses die cast release agents for lubricating at die cast mold comprising
a silicone wax compound having a molecular weight from 5,000 1o 50,000 and a melting point of
about 90 1o 220 °F, whereln the silicone wax compound has alkyl side groups having af least 18
matketed based on polysiloxanes functionalized with medium length alkyl groups, However, all
these fubricants are not able to compete fully with wax containing products, especially. in large

heavy castings.

Accordingly, it is an object of the present invention to provide an alternative pressure die casting
release agent which has the same [ubricating properties and casting release rates as wax-based

pressure die casting release agents without having the disadvantages connected therelp, 8.g.,




reduiring the cleaning of the molding after release of the cast and requiring cleaning the castings
prior to painting or plating of the castings.

In a first aspect, the present invention thus relates to a mixlute of polyalkyisiioxanes
obtainable through a hydrosilylation reaction wherein a mixture of monounsaturated olefins

consisting of

a) 1-20 mol % of clefins with 40 to. 80 carban aloms,
b} 1-20 mol % of olefins with 18 to 30 carbon atoms, and
<) 60-98 mol % of olefins with 8 to 18 carbon atoms

is reacted with an amount of one or more polyalkyhydrosiloxanes in -the presence of a
hydrosilylation catalyst while each polyalkylhydrosiloxane comprises a repeating unit according to

the general structure ()

S0 (h

g
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with n indicating the number of repeating units being in a range of from 5 to 10,000,
with the residue R! being selected from linear or branched alkyl groups with less than 6 carhon

atoms.

I another aspect, the present invention relates o a polyslivylsiloxane comprising repeating
units according to general structure ().

R!

S0t an

R2

whersin n indicates the number of repeating units comprised in the polyalkylsifoxans, wherein n is
an integer of 5 to 10,000 and residue R! is selected from the group consisting of linear or branched
alkyl groups with less than 6 carbon atems,
whersin
a) in 1-20 % of the repeating units R? s sslected from the group consisting of inear or
branched alkyl groups with 40 to 60 carbon atoms,



b) it 1-20 % of the repeating units B2 15 selected from the group consisting of linear or
branched alkyl groups with 16 1o 30 carbon atorms, and

o) in 80-88 % of the repeating units R2 is selected from the group consisting of linear
or branched alkyl groups with 6 1o 15 carbon atoms,

di in0-10 %, prefarably fess than 10 %, of the repeating units R2 s K.

in & further aspedt, the present invention relates to a water-based composition suitable for use
in metal casting processes as a mold release agent comprising
a) 1-50 wt.-% of a mixture of polyalkylsiloxanes or polyalkylsiloxane as defined above,
by 1215 wi-% of a non-jonic surfactant having a HLB vaiue of at least 8, and
c) less than 20 wt-%, preferably less than 10 wi-%, more preferably less than

T wt-%, evan more preferably less than 0.1 wit-% of waxes.

in-another aspect, the present invention telates to the use of polyalkyisiloxanes as a mold
release agent in 2 metal casting process, wherein {). the polyaltkylsiloxanes are a mixiure of
polyalkyisiloxanes as defined berein, i} the polyalkyisiloxanes are polyalkylsiloxanes as
defined - herein, or i) the polyalkylsiioxanas comprise a repealing unit aceording o the

following general structure (iH1);

R

Q
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wherein n indicates the number of repeating units being in a range of from 5 to 10,000; whersin
for gach repeating unit the residus R! is independently selected from linear alky! groups with
less than 6 carbon atoms; and wherain for each repeating unit the residus R? s independently
selected from hydrogen or linear or branched alkyl groups haviag 6 1o 15 carbon atoms, 16 fo
30 carbon atoms or 40 fo B0 carbon atoms, while the fraction of repeating units with a residue
R2 being hydrogen is fess than 0.1, being a linear or branched alkyl group having 16 to 30 is in
a range of from 0.01-0.2, being a linear or branched alkyl group having 40 to 80 carbon atoms
is.in & range of from 0.01-0.2, and being a linear or branched alkyl group having 6 fo 15 carbon

atoms is in a range of from 0.8-0.88.

Further embodiments are defined in the appended claims.



The inventors of the present invention surprisingly found that incorporation of fong alkyl chains in
polysiloxanes confers a polysiloxane polymer lubricating properties resembling those of waxes in
pressure die casting refease agents. Furthermore, the inventors found that the use of mixiures of
short, madium and long alkyl chains on the polysiloxane backbone gives excellent control over its
viscosity, Without wishing fo be bound to a particular theory, it is believad that the long alkyl
groups provide wax-type characteristics lo the polysiloxane with concomitant advantageous
characteristics in pressure die casting while the short and medium alkyl chains simultaneously

eliminate the disadvantages of wax-containing release agenis.

These features are advantageous for application of this compound in wax-free pressure die
casting release agents. Specifically, application of these modified polysiloxanes in pressure die
casting release agents combines the advantageous lubricating properties of waxes without the
disadvantageous build-up of waxes on spray nozzles and mold and paintability Jssues

encountered in wax-containing release agents.
Thus, use of a waxsfree {ubricant makes cleaning prior to painting or plating obsolete,

Furtherniore, absence of additional wax In the lubricant prevents build-up of solid wax residues on
the nozzles and dies. This circumvents the need for regular ime-consuming cleaning of the spray
equipment. Furthermore, the resulling castings are cleaner and more suitable for subsequent
painting or plating without the need of additional cleaning steps. In addition, the inventive lubricant
shows better performance compared o current wax-free die casting fubricants.

These new and improved polyalkylsiloxane derivatives may be in the form of sificone oil

This compound may be directly used as a lubricant or includad in a wax-free release agent for

pressure die casting.
The new polyalkyisiloxane derivatives are particularly advantageous in water-based emilsions.

However, a second field of application is use of the new modified silicon ofl i casting processes
where the silicon oil is appiied directly (not as emulsion) on the mold. Waxes cannot be applied in
this technology due to their insolubiiity in silicon oils. The use of the new modified silicon oll in this
technology thus allows incorporation of wax-type characteristics in the silicon off.

Accordingly, the present invention relates to a modified polysiloxane which is prepared by
hydrosilylation of polymethylhydrosiioxane with a mixiure of short (C6-C15), medium (C16-C30),



and long a-olefing (> G40, preferably C40-C60) according to state of the arl methodology. The ratio
of the constituting o-olefins is chosen such fo provide a modified polysiloxane with a high content of
long alkyt groups while keeping the polysiloxane fiquid with 2 kinematic viscosity of 200-20000
mPas at 25 °C. The thus formed madified polysiloxanas can be applied in wax-free die casting
felease agent

in certain embodiments. the modified polysiloxanes can be directly appiied to the mold.
in further embodiments, the modifisd polysiloxanes are included in an agueous emulsion.

More spedifically, the die casting release agent may be an agueous emulsion comprising the
modified polysiloxane (5-50 wi-%), a surfactant mixture {(1-15 wt-%) and water adding up to
100 wt.-%.

Typleally, the modified polysiloxane is prepared as follows: The modified silicone ail is prepared by
addition of the appropriate mixture of g-olefins o polymethylhydrosiloxans using a platinum
catalyst giving o Si-H conversion of »94%. The modifizd polysiloxane may be a polymethyisiloxane
functionalized with a mixture of long alkyl groups (>CA4Q, preferably C40-C60, 1-20 mol%), medium
sized alkyl groups (G16-G30, 1-20 mol%), and the remainder with short alkyl groups (G6-C158). The
modified polysiloxane preferably has a kinamatic viscosity below 20000 mPas, preferably below
7000 mPas at 25 °C 1o allow succassful emuisification.

Accordingly, the present invention refates to mixture of polyalkyisiloxanes obtainable through a
hydrosilylation reaction wherein a mixture of monounsaturated olefins consisting of

) 1-20 mol % of olefins with 40 to 60 carbon atoms,
b} 1-20 mol % of ofefins with 16 to 30 carbon atoms, and
) 60-28 mol % of olefins with & 1o 15 carbon atoms

is reacted with an amount of one or more polyalkylihydrosiloxanes in the presence of a
hydrosiiylation catalyst while each polyalkylbydrosiloxans compriges a repeating unit according to

the general structure (1)

H
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with n indicating the number of repeating units being in a range of from & to 11,000;
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with the residue R! being selected from linear or branched alkyl groups with less than 8 carbon

atoms.

The term "olefin”, as used herein, refers to monounsaturated olafins, hydrocarbons having a single
ethylenic double bond such as normal and branched chain aliphatic olefins. Olefins do not
comprise double unsaturated bonds.

The term “short” olafin or alky! relates to C6-C15 olefins or alkyls. The term ‘medium’ olefing or
alkyls relates to C16-C30 olefins or alkyls. The term “long” olefins or alkyls relates to C40-C60

olefins or alkyls.

The ternt “moi% of olefin’ relates to the molar ratio of a short, medium, or long chain olefin in a

reaction with regard fo the total moles of ofefin in the reaction.

The term "polyalkylhydrosiloxane” refers to a polymer comprising repeating units according o a
general structure (1. In certain embadiments, the polymer further comprises trimethy! groups as

terminators.

The term “hydrosilylation”, also called catalytic hydrosilation, describes the addition of Si-H bonds
across unsaturated bonds. Typically, the reaction is conducted catalytically and usually the
subsirates are unsaturated organic compounds, Alkenes and alkyoes give alkyl and vinyl silanes. A

platinum catalystis usually employed.

Olefins with 6 to 15 carbon atoms are preferably selected from the group of olefins with 10 to 14
carbon atorns. Most preferably, the olefin with 6 to 15 carbon atorns selected for use in the present

ihvention i8 1-dodecens,

in some ambodiments, 2-10 mol%, preferahly about & molSh, olefins consist of linear or branched

alkyl groups with 40 1o 60 carbon atoms.

in various embodiments, 2-15 moi%, preferably about & mol%, olefins consiet of linear or branched

alkyl groups with 18 to 30 carbon atoms.

In certain embodiments, 80-86 mol%% or 75-98 mol%, preferably §0-20 mol% or 76-80 ml% olefins
consist of inear or branched alkyl groups with 6 (o 15 carbon atoms,

in certain embodiments, n is an integer of from 5 to 10,000, 5 to 7,000, or 5 to 5,000, Preferably, o
is an integer of from 5 to 2,500, 5 to 1,000, or 5 to 500. More preferably, n is an integer of from 5 to



250, 5 to 200, 5 to 100. Even more preferably, nis an integer of from 5050, 51040, 510 30, 5 1o
29, 51028, 51027 51028, orfilo 25

in some embodiments, R? is selected from the group consisting of methyl, ethyl, linear or branched
C3-C5 alkyl In some embodiments, R! is selected from the group consisting of methyl, ethyl, n-
propyl, T-methylethyl, n-butyl, tert-butyl, 1-methyl propyl, 2-methyl propyl, n-pentyl, 2-pentyl, 3-
pentyl, 2-methyl butyl, 3-methyl butyl, 3-methyl but-2-yl, 2-methyl but-2-yl, and 2.2, -dimethy! propyl.
In certain embodiments, R! is selected from the group consisting of H, ethyl, n-propyl, 1-methy!
athyl. In cartain embodimants, R is H.

Typically, the resulting mixture of polyalkylsiloxanes is an oil.

in certain embodiments, the mbdure of polyalkylsiloxanes is obtained in a hydrosiiylation reaction
being conducted with an amount of polyalkylhydrosiloxanes that equals at least 60 %, preferably at
least 80 % of the stoichiomestric amount, but preferably equals not more than the stoichiometric
amount.  In  certain  embodiments, the reaction is performed with an  amount of
polyalkylhydrasiloxanes that equals at least 80%, 70%, 80 %, 90 %, 95 %, 97.5%, 99 %, or
99,5 % of the stoichiometric amount.

In some embodiments, the mixture of polyalkyisifoxanes is obtained in a hydrosilylation reaction
being conducted with polyalkylhydrosiloxanes that are at least partially selected from
polymethythydrosiloxanes, and preferably with polyalkythydrositoxanes wherein at least 80 mol% of
the repeating units according to the general structure (1) have a residue R! being a methyl group.

However, in some ermbodiments in the method of the present invention polyalkylhydrosiloxanes are
employed, wherein at least 80, 85, 85, 87 5, 98, 98, or 89,5 mol% of the repeating units according
to the general structure (1) have a residue R! heing a methyl group.

In further embodiments, the mixture of polyalkylsiloxanes is obtained In a hydrosilylation reaction

wherein at least 80 mol% of the monounsaturated olefing are selected from g-olefins.

Preferably, the mixture of polyalkylsiioxanes is obtained in g hydrosilylation reaction wherein at
least 80 mol®%, 90 mol %, 95 mol%, 97,5 mol%, 99 mol%, or 99,5 mol% of the monounsaturated

olefing are selected from c-olefins.

In various enmbodiments, the mixture of polyatkylsiloxanes is obtained in a hydrosilylation reaction
wherein the hydrosilylation catalyst is a platinum catalyst. The platinum catalyst may be selected
from the group consisting of chioroplatinic acid, alcohol madified chlaroplatinic acids, olefin
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complexes of chioroplatinic acid, complexes of chloroplatinic acid and divinyltetramethyldisitoxane,
fine platinum parlicles adsorbed on carbon carriers, platinum black, platinum acelylacetonate,
platinous halides exemplified by PiCl, PiCly, PUCN}, complexes of platinous hafides with
unsaturated compounds exemplified by ethylens, propylene, and organovinylsiloxanes, siyrene
hexamethyvidiplatinum, RhCh{BuzS)s, speler's calalyst, and karstedf's catalyst Preferably, the
platinum catalyst is speler's or karstedt's catalyst, more preferably speier's catalyst.

in some embodiments, the mixture of polyalkylsiloxanes is obtained in a hydrosilylation reaction
wherein the reaction mixture 1s kept at temperature in the range of from 80 & 180 °C, preferably for
a time sufficient fo yield a mixture of polyalkylsiloxanes that contains not more than 10 mol% Si-H
bonds. Preferably, the reaction is carded out for a time sufficiant fo yield a mixture of
polyalkyisiloxanes containing not more than 10, 8, 8, 7. 6, § 4, 3, 2 or 1 mol% Si-H bonds.
Praferably, the reaction is carried out for a time sufficient to yield a mixture of polyalkyisiioxanes

containing not more than 8 me!% Si-H bonds.

In cerfain embodiments, the mixiure of polyalkylsiloxanes is obtained in a hydrosilylation reaction
wherein the weight fraction of an inert liquid vehicls that acts as a solvent for the amount of the one
or more polvalkythydrosiloxanes and/or the mixdure of monounsaturated olefins may ba lass than
20 wt =%, preferably less than 10 wi-%, more preferably less than 1 wi-%. Sultable inert liguid
vehicles may be selected from, but not limited 1o, aprofic solvents, such as toluene of
tetrahvdrofurane. The reaction is preferebly carried without any such inert liguid vehicle. Any
residual solvent is preferably removed after completion of the reaction. The catalyst may be
removed from the reaction mixture by methods known in the art

in further embodiments, the mixture comprisas polyalkyisifoxanes wherein the ratio of R? falling
within the scope of linear or branched alkyl groups having 16 to 30 carbon atoms and linear or
branched atky! groups having 40 to 80 carbon atoms s in the range of ffom 2 1 310 3 . 2. This
means that the polyalkylsiloxanes comprise repeating units wherein some substituents R® fall within
the scope of linear or branched alkyl groups with 40 to 80 carbon atoms and other substituents R?
falling within the scope of inear or branched alky! groups with 16 to 30 carbon atoms,

In another aspect, the present invention ralates to a polyalkyisiioxane comprising repeating units

according to genetal structure (i)
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wherein n indicates the number of repeating units comprised in the polyalkylsifoxane, wherein n is

an integer of 5 to 10,000 and residue R! is selected from the group consisting of linear or branched

atkyl groups with less than & carbon atams,

wherein

a) in 1-20 % of the repeating units R? is selected from the group consisting of linear or
branched alkyl groups with 40 to 60 carbon atoms,

b} in 1-20 % of the repeating units R? is selected from the group consisting of linear or
branched alkyl groups with 16 to 30 carbon atoms, and

c) in 60-98 % of the repeating units R2 is selected from the group consisting of linear or
branched alkyl groups with 6 to 15 carbon atoms,

d} in 0-10 %, preferably less than 10 %, of the repeating units R2 is H.

in these embodiments, the percentages of the repeating units as defined in a)-d) add up to 100 %.
The percentages given ralate to the total number of repeating units in the polvalkyisiloxane.

RZ of group a) s selected from the group consisting of linear or branched alkyl groups with 40 to 60
carhon atoms. in 1-20% of the repeating units R? is chosen from group aj.

RZ of group b) Is selected from the group consisting of linear or branched alkyl groups with 16 to 30
carbon atoms. in 1-20% of the repeating units R? is chosen from group b).

RZ of group ¢ is selected from the group consisting of linear or branched alkyl groups with 6 to 18
carhon atoms. in 60-98% of the repeating units R is chosen front group ¢}

RZ of group d) is H. In 0-10%, preferably less than 10 %, of the repesting units R? is chosen from
group d).

R! of gensral structure (1) is defined identical to R in general structure (1}

in certain embodiments, the polyalkyisiloxane bas a kinematic viscosity of 200 to 20000 mPas at
25 °C, preferably of 200 fo 7000 mPa's at 25 °C.
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The term “kinematic viscnsity” refers to a viscosity which is determined by measuring the dynamic
viscosity M, and dividing the dynamic viscosity y by the density of the fluld p. Methods for
determining the dynamic viscosity are welt known in the art

in further embodiments, the polyaikylsifoxane is defined as above, wherein for fraction ¢} R® is
selected from the group consisting of linear or branched alkyl groups with 10 to 14 carbon atoms.
ln certain embodiments, Rz of fraction ¢} is selected from the group consisting of hexyl, hepiyl, octyl
nonyl; decly, undecyl, and dodecyl Preferably, R of fraction ¢) is dodecyl

In some embodiments, repeating units aocording to fraction a), i.e. having an R® that is a linear or
branched alkyt group with 40 to 80 carbon atoms, make up 2-10%, preferably about 5 % of the total
repeating units in the polyalkyisiioxane. |

In various embodiments, repeating units with R? falling within the scope of fraction b} make up 2-
15 %, preferably about § % of the fotal repeating units in the polyalkylsitoxane.

in certain embodiments, repeating units with R& falling within the scope of fraction ¢} make up 60-
98 % or 75-96 %, preferably 80-90 % or 76-80% of the total repeating units in the polyalkyisiioxane.

I some embodiments, the molar ratic of fraction a} to fraction b} is in the range of from 2:3 1o 3.2

According to some embodiments, substituent R! of each repeating unit according to general
structure (If) is @ methyl group. In further embodiments, in at least 80 % of the repeating units
according to general structure (1) R! is a methyl group. In certain embodiments, in at least 80, 90,
95, 875,89, 0or 99.5 % of the repeating units according o general structure {1} R is a methyl

group.

Preferably, the polyalkylsiloxane of the present invention is an oll. In that case the polyalkylsiloxane

can be used as die casfing lubricant without further additives.

As mentioned above, the modified polysiloxane may be included in & water-based emulsion In

combination with a suilable swfactant and water.

In certain embodiments, the water-based emulsion ctinprises a sutfactant mixture. The surfactant
mixiure comprises emuisifying agents which are able to form stable emulsions with the modified
polysifoxanes, In cerfain embaodiments, the surfactant mixture may be a mixdure of ethoxylated oxo-

ailcohols.

The term "ethoxylation” refers to the addition of ethylene oxide to alcohols to give a surfactant.
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The term “oxo alcohols” means alcohols that are prepared by adding carbon monoxide (CO) and
hydrogen to an olefin to obtain an aldehyde using the hydroformylation reaction and then
hydrogenating the aldebyde to obtain the alcohol.

The term "sthoxylated oxo-alcohols” refates to oxo-alcohols which have undergone sthoxylation,

For example, a surfactant for use in the water-based emulsion may be a mixture of polysorbate 85

and sthoxylated (6-8) fridecyl alcohol

In some embodiments, the sthoxylated oxo-alcohols are used in the water-based smulsion at
weight ratios of 1:4 to 110 with respect to the mortiified polysiloxane. Additionally, other surfactants,

either anionic, nonionic andfor cationic may he used in the water-based emulsion.

Accordingly, the present invention also relates to a water-based composition suitable for use in
metal casting processes as a mold release agent comprising @) 1-80 wi-% of a mixture of
polyalkylsiloxanes or polyalkylsiloxane as defined herein, b} 1-15 wt-% of a non-ionic sutfactant
having a HLB value of at lsast 8, and ¢ less than 20 wi-%, preferably less than 10 wi-% of waxes.

in various embodiments, the mold release agent preferably comprises less than 1 wl-%, muore
preferably less than 0.1 wt -%, aspecially preferred less than 0.01 wi-% of waxes.

int certain embodiments, the content of modified polysiloxane in the aqueous emuision is 1- 50 wt.-
%. preferably 5-50 wt <%, more preferably 5-30 wit.-%.

Furtherniore, the content of surfactant in the agueous smulsion may be 1-15%, preferably 5-15 wt.-
% more preferably 510 wt-%.

The term ‘wax’ of ‘waxes” as used herein relates o a class of organic chemical compounds that
are insoluble in water and are plastic (malleable) at 20 °C and melt above 45 °C fo give a low
viscosity liquid. Waxes are insoluble in water but soluble in organic, nonpolar solvents. All waxes

are organic compounds, both synthetic and naturally ooeurring.

The term “plastic’, as used In connection with wax, relates fo its deformation when undergoing non-
reversible changes of shape in response to applied forces. The ferm "mallegble” refers to the ability
of wax to deform under compressive stress. Examples of waxes being used in prior art mold-
release compositions are polysthylenes and polypropylenes that may be moditied. The term
‘modified” in connection with polyethylenes and polypropylenes means esterified or saponified

polyethylenes and polypropylenes.
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Also, other components may be incorporated in the die casting release agent, e.g., corrosion

inhiblors, antimicrobials; and emuisions of various natural or synthetic oils.

Preferably, the water-based composition according fo the present invention is an oil-in-water

smulsion.

Also encompassed by the present invention is the preparation of the die casting release agent of

the present invention.

The release agent may be prepared by combining the modified polysiloxane, the emuisifier, and
water using an appropriate emulsifying apparatus o produce a stable oil In water emulsion fallowed

by addition of water and oplional other constifuents,

Generally, application of the die casting release agent is preferably done by spray coaling.
Typically, the die casting release agent is employed in a dilution. In certain embodiments, the die
casting release agent is employed in 3 1-200 fold dilution, prefarably 1-100 difution, 1-50 dilution, or
1-20 dijution.

These water-based compuositions are advantageous, because thay have wax-like or even improved
lubricating properties while being devaid of or almost devaid of wax. As waxes are absent or almost
absent, the compositions do not have the iypical disadvartages connected with wax-based
lubricants, e.g., the need of regular extensive cleaning of the spray equipment, Le. spry nozzles.
Also, occurrence of residual wax sticking to the mold is avoided and the thereto connected need of
reqular cleaning of the melds with concomitent downtime of the casting eguipment. Moreover,
excessive cleaning of the castings in order to achieve satisfactory painting or plating thereof is

avoided,

in some embodiments, the water-based composition comprises non-lonic surfactants being a

mixture of polysorbate 85 and ethoxylated (6-8) tridecy! afcohol.

in various embodiments, the water-based composition is an oikin-water emulsion.

In cerfain embodiments, the waxes are polyethylenes andfot polypropylenes which are ejther
madified or not and are insoluble in water and are plastic (malleable) at 20 °C and malt above

45 °C.

in a further aspect, the present invention relates to the use of polyalkylsiloxanes as a mold release
agent in a metal casting process, wherein ) the polyalkylsiloxanes are a mixiure of
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polyalkylsifoxanes as defined herein, 1) the polvalkylsiloxanes are polyalkylsiloxanes as detined
herein, or i) the polyalkylsiloxanes comprise a repeating unif according to the following general

structure (i)

—

(11D

L)

R2
L 4 n

wherain n indicates the number of repeating unifs being in a range of from 5 to 10,000, whersin for
each repeating unit the residue R! fs independently selected from linear alkyl groups with less than
6 carbon atoms: and wherein for each repeating unit the residue R2 s independently selected from
hydrogen or linear or branched alkyl groups having 6 to 15 carbon atoms, 18 to 30 carbon atoms or
40 to 60 carbon atoms, whiie the fraction of repeating units with a residue R? being hydrogen is
less than 0.1, being a linear or branched alkyl group having 16 to 30 is In a range of from 0.01-0.2,
being a linear or branched alkyl group having 40 to 60 carbon atoms is in a range of from 0.01-0.2,
and being a finear or branched alkyl group having 8 to 15 carbon gtoms Is in a range of from 0.6
Q.28

R is defined as for general structure (1) and (1), R? may be defined as for the polyalkylsifoxanes of

the invention described above.

In some embodiments, R2 may be selected from the group consisting of inear or pranched alkyl
aroups with 10 fo 14 carbon atoms. In certain embodiments, Re is selected from the group
cansisting of hexyl, heptyl, cetyl, nonyl, decyl, undecyl, and dodecyl. Preferably, Rz is dodecyl.

According to some embodiments, residue R? of each repeating unit according to general structire
{if) is & methyl group. In further embodiments, residue R! of at least 80 % of the repeating units
according to general structure (11} Is & methyl group. In certain embodiments, residug R! of at least
80, 90, 95, 97,5, 99, or 99,5 % of the repeating units according to general structure () is a methyl
group.

in certain embodiments, the use of polyalkylsiloxanes as a mold release agent in a metal casting
process concerns polyalkylsiloxanes as defined above, wherein the fraction of repeating units
according to the general structure (11} with R2 being a finear or branched alky! group having 16 to
30 carbon atoms is at least 0.02, preferably at least 0.0§, but preferably not higher than 0.15, the
fraction of repeating units according to tha general structure (i) with the R? being a linear or
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hranched alkyl group having 40 to 60 carbon atoms is at least 0.02, preferably at least 0.05, but
preferably not higher than (.10; and/ or the fraction of repeating units according fo the genersl
structure {1 with the residue R2 being a linear or branched alkyl group having 6 fo 15 carbon
atoms is not higher than 0,96, preferably not higher than 0.90, but preferaiily at least 0.75.

in some embodiments, repeating unifs with R? faliing within the scope of linear or branched alkyl
groups with 40 to 80 carbon atoms have a fraction of 0.02-0.10, preferably about 0.05.

In various embodiments, repeating unifs with R? falling within the scope of linear or branched atkyl
groups with 16 to 30 carbon atoms have a fraction of 0.02-0.15, preferably about 0.05.

In certain embodiments, repeating units with R? falling within the scope of linear or branched atkyl
groups with 6 to 15 carbon have a fraction of 0.60-0.96 or 0.75-0.96, preferably 0.80-0.90 or 0.75-
Q.90

in various embodiments, the use of polyalkylsiloxanes ax a mold release agent in a metal casting
process concerns polyalkylsiloxanes as defined above, wherein the molar ratic of repeating units
according to the general structure (Il with the residue R2 being a linear or branched alkyl group
having 16 ta 30 carbon atoms to those resldues R® being a linear or branched alky! group having
40 to B0 carbon atoms (s in the range of from 2.3 0 32,

in some ambodiments, the use of polyalkyisiloxanes as a mold release agent in a meial casting
procass concerns polyalkylsiloxanes as defined above, wherein the residue R' of sach repeasting
unit according to general structure (1) is a methyl group; and the polyalkylsiloxane has a kKinematic
viscosity of 200 to 20000 mPa-s at 25 °C, preferably of 200 to 7000 mPa-s at 25 °C.

Furthermore, the polyalkylsiloxanes for use according to the present invention are preferably an oil.

The tarm “about’, as used herein in relation to numerical values, means plus or minug 10% of the
numerical value it refers to. Consequently, “about 50%" means in the range of 456% fo 55%.

By “consisting of' is meant including, and limited to, whatever follows the phrase "cansisting of'.
Thus, the phrase "consisting of” indicates that the listed elements are required of mandatory, and

that ne other elements may be present.

By "comprising” i is meant including, but not limited to, whatever follows the word "comprising”.
Thus, use of the term "comprising” indicates that the listed elements are required or mandatory, but

that ather elements are optional and may or may not be present.
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The inventions iltustratively desoribed herein may suitably be practiced in the absence of any
elemant or slements, limitation or limitations, not specifically disclosed herein. Thus, for example,
the terms "comprising”, "including”, "containing®, etc. shall be read expansively and without
limitation. Additionally, the ferms and expressions employed herein have been used as terms of
description and not of limitation, and there is no intention in the use of such terms and expressions
of excluding any equivalents of the features shown and described or portions thereof, but # is
recognizad that various modifications are possible within the scope of the invention claimed. Thus,
it should be undersiood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the inventions
embodied therein herein disclosed may be resorted fo by those skilled in the art, and that such

modifications and variations are considered to be within the scope of this invention.

The invention has been described broadly and generically herein. Each of the narmower species

and subgeneric groupings falling within the generic disclosure also form part of the invention.

Other embodiments are within the following olaims and nonimiting examples: All documents cited

harein, are hereby incorporated by reference in thelr enlirety.



Examples

Example {:

Preparation of modified polysitoxane

To a mixture of polymethylhydrosiioxane with the average formula
(CHa)aSIO(CH:HSIQ)sSICHa)s (40 g, 602.5 mmol free Si-H), 1-dodecene (4.76 g, 283
mmol} and a-olefin with the average formula CHs(CH2)oCH=CH: (16.32 g, 27.1 mmol,
AlphaPlus C30+HA) was added 4 ppm of a H2PiGl solution in isopropancl (73 pt, 17.1
mg/ml). The mixture was heated to 80 °C resulting in an exotherm heating the mixture to
140 °C. A mixture of 1-dodecene (7464 g, 4434 mmol} and c-olefin with the average
formuls CHa(CHa)sCH=CH: (1217 g, 434 mmol) was added at such a rate to keep the
temperature at 140-150 °C. After complete addition, the mixture was heated at 180 °C for 2
hours: FTIR analysis showed 5.0% remaining Si-H groups. The viscosity of the product was

5300 mPa-s.

Preparation of die casting release agent

The abovementioned madified polymethyisiloxane {30.5 g) was addad to an emuisifier mixture
{14.3 g). Under vigoraus stirring, water was added to create the inversion point (7.0 g). Additional
modified polymethyisiloxane (50.1 g) was added slowly under vigorous stirring. After 10 minutes
water {89.1 g) was added slowly followed by addition of Acticide MV14. {Thor Chemie, (.02 g). 76
gram of this emulsion was added to a mixture of Mayco base RP8765 (Dover Chemical Corporatin,
2.6 g) and water (120.5 gram). To this mixture was added 8AG 10E (Momentive, 0.1 gram)} and
Acticide MBS (Thor Chemie 0.8 g).

Pressure die casting tests

The pressure die casting emulsion was tested against the wax-containing lubricant Deftacast CP-
579 (23% solids, 0.8% dilution in water) which gives fubricant build-up during its use. The new
fubricant (17% solids, 1.0% dilution In water) gave good release and afforded good clean castings
without observable fubricant build-up on the die or spray nozzles.

Example 2

Preparation of modified polysiloxane

Preparation simifar to Example 1 with a mixture of polymethylhydrosiloxane with the average
formula (CHa)SIO(CHaHSION:SHCHa)s (40 g, 802.5 mmo! free Si-H), 1-dadecena (485 g, 27.7
mniol) and e-olefin with the average formula CHs(CHzeCH=CH; (19.59 g, 32,5 mmol). Addition of
a mbture of 1-dodecene (7203 g 4333 mmol) and o-olefin with the average formula
CHa(CH2)1eCH=CHz (13.69 g, 48.8 mmol). FTIR analysis showed 4.7% remaining Si-H groups.
The viscosity of the product was 14000 mPa's.
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Praparation of die casting release agent was performed similar to Example 1.

Example 3.

Breparation of modified polysiloxane

Preparation similar to Example 1 with a mixture of polymethylhydrosiloxane with the average
formula (CHa):SIO(CHsHSIO S CH3)e (80 g, 903.8 mmol free Si-H), 1-dodecene (10.27 g, 61.0
mmal), a-olefin with the average formula CHs(CH:}1eGHCH: (3.76 g, 12.2 mmol) and a-olefin with
the average formula CHalCH2)wCH=CH; (3.42 g, 8.1 mmol). Addition of a mixture of 1-dodecene
{(92.4 g, 549.0 mmol), w-olefin with the average formula CHa(CHzheCHCH: (33.88 g, 108.8 mmol)
and o-olefin with the average formula CHa(CHg)wCH=CHz (342 g, 8.1 mmal). FTIR analysis
showed 5.5% remaining Si-H groups. The viscosity of the product was 8100 mPas.

Praparation of die casting release agent was performed similar to Example 1,
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A mixture of polyalkylsiloxanes obtainable through a hydrosilylation reaction wherein a

mitxture of monounsaturated olefins consisting of

a) 1-20 mol % of olefins with 40 1o 60 carbon atoms,
By 1-20 mol % of olefins with 16 to 30 carbon atoms, and
c) 60-98 mol % of olefins with 610 15 carbon atoms

is reacted with an amount of one or more polyalkylhydrosiioxanes in the presence of a
hydrasilylation catalyst while egeh polyalkylhydrosiloxana comprises a repeating unit

according fo the general structure (1)

o i

@

P s T e 8
©)

g 4n
with n indicating the number of repeating units being in g range of from 5 to 10,000,
with the residue R' being selected from linear or branched alkyl groups with less than 8

carbon atorms.

Mixture of polyalkylsfioxanes according to claim 1, obiained in a hydrosiiylation
reaction being condusted with an amount of polyalkylhydrosfioxanes that equals at
jeast 60 %, preferably at least 80 % of the stoichiometric amount, but preferably eguals

not more than the stoichiomelric amount,

Mixture of polyalkylsifoxanss according to one or both of the preceding claims,
obtained in & hydrosilylation reaction being conducted with polyalkylhydrosiloxanes

that are at least partially selected from polymethylhydrosiloxanes, and preferably with

polyalkylhydrosiloxanes whersin at least 80 moi% of the repeating units according to
the general structure (1) have a residue R* being a methyl group.

Mixture of polyaltkyisiloxanes according to ona or both of the preceding claims,
obtainad in a hydrosilylation reaction wherain at least 80 moi% of the

monounsaturated olefins are selected from a-olefins.

Mixture of polyalkyisitoxanes according to one or mors of the preceding claims,
obtained in a hydrosilyiation reaction wherein the hydrosilylation catalyst is a platinum
catalyst, preferably speler's or karstedt's catalyst, more praferably speifer’s catalyst.
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Mixture of polvalkylsiloxanes according to one or mare of the precaeding claims,
obiained in a hydrosilylation reaction wherein the reaction mixiure is kept at
temperature in the range of from 80 o 180 °C, preferably for a time sufficient to yield a
mixture of polyalkylsiloxanes that contains not more than 10 mol% Si-H bonds.

Mixture of polyalkyisiloxanes according to one or more of the preceding claims,
obtained in a hydrosiiylation reaction whersin
i) the weight fraction of an inert liquid vehicle that acts as a solvent for the amount
of the one or more polvalkyihydrosiioxanes andfor the mixture of
monounsaturated olefing is less than 20 wt -%, preferably less than 10 wi-%,
nore preferably less than 1 wt-%; andfor
iy the mixture of polyalkylsiloxanss is an oil.

A polyalkylstioxans comprising repeating units according to gensral structure (1)

Rt

G e (3 ()

B2
& 4R

wherein n indicates the number of repeating unifs comprised in the polyalkylsiioxane,

whereih n is an integer of 5 to 10,000 and residue R! is selected from the group consisting

of finear or branched alkyl groups with less than 6 carbon atoms,

whergin

a) in 120 % of the repeating units R® is selected from the group consisting of linear or
branched alkyl groups with 40 to 80 carbon atoms,

b in 1-20 % of the repeating units R? 5 sefected from the group consisting of linear or
branched alky! groups with 16 to 30 carbon aloms, and

<) in 60-98 % of the repeating units R? is selected from the group consisting of linear
or branched alicyl groups with 8 to 15 carbon atoms,

d} in 0-10 % of the repeating units, preferably less than 10 %, R2is H.

The polyalkylsiloxane according to claim 8, wherein

i in the repeating units 2) R? is selected from the group consisting of linear or
pranched atkyl groups with 10 to 14 carbon atoms,

i) in 2-10%, preferably about 5 %, of the repeating units R? is selected from the
group consisting of linear or branched alkyl groups with 40 to 60 carbon atoms;
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i in 2-18 %, preferably about § %, of the repeating units R is selectad from the
group consisting of linear or branched allsyl groups with 18 to 30 carbon atoms,
) it 60-98 % or 75:96 %, preferably 80-90 % or 75-80%. of the repeating uniis R is.

selected from the group consisting of linesr or branched alky! groups with 6 10 15

carbon atoms

) the ratio of the repeating units according fo aj to the repeating units according o
Disintherangeoifrom2: 3163 . 2;

vi) the polyalkylsifoxane is an oll; and/or :

vii) R of each repesting unit according to general structure i) is @ methyl group.

Water-based composition suitable for use in metal casting processes as a mold

release agent comprising

aj 1-50 wt-% of a mixhure of polvatkyisifoxanes according to any one of the claims
Tto 7 orofat-least one polyalkylsiloxans according to any one-of the claims 8

or g,
b} 1-15 wi-% of a non-lonic surfactant having g HLB value of at least 8, and
o) lesg than 20 wt-%, preferably less than 10 wi-%, more preferably less than

Twi-%, even more preferably less than 0.1 wt-% of waxes.

Use of polyalkylsilioxanss as a mold release agent in a metal casting process,

wherein
i} the polyalkylsiloxanes are a mixture of polvaikylsiloxanes as defined in
any one of the claims o 7,
iy the polyalkylsiloxanes are polyalkylsiloxanes as defined inclaim 8 or 8, or
iit) the polyalkylsitoxanes compiise a repeating upit according 1o the
following general structure (U
R
Si——0 (11D
R2
L. 40

wherein n indicates the number of repaating units being in arange of from 5 0
10,000,
wherein for each repeating unit the residue R is independently selected from

finear alkyl groups with less than & carbon atoms,; and
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wherein for each repeating unit the residue R? is independently selected from
hydrogen or linear or branched alkyl groups having 6 to 18 carbon atoms, 16 to 30
carbon atoms or 40 to 80 carbon atoms, while the fraction of repeating units with a
residue R? being hydrogen is less than 0.1, being a linear or branched alkyl group
having 16 to 30 is in a range of from 0.01-0.2, being a linear or branched alkyl
group having 40 to 80 carbon atoms is in a range of from 0.01-0.2, and being &
linear or branched atkyl group having 6 o 15 carbon atoms is in a range of from
0.8-0.98.

Use according to claim 11, option i), wherein

aj the fraction of repeating units according to the general structure (1) with R® being
a lingar or branched alky! group having 186 to 30 carbon aloms is at least 0.02,
preferably at least 0.05, but preferably not higher than 0.15;

bl the fraction of repeating units according to the general structure (1) with the R?
being a linear or branched alkyl group having 40 to 80 carbon atoms Is at least
0.02, preferably at least 0.05, but praferably not higher than 0.18; andfor

c} the fraction of repeating units according to the general structure (i) with the
residue R? being a linear or branched alky! group having 6 to 15 carbon atoms is
not higher than 0.96, preferably not higher than 0.80, but preferably least 0.75,

Use according to claim 11 option iif} or according to claim 12, whersin the ratio of
repeating units according to the general structure (i) with the residue R? being a
linear or branched alkyl group having 16 to 30 carbon atoms to those residues R?
being a finear or branched alky! group having 40 to 60 carbon atoms is in the range of
from2:3t03.2

Use according to claim 11, option #if) or according o claims 12-13, wherein

3] the residue R! of each repeating unit according to genaral structure {Ill) is a methy]
group;
it} the polyalkylsiloxane has a kinematic viscosity of 200 to 20000 mPass at 25 °C,

preferably of 200 to 7000 mPa's at 26 °C; andior
i) the polyalkyisiloxanes are an oil.
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