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Spray-dried soft-phase emulsion polymer for filling the gussets in bead polymer layers in a

binder jetting method

Field of the invention

The present invention relates to the technical field of 3D printing, especially in the form of the
binder jetting method, in which particulate material in a powder bed is bonded by means of a
printed adhesive to form a three-dimensional object. The particulate materials may be inorganic
materials, for example sand or a metal powder, or particulate polymeric materials, for example
polymethacrylates or polyamides. For this purpose, polymethacrylates may take the form, for
example, of suspension polymers, called bead polymers.

The present invention especially relates to mixtures of emulsion and suspension polymers as
powder for 3D printing, which differ from the prior art in that the emulsion polymers have been
spray-dried or precipitated in the presence of a suspension polymer. This gives rise to powders
having a bulk density higher than in the case of pure suspension polymers. In this way, the
advantages of rapid dissolution on contact with the printed binder and a resultant increase in
viscosity or a greater amount of binder applicable within a shorter time are combined with the
advantages of higher bulk density and hence a smaller volume of binder that has to be used. A

great advantage of this procedure is additionally that a product with less warpage is formed.

Prior art

Binder jetting is an additive production process which is also known by the term "3D inkjet powder
printing", which gives a good description of the method. This method involves applying a liquid
binder, for example by means of a standard inkjet printhead, to a powder layer and hence
selectively bonding a portion of this powder layer together. The application of new powder layers
which alternates with this application ultimately results in formation of a three-dimensional product.
In binder jetting, it is possible to use various materials as binders and as powder material. Suitable
powder materials are, for example, polymer particles, sand, ceramic particles or metal powders
each having a diameter between 10 and a few hundred um. In the case of use of sand, there is
usually no need for reprocessing of the finished article. In the case of other materials, for example
the polymer powders including PMMA, subsequent curing, sintering and/or infiltration of the article
may be necessary. However, such subsequent processing is actually undesirable since it is time-
consuming and/or costly and, because of shrinkage that often occurs, can lead to an adverse effect

on dimensional stability.

The binder is generally applied in an analogous manner to conventional two-dimensional paper
printing. Examples of binder systems are liquid vinylic monomers which are cured by means of

peroxides present in the powder material. Alternatively or additionally, the powder material
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comprises a catalyst which accelerates curing or actually enables it at the ambient temperature.
Examples of such a catalyst for acrylate resins or monomers with peroxides as initiator are amines,

especially tertiary amines.

Binder jetting has great advantages over other 3D printing methods such as FDM or SLS, which
are based on melting or welding of the material that forms the product. For instance, this method
has the best suitability among all known methods for directly realizing coloured objects without
subsequent colouring. This method is also especially suitable for producing particularly large
articles. For instance, products up to the size of a room have been described. Moreover, other
methods are also very time-consuming in terms of the overall printing operation up to the finished
object. Apart from any necessary reprocessing, binder jetting can even be considered to be
particularly time-efficient compared to the other methods.

Furthermore, binder jetting has the great advantage over other methods that it is effected without
supply of heat. In the case of methods effected by means of melting or welding, this
inhomogeneous introduction of heat gives rise to stresses in the product, which usually have to be
dissipated again in subsequent steps such as a thermal after treatment, which means further

expenditure of time and costs.

A disadvantage of binder jetting is the method-related porosity of the product. For instance, for
objects printed by means of binder jetting, only tensile strengths about 20 times smaller than the
injection mouldings made from a comparable material are achieved. Because of this disadvantage,
the binder jetting method has to date been used predominantly for production of decorative pieces
or for casting sand moulds. The porosity arises particularly from the fact that only some of the
cavities between the particles are filled by the binder in known printing methods. This is an
inevitable result of the low viscosity of the liquid binders applied by printing. Should more be
applied, this runs into neighbouring particles or cavities between the particles (called gaps) directly
before and also during the commencement of curing. This in turn leads to an imprecise, non-clean

impression of the print, or to a low surface accuracy in the finished article.

J. Presser, in his thesis "Neue Komponenten firr das generative Fertigungsverfahren des 3D-
Drucks" [New Components for the Additive Manufacturing Method of 3D Printing] (TU Darmstadt,
2012), describes the use of precipitated emulsion polymers in powder form for the binder jetting
method. For this purpose, these emulsion polymers partly fill the interstices between the actual
particles and hence lead to a reduction in porosity. However, processing via coagulation, drying
and sieving leads to non-round secondary particles of irregular size distribution. Moreover, it has
been found that the emulsion polymers used in this way barely increase the bulk density and do not

have any significant effect in relation to the stability of the printed object.
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Problem

The problem underlying the present invention was that of accelerating the binder jetting method by
making it possible to print polymer particles without any need for time-consuming reprocessing of

the product.

A further problem addressed was that of improving the mechanical stability of products of a binder
jetting method, especially those based on a polymer powder, especially a PMMA powder, such that

they can be used as functional components.

More particularly, a problem addressed in this connection was that of realizing mouldings having at
least 50% of the tensile strength of an analogous injection moulding. "Analogous" in this case
means, for example, that an injection-moulded PMMA moulding is compared with a binder jetting

product based on a PMMA powder.

Further problems which are not stated explicitly may become apparent from the description, the

examples or the claims of the present application, or from the overall context thereof.

Solution

These problems have surprisingly been solved by means of a novel method of producing three-
dimensional objects from a powder bed by means of a binder jetting method. In this method, a
three-dimensional object is formed by multiple repetition of method steps a) and b). Method step a)
comprises the application of a powder layer on the surface. According to the invention, the powder
bed comprises at least two different kinds of particulate material. The first particulate material,
which is generally a particulate polymer material, has a median diameter between 10 and 500 ym,
whereas the second particulate material is characterized in that it comprises coagulated emulsion
polymers having a median secondary diameter between 0.5 um and 80 ym. Method step b)
involves, in alternation with method step a), subsequently, the selective application of a binder and
the subsequent or simultaneous thickening of this binder in the powder bed by swelling of the

powder and/or curing.

Preference is given to a variant of this method in which the coagulated emulsion polymers are the
spray-dried product of an emulsion polymerization. These emulsion polymers especially have a
median primary diameter between 100 and 800 nm. It is further preferable that the spray-dried and
coagulated emulsion polymers are mixed with the first particles.

Preferably, the secondary diameter of the coagulated emulsion polymers has a median diameter
between 20 and 80 um.

Spray-drying of an emulsion polymer leads to agglomerates. In the case of commixing with PMMA

suspension particles, an increase in the bulk density has now surprisingly been observed. This can
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be explained by the observation in some cases that a relevant portion of the emulsion polymer is

present in the gaps in the packing of the suspension particles.

As an alternative to spray-dried coagulated emulsion polymers, it is also possible to use freeze-

dried coagulated emulsion polymers.

As an alternative to the emulsion polymers spray-dried and coagulated by freeze drying,
preference is given to a third process variant in which the coagulated emulsion polymers are
particles in wholly or partly coagulated form on the surface of the first particles. Such particles are
achieved, for example, by precipitation of the emulsion from the polymerization after addition of the
first particulate material to this emulsion and subsequent filtration and drying of the particle
combination thus precipitated. More preferably, the precipitation is promoted by addition of suitable
coagulating aids and/or by a change in the pH of the emulsion.

Preferably, the secondary diameter of the coagulated emulsion polymers has a median diameter
between 1 and 5 um.

In the case of precipitation of an emulsion polymer in the presence of a suspension polymer, the
former coagulates preferentially on the surface of the suspension polymer. The result of this is
surprisingly not smaller bulk densities but comparable or even higher bulk densities than in the
case of the pure suspension polymers.

It has additionally been found that, surprisingly, even in the case of comparable bulk density of the
powder beds used in the process according to the invention to give pure suspension polymers,
after irrigation with the binder, test specimens having relatively low porosity and relatively high
mechanical stability are obtained. This is explained by an increase in the powder surface area and
has the effect that more binder can be applied to a powder layer before it also flows undesirably

into underlying layers of the powder bed.

Further preferably, in the method, the first particulate material comprises a particulate polymer
material comprising an initiator suitable for curing the binder or a catalyst or accelerator that
accelerates the curing. The initiators mentioned may, for example, be peroxides or azo initiators
that are common knowledge to the person skilled in the art. The accelerators are, for example,
compounds which, in combination with an initiator which in turn has a relatively high breakdown
temperature on its own, lower the breakdown temperature of this initiator. This enables
commencement of curing even at ambient temperature in the printer or in a thermal treatment step
up to 50°C. In the case of an initiator with a high breakdown temperature, suitable examples for this
purpose would be secondary or tertiary, usually aromatic amines. Said catalysts can have a
corresponding or similar activating effect. However, the exact composition of the initiator system
can generally be chosen by the person skilled in the art in a simple manner.

More preferably, the first particles, i.e. the polymer particles, are PMMA suspension polymers
having a median diameter between 25 and 150 um, preferably between 30 and 120 ym and more

preferably between 35 and 100 um.
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Alternatively, additionally or complementarily thereto, the second particulate material may comprise
an initiator suitable for curing of the binder or a catalyst or accelerator that accelerates the curing.
Additionally in this case means that the compound may be the same compound as or a similar
compound to that in the first particles, for example another initiator. Complementarily in turn
means, for example, that the first particulate material comprises an initiator and the second
particulate material an accelerator which only come into contact through the respective swelling

with the binder and as a result only then start a curing reaction.

The second particles in the method according to the invention are preferably acrylate-based
emulsion polymers having a glass transition temperature at least 20°C and preferably at least 40°C
below the glass transition temperature of the first particulate material. All glass transition
temperatures are determined by means of DSC. In this regard, the person skilled in the art is aware
that DSC is only sufficiently conclusive when, after a first heating cycle up to a temperature which
is a minimum of 25°C above the highest glass transition or melting temperature but at least 20°C
below the lowermost breakdown temperature of a material, the material sample is kept at this
temperature for at least 2 min. Thereafter, the sample is cooled back down to a temperature at
least 20°C below the lowermost glass transition or melting temperature to be determined, where
the cooling rate should be not more than 20°C/min, preferably not more than 10°C/min. After a
further wait time of a few minutes, the actual measurement is effected, in which the sample is
heated at a heating rate of generally 10°C/min or less up to at least 20°C above the highest melting
or glass transition temperature. The respective highest and lowest temperature limits can be

roughly predetermined in simple preliminary measurements with a separate sample.

Irrespective of the embodiment, the weight ratio of emulsion polymer to suspension polymer is

preferably between 0.1:9.9 and 2:8, preferably between 0.2:9.8 and 1:9.

This method according to the invention, in which mixtures of emulsion and suspension polymers
are used as powder for 3D printing, gives rise to powders having a bulk density comparable to
suspension polymers. It is even possible in accordance with the invention to achieve higher bulk
densities than would be known from the prior art. Compared to simple mixtures of suspension and
emulsion polymers, processing in the form of spray-dried emulsion polymers or by precipitation
thereof in the presence of a suspension polymer can surprisingly additionally increase the bulk
densities. This achieves further advantages over the prior art for the binder jetting 3D printing
method, which lie, for example, in faster dissolution of the first particulate material and/or of the
second particulate material on contact with the printed binder. This gives rise, for example, to a
faster increase in viscosity, and it is possible to apply more binder within a shorter time and overall.
In this way, for example, a printed image of better overall resolution with a better appearance of the

surface is achievable.
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Furthermore, the method according to the invention gives rise to the further advantages of a higher
bulk density overall and hence a smaller volume which has to be filled with a binder, which in turn

leads to reduced warpage in the printed object.

Furthermore, better filling of the now smaller cavities, i.e. of the gaps, between the polymer
particles in the powder bed gives rise to better mechanical stability of the printed object. It is

particularly advantageous, furthermore, that these advantages all occur in combination.

It is further advantageous that both processing methods are implementable on the industrial scale.

An alternative method, but one which is not in accordance with the invention, in which suspension
polymers are mixed with simple non-coagulated emulsion polymers results in a low bulk density
compared to the present two variants of a method according to the invention, which is
disadvantageous for the printing process. For instance, printing in such a powder bed leads to
products having more significant warpage, higher porosity and lower mechanical stability. By
blending, for example, with PMMA suspension particles having a median diameter of about 60 pym,
it was possible to slightly increase the bulk density, but it was still below that of the pure
suspension polymer. A further disadvantage of such a method is additionally that the processing of

the non-coagulated emulsion polymer is very complex.

A couple of implementation options for the present invention are elucidated by way of example
hereinafter, but they should not be regarded as a limitation of the method according to the
invention. These are merely examples which, as well as many other alternative configuration

options, enable effective execution of the method according to the invention.

The suspension polymers used are, for example, pulverulent materials produced by free-radical
polymerization in the presence of water and having a volume-average median particle diameter
(d50) between 35 and 100 pm, especially preferably between 30 and 80 ym, most preferably
between 35 and 60 um. Preferably, the suspension polymers are PMMA or MMA copolymers. For
this purpose, the comonomers may be selected, for example, from the group of the acrylates,

methacrylates and styrene.

Emulsion polymers are obtained, for example, from dispersions produced by free-radical
polymerization in the presence of water. The precipitation in the second inventive embodiment of
the present invention is effected, for example, by addition of suitable coagulation aids or by altering
the pH. Preferably, the emulsion polymers are PMMA or MMA copolymers. For this purpose, the
comonomers here too may be selected, for example, from the group of the acrylates,

methacrylates and styrene.


lcc
Rectangle


10

7

It has been found to be particularly useful when the composition of the emulsion particles leads to a
glass transition temperature well below that of the suspension particles, preferably at least 20°C
lower, more preferably at least 40°C lower. This gives rise to particularly rapid dissolution of the
emulsion particles, which leads to a rapid increase in viscosity of the binder, which in turn prevents

flooding of lower-lying powder layers in the powder bed that are not to be printed.

For further illustration of the second embodiment of a precipitation of emulsion polymers in the
presence of a suspension polymer (SP), it should be noted that, for example, a ratio of about 2.5%
by weight of emulsion polymer to about 97.5% by weight of suspension polymer has been found to

be favourable.
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Claims

1.

Method of producing three-dimensional objects from a powder bed by means of a binder
jetting method by multiple repetition of the method steps of a) applying a powder layer on
the surface, where the powder bed includes at least two different kinds of particulate
material, the first particulate material having a median diameter between 10 and 500 pum,
characterized in that the second particulate material comprises coagulated emulsion
polymers having a median secondary diameter between 0.5 pm and 80 ym, and b)
selectively applying a binder and subsequently or simultaneously thickening this binder in

the powder bed by swelling the powder and/or curing.

Method according to Claim 1, characterized in that the coagulated emulsion polymers
comprise the spray-dried product of an emulsion polymerization, in that these emulsion
polymers have a median primary diameter between 100 and 800 nm, and in that the spray-

dried and coagulated emulsion polymers are mixed with the first particles.

Method according to Claim 1, characterized in that the coagulated emulsion polymers
comprise particles which, as a result precipitation of the emulsion from the polymerization
after addition of the first particles to this emulsion and subsequent filtration and drying, are

wholly or partly in coagulated form on the surface of the first particules.

Method according to Claim 1, characterized in that the coagulated emulsion polymers
comprise the freeze-dried product of an emulsion polymerization, in that these emulsion
polymers have a median primary diameter between 100 and 800 nm, and in that the

freeze-dried and coagulated emulsion polymers are mixed with the first particles.

Method according to at least one of Claims 1 to 4, characterized in that the first particulate
material comprises a particulate polymer material comprising an initiator suitable for curing

the binder or a catalyst or accelerator that accelerates the curing.

Method according to Claim 5, characterized in that the particulate polymer material

comprises a PMMA suspension polymer having a mean diameter between 30 and 120 um.

Method according to at least one of Claims 1 to 6, characterized in that the second
particles are acrylate-based emulsion polymers having a glass transition temperature,
measured by means of DSC, of at least 20°C and preferably at least 40°C below the glass

transition temperature of the first particulate material determined by means of DSC.

Method according to Claim 3, characterized in that the precipitation is promoted by addition

of suitable coagulating aids and/or a change in the pH of the emulsion.
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Method according to at least one of Claims 1 to 8, characterized in that the second
particulate material comprises an initiator suitable for curing the binder or a catalyst or

accelerator that accelerates the curing.

Method according to Claim 3, characterized in that the secondary diameter of the

coagulated emulsion polymers has a median diameter between 1 and 5 ym.

Method according to Claim 2 or 4, characterized in that the secondary diameter of the

coagulated emulsion polymers has a median diameter between 20 and 80 um.

Method according to at least one of Claims 1 to 11, characterized in that the weight ratio of

emulsion polymer to suspension polymer is between 0.1:9.9 and 2:8.

Method according to Claim 12, characterized in that the weight ratio of emulsion polymer to

suspension polymer is between 0.2:9.8 and 1:9.
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