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(57) Abstract: Systems and methods for neutralizing, and preferably reusing,
cleaning solvents (3) for cleaning 3D printed objects (2), wherein at least a part of a
residual 3D printing ink comprised in the cleaning solvent (3) can be neutralized by
aprocedure of residual ink activation, preferably activated and neutralized by poly -
merization and subsequent precipitation removal before solvent reuse or disposal.
Further, the present invention relates to the safe disposal of residual activatable so-
lidifiable inks for 3D printing, in particular in relation to the safe disposal of resid—
ual activatable solidifiable inks for 3D printing comprising activatable mono- and/
or oligomers, in particular comprising photoactivatable mono- and/or oligomers.
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TITLE OF | NVENTI ON

Sol vent recovery and waste i sol ation from additive

manuf actured object cleaning

TECHNI CAL FI ELD

In the field of additive nanufactured object cleaning there
i s proposed a nethod of solvent recovery and waste isolation
for the reduction of the environmental inpact of additive

manuf acturing of objects.

BACKGROUND

Addi tive manufacturing of objects or 3D printing has seen
rapid gromh over the last tw decades and now is a matured
technique for manufacturing of objects for prototyping and
for serial production of objects of unusual geonetry, which
does not easily allow for classical t op-down  obj ect
manuf acturing, such as e.g. casting, molding or mlling. In
3D printing, objects are manufactured in a bottomup printing
process by adding solidifiable material to the forned object
in sequential ly pr oduced | ayers, whi | e concurrently
solidifying the object, wuntil a solidified final shape of
the object to be printed is forned. This is in contrast to
top-down printing processes such as e.g. mcropatterning or
phot ol i t hography, wherein objects to be printed are forned
as single objects. Common advantages of the bottonmup
approach are e.g. increases to conplexity of object
nor phol ogy, rapid prototyping and/or individualization of

printed objects.

During the process of 3D printing substantial anounts of

waste solidifiable material is generated, both in the form
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of unused material, but also in the form of unsolidified
material ejected during the manufacturing process or retained
on the surfaces of the solidified object or the printing

equi pnent after the manufacturing process.

Many of the solidifiable materials suitable for 3D printing,
colloquially called inks, and conprising e.g. activatable
nono- and oligonmers, are environnentally problematic and nust
be di sposed of as dangerous chemcals at designated disposal

facilities and at significant costs.

The present invention relates to the safe disposal of such

resi dual solidifiable materi al s for 3D printing, in
particul ar for the safe disposal of such  residual
solidifiable materi al s for 3D printing conpri si ng
activatable nono- and/or oligoners, in particular conprising

phot oactive nono- and/or oligoners. Throughout the present
di scl osure such solidifiable materials for 3D printing may
colloquially be termed inks or 3D printing inks and residual
solidifiable materials may colloquially be termed residual

ink or ink residuals.

In general, solidifiable materials for 3D printing conprise
not only solidifiable conponents in the form of activatable
nono and/or oligoners, particularly photoactive nono and/or
ol i goners, but also conprise numerous further conmponents such
as e.g. col ors, e.g. in the form of pignents, col ored
particul ates, and/or colorants, co-polyners, solvents and
surfactants, or initiators and/or catalysts may be present
in the 3D printing inks for enhanced polynerization of the

printing ink.

The present invention is not concerned with 3D printing inks,

whi ch cannot be dissolved in a solvent, preferably a solvent
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conprising at least one organic solvent suitable for
di ssolving a nono and/or an oligoner suitable for use as a
solidifiable reactant in a 3D printing and solidification

process. Such inks not included in the present invention
typically conprise neltable and/or hardenabl e polyner pastes
and plastics, which are added to the object during printing

in nmolten/fluid drops and subsequently allowed to harden in
pl ace. Rather, the present invention is concerned wth
solvent based 3D printing inks, preferably solvent based

pol yneri zable 3D printing inks.

To reduce the problem of rising cost and to mnimze the
problem of waste generation from solvent based 3D printing
inks there has been increased interest in obtaining suitable
solutions to the disposal problem In general, as many inks
are susceptive to photo-initiation, it is possible to post -
treat unreacted and concentrated solidifiable, solvent based
3D printing inks of the type contenplated in the present
i nvention and thereby passi vat e these materials. WO
2017/009833 e.g. details a nethod and a system wherein

unreacted and concentrated waste solidifiable, solvent based

photoactive 3D printing material is collected and subjected
to a subsequent, photo-initiated, passi vati on and
pol yneri zati on process, wher eby a disposable plastics
material is forned.

A different problem of waste disposal related to the 3D
printing process conpared to the problem solved in WO
2017/ 009833, but potentially of mnmuch |arger consequence,

relates to unsolidified printing material retained on the
surfaces of 3D printed objects after printing and/or on the

surfaces of the printing equipnent.
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To renove the retained 3D printing ink fromthe forned object
after 3D printing, t horough washing of the object i's
necessary. |f this is not done, the object is neither safe
to handle after printing nor can post-curing treatnents be
applied w thout conprom sing the shape of the printed object.
However , current washi ng nmet hods generate signi ficant
amounts of washing solvent contaminated with 3D printing ink
residuals. Additionally, «clean-up of the printing equipnent
is asignificant source of waste solvents conprising residual

inks for 3D printing a 3D printed object.

In Fig. 1 is schematically detailed the current standard
procedure (10) for cleaning a 3D printed object (2)
conprising in a cleaning step C) imrersing the object (2 in
a cleaning solvent (3y conprised in a container (4 and
submtting the object (2 and the solvent (3 to nechanical

agitation t hereby  obtai ni ng 1) a waste solution (6)
conprising dissolved and/or dispersed residuals of any such
inks for 3D printing the 3D printed object (2 as were used
during the 3D printing process. Typi cal |y, the cleaning
solvent (3 is kept in a solvent reservoir (79 for a cleaning
solvent prior to use. In the figure solid arrows (IGa-ICc)

indicate the process flow direction for necessary process
steps of the cleaning procedure (10), wth dotted arrows
(I d-e) i ndi cating the process flow direction of an
alternative of the procedure (10), which can be optionally
i mpl ement ed, as detailed below. An initial waste solution
(6) is obtained as soon as the cleaning step C) is initiated,

but in the prior art the obtained waste solution (6 is
generally an equilibrium solution obtained after a batch
cleaning in step C). The nethod (20) of the present

invention, as will be detailed, is however functional as soon
as at least sonme waste solution (6 has been generated,

whereby the method (200 of the invention can be inplenented
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both for batch cleaning in step C) as well as for in-flow

cleaning, nore suitable for mass production.

Typi cally, nechani cal agitation conprises such nmethods as
shaki ng, solvent flushing, pulsed vacuum sonication, or nost
preferred ultrasonication, typically using an agitation
station (1 conprising a container (4 for the cleaning
sol vent (3) and nechani cal agi tation means (5) . The
mechani cal agitation nmeans (5 usually are selected from
amongst a nunber of common nechanical agitation nmeans, but
nost comonly used are shaking neans for shaking the
container conprising the cleaning solvent (3 and the 3D
printed object (2); flushing neans for flushing cleaning
solvent (3 past, preferred rapidly past, the 3D printed
object (2), e.g. by using a circulation punp or stirring the
solvent conprised in the container; pul sed vacuum neans,
soni cation rmeans and/or  nost preferred ul trasoni cation

neans .

After nechanical agitation, the solvent (3 now conprises
part or all of the residual ink, which remained on the surface
of the 3D printed object (2 from the 3D printing process,
thus formng a waste solution (6), upon which 2) the waste
solution (6 is collected and X) discarded, preferably by

di sposal as a dangerous chem cal substance.

Sonetines, however, the waste solution () can be reused if
it is not too contani nated, seldom nobre than 3 to 4 tines,
or a sequence of decreasingly contam nated waste solutions
can be used for cleaning the 3D printed object (2 . A system
currently in use for exposing a 3D printed object (2 to a
series of decreasingly contamnated cleaning solvents s
detailed in CH7060157B1, wherein the object (2 to be cleaned

is contained in an ultrasonication chanber, and sequentially
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exposed to wultrasonication in decreasingly contam nated
cleaning solvents (3 . Eventually, after a nunber of uses,
the nmost contam nated cleaning solvent (3 is 2) collected
as a waste solution (e6), typically in a waste reservoir (s
for a waste solution, and X) disposed of as a dangerous

chem cal substance.

In WO 2009/ 140449 there is detailed a nethod of cleaning a
3D printed object using solvent flushing in a dish-washer
type apparatus. The apparatus conprises an actinic radiation
source for post-cleaning curing of the cleaned 3D printed
object. At least one punp allows the cleaning solvent to
circulate the dish-water type apparatus on a closed-I|oop
circulation flow path conprising a filter for filtering out
any particulate material renoved fromthe 3D printed object
during cleaning. After cleaning, the 3D printed object may

be subjected to post-curing by irradiation.

It is disclosed in WO 2009/140449 that while post-curing

t akes place, a secondary circulation punp for cleaning fluid
may be active, for placing the cleaning liquid on the bottom
of apparatus, whereby it may absorb sonme radiation during
post-curing partly allowng particles of build material to
become activated and to react, which reacted particles can
subsequently be filtered from the cleaning fluid by the
conprised filter. A drawback to the setup disclosed in WO
2009/ 140449 is the wuse of irradiation activation in an
at nospher e conpri si ng f I anmmabl e organi c sol vent s at
saturation and oxygen. Further, the desired post-activation

of residual particles of build material is only partial as
the cleaning liquid will at least partially be in the shadow

of the 3D-printed object to be cured during irradiation.



10

15

20

25

30

WO 2020/144156 PCT/EP2020/050170

In particular, WO 2009/140449 discloses use of an agitation
nmeans and an irradiation neans built into the same cleaning
station. The cleaning station of WO 2009/ 140449 defines a
| arge cleaning space, which conprises not just the agitation
means and also conprises neans for holding and rotating the
3D printed object to be cleaned, while the irradiation neans
are arranged to irradiate the entire cleaning space. Waste
sol vent conprising residual ink particles to be activated in
WO 2009/ 140449 covers only the bottom of cleaning space and
therefore, as the cleaning station in WO 2009/140449 is for
sinpl e organic solvents that evaporates easily, waste solvent
is lost to the atnobsphere inside the cleaning space of the
cleaning station of WO 2009/140449 and is mxed with any
present oxygen (atnospheric levels) . Apart from solvent |oss
due to evaporation and increased pollution therefrom the
m xed atnosphere conprising oxygen and organic vapors in the

presence of an irradiation source constitutes a safety risk.

As the manner in which cleaning of 3D printed objects is
currently effectuated generates significant anounts of waste
solutions, which nust be disposed of in expensive procedures
at designated disposal plants, there is currently a need for
nmet hods and systens for neutralizing waste solutions obtained
by the cleaning of 3D printed objects but also, and in
particular, for decontamnating the waste solutions and for
increasing the reusability of the cleaning solvents for use
in cleaning of 3D printed objects and/or printing equipnent,
whereby solvent use can be reduced and cost efficiency

obt ai ned .

The present inventors accordingly suggest systens and net hods
for reusing cleaning solvents, wherein at least a part of
the conprised residual 3D printing ink is activated and

neutralized, preferably polynerized and subsequently renoved



10

15

20

25

30

WO 2020/144156 PCT/EP2020/050170

before solvent reuse by subjecting the waste solution to a
procedure of residual ink activation for obtaining a
neutralized waste solution spatially separated from the 3D
printed object. However , as wWll be detailed herein, t he
met hods and systens of the current invention are also
suitable for use with other 3D printing systens, e.g. wth
cell-printers for bi ol ogi cal 3D printing in aqueous

sol uti ons

SUMVARY OF THE | NVENTI ON

In a first aspect and enbodinent of the invention there is
disclosed a nmethod (200 for neutralizing a waste solution
(69 from cleaning a 3D printed object (22 in a cleaning
solvent (3), the method conprising:
1) obtaining a waste solution (6) conprising residuals of
at least one ink for 3D printing a 3D printed object
(2) dissolved and/or dispersed in at |east one cleaning
solvent (3 from a procedure (10) of cleaning said 3D
printed object (2 in said cleaning solvent (3);

3) subjecting said waste solution (6 to a procedure of
residual ink activation in an activation space (132)
arr anged for preventi ng, duri ng resi dual i nk
activation, evaporation of the waste solution (e and
access of oxygen, for obtaining a neutralized waste

solution (12).

In one enbodinent of the present invention there is disclosed

herein a nmethod (30) of neutralizing and decontaminating a

waste solution (s from cleaning a 3D printed object (20 in
a cleaning solvent (3), the nethod conprising:

1) obtaining a waste solution (6) conprising residuals of

at least one ink for 3D printing a 3D printed object

(2) dissolved and/or dispersed in at |east one cleaning
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solvent (3 from a process of cleaning said 3D printed
object (20 in said cleaning solvent (3);

2) optionally, collecting said waste solution (6);

3) subjecting said waste solution (6 to a procedure of
r esi dual ink activation in an activation space (132)
arranged for preventi ng, duri ng r esi dual i nk

activati on, evaporation of the waste solution (s and

access of oxygen, thereby generating activated ink
resi dual s for form ng a waste precipitate (14)
conprising inactivated residual ink;

4) generating said waste precipitate (14) conpri si ng
i nacti vated residual ink;

5) separating said waste precipitate (14) from said waste
sol ution (6) t her eby obt ai ni ng a decontam nated
solvent (16) as a product of said separation;

6) optionally, col l ecting said decontam nated sol vent
(16) ; and/or

7) reusing said decontaminated solvent (16) as a cleaning

solvent (3) for cleaning a 3D printed object (2

In a second aspect and enbodinent of the invention there is
herein disclosed a system (40) for inplenenting a nethod
(20,30) for neutralizing a waste solution (6) from cleaning
a 3D printed object (2 in a cleaning solvent (3), the system
(40) conpri si ng an agitation station (1), defini ng an
agitation space (102) for conprising a 3D printed object (2
to be cleaned in a cleaning solvent (3), an activation
station (13) for executing a procedure of residual i nk
activation for obtaining a neutralized waste solution (12),
the activation station (13) defining an activation space
(132) for conmprising the waste solution (6 during residual
ink activation wthin the activation space (132), thereby
preventing evaporation of said waste solution (6 and access

of oxygen, and a waste reservoir (8 for a neutralized waste
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solution (12), sequentially arranged on a waste solution
flowpath (43a-c); punping neans (17); and a controller for
executing a nmethod (20,30) for neutralizing a waste solution
(69 from cleaning a 3D printed object (2 in a cleaning
solvent (3 according to any of the enbodinents of the first

aspect .

BRI EF DESCRI PTI ON  OF THE DRAW NGS

Fig. 1: Prior Art disposal of waste solutions from cleaning

3D printed object in a solvent.

Fig. 2: Fl owchart of the method according to the invention.

Fig. 3: Experinmental confirmation of working principle.

Fig. 4: System for inplementing a first aspect of the
i nvention .

Fig. 5: Sinple setup conprising recycling for experinental

confirmati on of working principle.

DETAI LED DESCRI PTI ON

In accordance with the aspects and enbodi nents of the present
invention as detailed herein, the present invention relates
to systenms and nethods for neutralizing, and preferably
reusi ng, cleaning solvents (3 for <cleaning 3D printed
objects (2), wherein at least a part of a residual 3D printing
ink conprised in the cleaning solvent (3 can be neutralized
by a procedure of residual ink activation, preferably
activated and neutralized by polynerization and subsequent
precipitation removal before solvent reuse or disposal.
Further, the present invention relates to the safe disposal
of residual activatable solidifiable inks for 3D printing,
in particular in relation to the safe disposal of residual

activatable solidifiable inks for 3D printing conprising
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activatable nono- and/or oligoners, in particular conprising

phot oacti vatabl e nono- and/or oligoners.

The herein presented nethod of neutralizing (200 a waste
solution (e) conprising at |east one cleaning solvent (3)
for cleaning a 3D printed object (2 of the invention is for
a waste solution (s obtained from a procedure (100 for
cleaning a 3D printed object (2 in at least one cleaning

solvent (3), the nethod (20) obtaining as its end result

either neutralized waste solution (12), which can be
discarded at lowered costs and risks, or cleaned or
decont am nat ed sol vent (16), which can be reused in

procedures for cleaning a 3D printed object (2 in at |east
one cleaning solvent (3), the reusable decontam nated solvent

(16) hereby substituting for unused cleaning solvent (3)

Thr oughout the present disclosure there is nentioned, and
made use of, the terns neutralization, neutralizing, nethods
of neutrali zing, and/ or neutralized waste solution for
describing elements of the invention. Collectively these
ternms are used to describe the outcome of, and the products
of the outcone of, the nethods of the invention, wherein
neutralization is intended to be understood in comon neaning
in science as being rendered neutral, e.g. by inactivation,
with respect to an unwanted outcone, such as e.g. further
reactions of remaining active species in the waste solutions
produced in 3D printing. The resulting waste solutions of
the invention are not, per se, purified as an end result of
applying the nmethods of the invention. Rather the degree of
cont am nati on of the waste solution is decreased by
neutralization of the waste conprised in the waste solution,
e.g. by inactivation of reactive species, and in sone
enbodi nents also by renoval of neutralized waste from the

waste sol utions. For purification of the cleaned waste
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solutions of the invention, further process steps of solvent
purification are necessary. Such further process steps of
solvent purification are generally known in the art of
purifying solvent and can be applied by the skilled person
if purification is subsequently intended after waste sol ution

neutralization

Per se, the present nmethod (200 is suitable for application
with other contam nated solvents obtained through other
processes and conprising activatable materials, which can be
neutralized or, preferably, neutralized and precipitated.

However, these applications fall outside the scope of the

pr esent i nventi on, as end-results for the decontam nated
sol vent (16) wll differ and the min advantage of the
present nethods, i.e. reusability of the decontam nated

solvent (16) as a cleaning solvent (3 for cleaning a 3D
printed object (2), of the invention will not be obtained if
contam nated solvents are used, which are not suitable for

use in cleaning a 3D printed object (2

The present i nvention i's primarily concer ned with
neutralization of organic solvents conprising residual ink
for reuse in a cleaning procedure for a 3D printed object
(2) . This reflects the current standards of 3D printing inks,

whi ch use carbon based substances and conponents, which can
be renoved from 3D printed objects (2 by cleaning using
cleaning solvents (3 such as, preferably, isopropanol; or
i sopropanol conprising other organic solvents for enhanced
cleaning of ink conponents not directly dissolvable or
di spersible in isopropanol. Herein isopropanol or 2-propanol

is preferably used over the systematic |UPAC name propan-2-

ol .
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13
Typically, et hanol can be a conponent, sonetimes even
substituting isopropanol, whereas other organic solvents are

usually not used due to the associated higher toxic risks.
Nevert hel ess, such other organic solvents having higher toxic
ri sks than isopropanol and/or ethanol may be present in snall
amounts for enhancing cleaning efficacy for one or nore
conponents conprised in the printing inks. Al so, somne
cleaning solutions may conprise small anobunts of surface

active conponents, however, where surface active conponents

have been used, it is common to cleanse the 3D printed object
(2 in tw steps, the first step wusing the conposition
conprising the surfactant, and the second step using a

conposition wthout surfactants for also renoving residuals

of surfactant.

The present nethods (200 are not per se concerned with the
conposition of the cleaning solvents (3 prior to cleaning a
3D printed object (2 as long as the resulting waste solution
(6) obtained from the cleaning procedure (10) involving the
cleaning solvent (3 results in a waste solution (s Wwhich
can be activated and, preferred, upon activation generate a
waste precipitate (14) which can be separated from the waste
solution (e in sufficient anpunts, such that a neutralized

cl eaning sol vent (12) or, preferred, a neutralized and
decont am nated, and nost preferably reusable, decontam nated

solvent (16) can be generated after applying the nmethods (20)

of the present invention on the obtained waste solution (s)

A separate issue is the use of aqueous solutions for 3D
printing of biological material. It is a surprising advantage
of the present nethods (200 that they are suitable for use
with biological materials as will be detailed below, and that
hence the cleaning solvent (3 my be water, and that the

resulting waste solution (6 nmay be an aqueous solution.
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However, due to biological purity requirements, e.g. for
sterilization, it is generally not recommended to reuse the
decont am nated aqueous solvent (16) . Nevertheless, due to
the neutralization and/or decontam nation process enployed
according to the invention, disposal costs for the aqueous

solutions will be reduced.

Accordingly, in the aspects and enbodi nents of the present
met hod (20), the cleaning solvent (3 can be any cleaning
solvent (3 suitable for use in a cleaning procedure for
cleaning a 3D printed object (2 . In a preferred enbodi nment
t hereof, the cleaning solvent (3 can be any cleaning solvent
(3 suitable for use in a cleaning procedure (100 for
cleaning a 3D printed object (2), which cleaning procedure
conprises submerging the 3D printed object (2 in the
cleaning solvent (3 and applying nechanical agi tation,
preferably using mechanical agitation neans as defined

herein .

In a further, and even nore preferred enbodi nent of the above
enbodi ments of the cleaning solvent (3), the cleaning solvent
(3 is either water or an organic solvent conprising 2 or 3

carbon atons or m xtures thereof.

Wen the cleaning solvent (3) is an organic solvent
comprising 2 or 3 carbon atoms, nost suitable options for
low toxicity conpri se et hanol , acet one, 1- pr opanol

i sopropanol (2-propanol), or mixtures thereof, wth ethanol
or isopropanol being nore preferred, and nost preferred being

i sopropanol  (2-propanol)

As nentioned, the cleaning solvent (3 may conprise at |east
one solvent (3 as main conponent selected as detailed above

in mxture with at |least one further solvent, selected as
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detail ed above, in smaller amounts. In sone enbodi nents, the
at least one further solvent is present in an amount bel ow
50% ww of total solvent, preferably present in an anount
bel ow 40% ww of total solvent, bel ow 30% ww of total
solvent, below 20% ww of total solvent, below 10% ww of
total solvent, or even nore preferably below 5% w w of total
solvent. If two or nore further solvents are present, the
sum of their total mass is present to below 50% w w of total
solvent, preferably present in an anmount below 40% ww of
total solvent, below 30% ww of total solvent, below 20% w w
of total solvent, below 10% ww of total solvent, or even

nore preferably to below 5% w w of total solvent.

Contrary to the prior art in WO 2017/009833, which concerns
direct polynerization of surplus ink, the present invention
relates to processes occurring in a solvent downstream of

the finished 3D printed object (2), usually in dilution. The

present invention builds on the surprising realization by
the present inventors that the by-weight concentration of
resi dual activatable solidifiable inks in the cleaning

solvents (3 comonly used for cleaning after 3D printing,

in some circunstances can be sufficiently high, despite the
dilution due to the cleaning process, for subsequent in
sol vent activation and neutralization, preferably
neutralization by precipitation of at least a part of the
resi dual ink conponents di ssol ved and/ or di spersed in

cleaning solvents (3 used for cleaning a 3D printed object

(2) .

Accordi ngly, and in the broadest aspect of the present
invention, there is disclosed: A method (20) for neutralizing
a waste solution (e) from cleaning a 3D printed object (2

in a cleaning solvent (3), the nmethod conprising:
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1) obtaining a waste solution (6 conprising residuals of
at least one ink for 3D printing a 3D printed object
(2) dissolved and/or dispersed in at |east one cleaning
sol vent (3 from a procedure (100 for cleaning a 3D
printed object (2 in a cleaning solvent (3);

3) subjecting the waste solution (6) to a procedure of
r esi dual ink activation in an activation space (132)
ar r anged for preventing, duri ng r esi dual i nk
activati on, evaporation of the waste solution (s and
access of oxygen, for obtaining a neutralized waste

solution (12).

The nmethod (200 according to the broadest aspect of the
pr esent i nvention is schematically represent ed in the
flowchart of Fig. 2, showing the relation between all the

enbodi rents of the present invention, c¢.f. Fig. 2, arrow 20b.

Fig. 3, as wll be further detailed in the Experinental

Secti on, shows a sinple experinental confirmation of the
wor ki ng principle of the present i nvention, wherein
activation in step 3) is perforned using Uv-light. The
broadest aspect of the present invention according to the

nmethod (20), is visualized in Fig 3A

Contrary to WO 2009/140449, wherein agitation and activation

of residual ink particles is done in a shared space, the
present invention inproves on the prior art by providing a
separate activation space (132) arranged for preventing,

during residual ink activation, evaporation of the waste
solution (e) and access of oxygen. Thereby loss of waste
solution (6 to evaporation is prevented and safety risks
due to oxygen mixed with flammble organic solvents in the
presence of an irradiation source are elinnated. In the
systens (40) inplenmenting the nethods (200 of the invention,

this is done by spatially separating the agitation station
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() from the activation station (13) and arranging these
sequentially on a waste solution flowpath (43a-c) . Thereby
the activation space (132) conprising the waste solution (e)
during residual ink activation can be arranged to prevent
sol vent evaporation and access of oxygen thereby overcom ng
the drawbacks of the prior art. Surprisingly, as detailed in
the Experimental Section, the spatial separation of agitation
and activation allows for increased neutralization of the

waste solvent (6), allowing neutralization to conprise not

just residual ink particles but also dissolved nono- and
ol i goners conpri sed in the waste solution (6) . Another
wel come benefit lies in a significant reduction in volune

for the cleaning systens (40) of the invention conpared to
the cleaning system disclosed in WO 2009/140449, as will be
further detailed below

As with the flowhart of Fig. 1, also for the flowhart

detailed in Fig. 2 solid arrows (20a- 20f) indicate the
process flow direction for the preferred enbodinments of the
nmet hods of the invention with dotted arrows (2la-24b) show ng
the process flow direction of optional or less preferred

enbodi ment s, as wll be detailed herein below Thin, dotted
arrows (l1Cc-e) indicate elenments of the prior art cleaning
procedure (10) which can be independently inplenented in the

cleaning step C).

As such, and in accordance wth a preferred enbodinent of
the present invention, the step C) of cleaning a 3D printed
object (20 in a cleaning solvent (3 is in accordance wth
the procedure (10) of the prior art as detailed in the present

di scl osure

As can be seen, process steps C), 1), 2) and X) wth the
option of reusing the waste solution (e for cleaning the 3D

printed object (2 result in executing the prior art cleaning



10

15

20

25

30

WO 2020/144156 13 PCT/EP2020/050170

procedur e (10) as detailed above. The present i nvention
deviates from the prior art cleaning procedure (10) either
after step 1), solid arrow (20b) , in that it is, as nentioned,
possible to initiate the nmethod (200 of the invention, in
its broadest aspect, as soon as the cleaning procedure (10)
in step C) has been initiated. Normally, however, the nmethod
(200 of the invention wll not be initiated until after
termnation of the cleaning procedure (10), inplenmenting step
2) of optionally <collecting the waste solution (6), dotted
arrows (23a-b) , and prior to activating the waste solution

(6) in step 3).

In the context of the present invention suitable procedures
of residual ink activation wll vary dependent on the node

of ink activation that was originally wused for activating

the inks during the additive manufacturing process. In
general, a suitable procedure for activating a specific ink
for additive manufacturing wll also be a suitable procedure
for activating residuals of the sane ink. 1In the art in
particular UV-activation is used, but also other types of
activation by photon irradiation, such as e.g. visible or

| R-activation are known in the art and are suitable for use
with the present invention, when a specific ink so denmands.

In the preferred enbodi nent s of the present i nvention
activation by photon irradi ation is activation by Uv-
irradiation. In some situations also chenmical ink activation

can be advantageous, e.g. with biol ogical systens and
strongly absorbing inks, but chem cal ink activation is
generally less preferred to photon irradiation activation as
the addition of activation chemcals leads to buildup of
further inpurities in the cleaning solvent, thereby reducing
the nunber of tines that the neutralized solvents (12) can

be recycled for cleaning a 3D printed object.



10

15

20

25

30

WO 2020/144156 19 PCT/EP2020/050170

Accordi ngly, in an enbodi nent of the nethod (20) for
neutralizing a waste solution (6 from cleaning a 3D printed
object (2 in a cleaning solvent (3), there is disclosed the
net hod (200 further conprising: 2) collecting the waste
solution (e) after obtaining the waste solution (e and prior
to subjecting the waste solution (6) to a procedure of
r esi dual ink activation for obtaining a neutralized waste

solution (12).

In a further enbodinent of the method (20) for neutralizing
a waste solution (6 from cleaning a 3D printed object (2
in a cleaning solvent (3), there is disclosed the nmethod (20)
further conprising: 8) reusing the neutralized waste solution
(12) in a procedure (100 for cleaning a 3D printed object

(2) .

Event ual | vy, after a nunber of reuses, the neutralized waste
solution (12) beconmes unusable as a cleaning solvent (3 and
may be discarded, step X) after having first undergone a
final procedure of 3) subjecting the waste solution (6 to a
procedur e of residual ink activation for obtaining a
neutralized waste solution (12), c.f. Fig. 2 following the
arrows 20c and 2la. Alternatively, but less preferred, it is
in all enbodinments of the present invention possible to exit

the nmethod (200 of the invention after collecting the waste
solution () in step 2), c.f. Fig. 2, thin dotted arrow 10c.

Exiting after step 2), however, leaves a part of the waste

solution (6) not neutralized, which is undesirable.

In Fig. 4 there is detailed a system (40) for inplenmenting
the method (20) according to the above enbodinents of the
present invention in its broadest aspect. The system (40)
conprises an agitation station (1), defining an agitation

space (102) for conprising a 3D printed object (22 to be
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cleaned in a cleaning solvent (3), an activation station (13)
for executing a procedure of residual ink activation for
obtaining a neutralized waste solution (12), the activation
station (13) defi ni ng an activation space (132) for
conpri sing the waste solution (6) during residual i nk
activation W t hin the activation space (132), t her eby
preventing evaporation of the waste solution (e and access
of oxygen, and a waste reservoir (8 for a neutralized waste
solution (12), sequentially arranged on a waste solution
flowpath (43a-c); punping mneans (17); and a controller for
executing a nethod (200 for neutralizing a waste solution
(6) from cleaning a 3D printed object (22 in a cleaning
solvent (3) according to any of the aspects and enbodi nents

of the present invention.

In accordance wth the present i nvention, the agitation
station (1) and the activation station (13) are spatially
separated as a consequence of their sequential arrangenent
on the sane waste solution flowath (43a-c), and hence do
not provide a common space for conprising a waste solution
(6) as in WO 2009/ 140449, but two separate spaces (102,132)

for conprising a waste solution (e)

Preferably, the system (40) is produced as a cleaning station
in a single unit. The cleaning station may be conprised in,
and fluidly connected to, the 3D printer system producing
the 3D printed object (2 or may be stand-alone to the 3D
printer system If the system (40) is conprised in, and
fluidly connected to, the 3D printer system it is possible
to treat the waste printing solution from the 3D printing
process for producing the 3D printed object (2 wusing the
systens and methods of the present invention additional to
the waste solution (6 from cleaning the 3D printed object

(2), as well as any waste solution generated by cleaning the
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3D printing system and in particular reusing the cleaning

solvent for these purposes.

The punping neans (17) can be located on the waste solution
flowpath (43a-c) as indicated in Fig. 4, but this placenent
is not mandatory in all enbodinents, and the skilled person

may use any suitable placenent of the punping neans (17) in

accordance with custom in the art of noving fluids. In
general, the punping neans (17) wll be at l|east one punp
for nmoving liquids, but other punping neans (17) are suitable
as well in accordance with the custom in the art.

In enbodinents of the system (40) inplenmenting step 8) of
the nmethod (20) of the invention, it is possible to nobve the
neutralized waste solution (12) back along the waste solution
flowpath (43a-c) to the agitation station (1) using e.g. a
two-way punp (17), it is however preferable to bypass the

activation station (13) by neans of a return flowpath (44)

In one enbodiment, the waste reservoir (8 for a neutralized
waste solution (12) permts the discard of the neutralized
waste solution (12) via a discard flowpath (45 downstream
from the waste reservoir (8) . In some enbodinments of the
present invention, the system (40) conprises at least two
waste reservoirs (8,8a) for a neutralized waste solution (12)
arranged in parallel on the waste solution flowpath (43a-c)

Thereby the at least two waste reservoirs (8,8a) can be
arranged to contain increasingly contamnated neutralized
waste  sol utions (12), wher eby a nethod of reusing a
decreasingly contam nated waste solution (12) for cleaning a
3D printed object (29 in accordance wth the prior art can
be inplenented into the nethod (20) of the invention. Wen
present, the discard flowpath (45 then <connects to the

reservoir of the at least tw waste reservoirs (8, 8a)
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conprising the nobst contam nated neutralized waste solution

(12)

In a preferred enbodi nent of the system (40) of the
i nventi on, the system (40) further conprises a solvent
reservoir (7) for a cleaning solvent (3 connected to the
agitation station (1) by a cleaning solvent flowpath (42)
upstream to the agitation station (1 . Thereby a conpact,
stand-al one cleaning station (40) can be obtained having only
few potential contact zones for a user operating the cleaning

station (40)

In sone enbodinments, control of the flow of solvent (3 and
solutions (6,12) can be regulated by operating valves (41la-
h). The operation of valves for the proper flow of fluids is
in general considered within the skills of the person in the

art .

In accordance with the nethod (200 of the present invention,

suitabl e nechanical agitation may conprise shaking, solvent
fl ushi ng, pul sed vacuum soni cati on, or nost preferred
ultrasonication . In accordance wth the enbodinents of the
system (40) of the present invention, nechanical agitation
is preferably inplemented wusing an agitation station (1),

cf. Fig. 4, conprising a container (4 for the cleaning

solvent (3 and nechanical agitation means (5)

The nechani cal agitation neans (5 of the invention can be
sel ected from anongst a nunber of mechanical agitation neans
conmonly known to the skilled person. Preferably used in the
enbodi ments of the systenms (40) of the present invention are
shaking neans for shaking the container conprising the
cleaning solvent (3 and the 3D printed object (2); flushing

means for flushing cleaning solvent (3) past, preferred
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rapidly past, the 3D printed object (2), e.g. by using a
circulation punmp or stirring the solvent conprised in the
cont ai ner; pul sed vacuum neans, sonication neans or, nost

preferred, ul trasoni cati on neans.

The system (40) inplenenting the nethod (20) of the invention

detailed in Fig. 4 is illustrated 1in its broadest aspect.
The activation station (13) will be described in nore detail
bel ow, however in Fig. 4, the activation station (13) is

exenplified by conprising irradiation neans (31), preferably
ul travi ol et (uv) irradiation nmeans (131), which throughout
the present disclosure is the preferred neans for executing
a procedure of residual ink activation for obtaining a

neutralized waste solution (12)

As nentioned it is an inportant elenent of the present
invention that the activation station (13) is defining a
activation space (132) for conmprising the waste solution (e)
during residual ink activation wthin the aforenentioned
activation space (132), for preventing evaporation of the
waste solution (6) and access of oxygen to the aforenentioned

activation space (132) during residual ink activation.

The experinents show a sinple realization of the activation
station (13), wherein the defined activation space (132) is
defined by the interior of a sinple graduated cylinder, which
is open to the atnosphere in one direction. However, due to
the different time scale of residual ink activation (mnutes)
and post-curing of a 3D printed object (tens of mnutes),
the activation station (13) of the experinents sufficiently
provi des an activation space (132) for preventing evaporation

and oxygen access during irradiation.
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It is however preferred in the enbodinments of the invention
that the activation space (132) for conprising the waste
sol ution (6) during residual ink activation shall be an
essentially closed activation space (132) . This can e.g. be
provided by filling a container and sealing it during
r esi dual i nk activati on, sui tabl e e.g. for chem cal

activation of the waste solution.

However and preferably, the essentially <closed activation
space (132) is provided by a flow container, such as e.g. a
flow tube or pipe, conprising at least a w ndow transparent
to activation irradiation from irradiation nmeans (131)
conmprised in the activation station (13), and arranged for
permtting a flow of waste solution (6 through the flow
container when the activation station (13) is in use. Such a

flow container provides a mninzed activation space (132)

whi ch, since only liquid is flowing through the flow
container, provides an optinzed conbination of activation
and speed of operation, while preventing evaporation and

oxygen access.

The procedure of residual ink activation wll be discussed
in nore detail below, however it is worth nentioning, t hat
an additional advantage of using UV-radiation can be observed

when the 3D printed object (22 has been printed using a

biological material, e.g. cells, in water. Passing such waste
wat er (6) conpri si ng a biol ogi cal mat eri al past t he
activation station (13) conpri si ng W-irradiation nmeans
(131) allows for neutralization/killing of the biol ogical

material conprised in the waste water (6 according to well-
known mechani sms of UV-activation and neutralization/killing
by radicals formation in the biological mat eri al , t her eby

reducing the biological hazard class of the waste water (o)
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and concurrently reducing the cost of discarding it, even if

reuse will seldom be an option.

However, and in general, 3D printing is normally concerned
with the addition of hardenable polyneric materials to an
obj ect (2 under construction, in particular with the
addition of hardenable polynerizable materials to an object
(2) under construction, and the present invention wll be

further discussed in that context.

As known is from the prior art, ink residuals from the 3D
printing process remain attached to the surfaces of 3D
printed objects (2 and/or printing equipnent after 3D
printing. The interactions between the ink residuals and the
3D printed object (2 are usually non-specific and the 3D
printed objects can therefore suitably be cleaned in a
conmbi nation treatnent of cleaning solvent (3 and mechani cal

agitation as known fromthe prior art procedure (10) . Thereby
ink residuals are dissolved and/or dispersed in the selected
cl eaning sol vent (3) formng the aforenentioned wast e

solution (6).

The experinment al results of Fig. 3A documents a typical
situation, wherein there is both dissolved and dispersed ink
residuals in the cleaning solvent (3 in larger amounts after
cleaning, making the resulting waste solution (6 turbid.
Such turbid waste solutions (e are typically observed after
performng first cleanings in cleaning solvents (3 using
mechani cal agitation according to the prior art procedure
(10) . Typically, clear waste solutions (e) are observed only
after submtting the 3D printed object to at least two prior
art cleaning procedures (100 using fresh cleaning solvent
(3), often only after at least three prior art cleaning

procedures (10) using fresh cleaning solvent (3
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The conposition of the waste solution (e) resulting from
performing a cleaning procedure (100 of the prior art wll
differ depending on the initial conposition of the 3D

printing ink. Also partially solidified residuals from the

formation process of the 3D printed object (2 wll often be
present in the waste solution (6) typically dispersed
therein. The present invention builds on the surprising
realization by the present inventors that the by weight

concentration of residual activatable solidifiable inks in
the cleaning solvents (3 comonly wused for cleaning after
3D printing in some circunstances can be sufficiently high
for subsequent in solvent activation and precipitation of

i nk conponent s.

As is well-known to the skilled person in polymer chemstry,
pol ymer formation from a solution of dissolved and/or
di spersed nono- and/or oligomers in a solvent depend on
exceeding a critical concentration of formation bel ow which,
the concentration of the reactants, i.e. mono- and/ or
oligoners, is too low for reaction with an activated species
in the solvent before solvent inactivation or reorganization
of the activated species occurs. As a result, when the
concentration of reactants is too |ow, the activatable

speci es becone inactivated and polynerization is term nated.

In relation to the broadest aspect of the present invention,
this is advantageous, and used herein as detailed above, as
the toxicity of the waste solutions (6 can be reduced nerely
by activating the ink residuals in step 3) in the waste
solution (e) c.f. Fig. 2, even where the waste solutions (s)
conprise diluted ink residuals below the above nentioned

critical concentration of formation.
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In such diluted waste solutions the activated ink residuals
wll, al t hough activated, not necessarily react by
pol ynerization as a consequence of the activation, but may
fail to find a reaction partner before inactivation and thus
will not form a precipitate, but rather form dissolved and/or
di spersed inactivated 1ink residuals in the waste solution
(6) . However, these inactivated ink residuals are no |onger
avail abl e for reaction and t her ef or e, t he resulting
neutralized waste solution (12) conprising the inactivated
ink residuals wll be less dangerous and less costly to
discard, which in itself represents a beneficial advant age

over the present state of the art.

The inventors have however observed, that the nobst conmmpn

situation, however, wll be that the waste solutions (6 are
sufficiently concentrat ed for exceedi ng t he critical

concentration of polyner formation from activated i nk
residuals, residual ink polynerization wll take place, and
a waste precipitate (14) will be formed in addition to any

partially solidified residuals from the formation process of
the 3D printed obj ect (2), c.f. Fi g. 3. This waste
precipitate (14) is sinple to renpve using separation nmeans
(15), such as filters, centrifuges or other separation neans
as are generally known to the skilled person. Fig. 5 shows
the system and experinental setup used to generate the
results presented in Fig. 3, wherein a suction filter (15)
|located on the waste solution fl owpat h (43) after the
activation station (13) using Uv-irradiation (131) and before
the punping neans (17), here a suction punp (17), t he
pl acenment corresponding to a location on section (43b) of

the waste solution flow path (43a-c) of Fig. 4.

Accordi ngly, there is disclosed herein in one enbodinment of

the present invention: A nmethod (30) of neutralizing and
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decont ani nati ng a waste solution (69 from cleaning a 3D
printed object (22 in a cleaning solvent (3), the nethod
conpri si ng
1) obtaining a waste solution (s conprising residuals of
at least one ink for 3D printing a 3D printed object
(2) dissolved and/or dispersed in at |east one cleaning
solvent (3) from a process of cleaning said 3D printed
object (20 in said cleaning solvent (3);
2) optionally, collecting said waste solution (6);
3) subjecting said waste solution (6 to a procedure of
r esi dual ink activation in an activation space (132)
arranged for preventi ng, duri ng r esi dual i nk

activati on, evaporation of the waste solution (s and

access of oxygen, thereby generating activated ink
resi dual s for form ng a waste precipitate (14)
conmprising inactivated residual ink;

4) generating said waste precipitate (14) conpri si ng
i nacti vated residual ink;

5) separating said waste precipitate (14) from said waste
sol ution (6) t her eby obt ai ni ng a decontam nated
solvent (16) as a product of said separation;

6) optionally, col l ecting said decontam nated sol vent
(16) ; and/or

7) reusing said decontaminated solvent (16) as a cleaning

solvent (3) for cleaning a 3D printed object (2

In the nmethods (20,30) detailed above and in Figs. 2 and 4,
the waste solution (6 is collected in internediate steps
between cleaning of the 3D printed object (2 and activating

the subsequent polynerization of the ink residuals. These
collection steps are, however, nerely optional and can be
di spensed with, when the volunmes of waste solution (6)

gener at ed by cleaning the 3D printed obj ect (2) are

sufficient for carrying out the activation step 3). Oten,
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however , in small scale |laboratories and with at-hone 3D
printing equi prent it i s advant ageous to collect a
sufficient volume of waste solution (e prior to activating

the waste solution (6) for precipitation generation and

separation in steps 3) and 4).

EXAMPLES

In Fig. 3 there is detailed a sinple experi nment al
confirmation of the working principle underlying the general
nmet hod (20) of the invention and achi eved usi ng t he

experinental setup (11) detailed in Fig 5.

A 3D printed object (2 was cleaned in a first cleaning step
C) wusing nechanical agitation (ultrasound) in isopropanol
(3 in an ultrasonic bath (1) . After ultrasonication, t he
obt ai ned 1) waste solution (6) was collected 2) in a
graduated cylinder (132) from the ultrasonic bath (1), c.f.
Fig. 3A. The resulting waste solution (e after cleaning was

too turbid for |ooking through. Polynerization was activated

3) using ultraviolet light (13), which within a short tine
generated 4) an insoluble waste precipitate (14) in the
i sopropanol . The resulting waste precipitate (14) was

separated 5) from the solvent by filtration (c.f. Fig. 30
using a suction filter (15) and a punp (17), t her eby
generating a decontaminated or cleaned solvent (16), which
was subsequently collected 6) c.f. Fig. 3B, and reused 7) in
the cleaning of further 3D printed objects at step C). The

process was repeatable.
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CLOSI NG COVMENTS

The term "conprising” as used in the clainms does not exclude
other elenents or steps. The term "a" or "an" as used in the
clainms does not exclude a plurality. A single processor or
other unit may fulfill the functions of several neans recited

in the clains.

Al though the present invention has been described in detail

for purpose of illustration, it is wunderstood that such
detail is solely for that purpose, and variations can be nade
therein by those skilled in the art wthout departing from

the scope of the invention.
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CLAI M5

1. A nethod (200 for neutralizing a waste solution (6 from
cleaning a 3D printed object (2 in a cleaning solvent
(3), the nmethod conprising:

1) obtaining a waste solution (s conprising residuals of
at least one ink for 3D printing a 3D printed object
(2) dissolved and/or dispersed in at |east one cleaning
solvent (3 from a procedure (10) of cleaning said 3D
printed object (2 in said cleaning solvent (3);

3) subjecting said waste solution (6 to a procedure of
r esi dual ink activation in an activation space (132)
arranged for preventi ng, during r esi dual i nk
activation, evaporation of said waste solution (e and
access of oxygen, for obtaining a neutralized waste

solution (12).

2. A nethod (20) for neutralizing a waste solution (6)
according to claim 1, the nmethod further conprising: 2)
collecting said waste solution (e after obtaining said
waste solution (6 and prior to subjecting said waste

solution (e) to said procedure of residual ink activation.

3. A nethod (20) for neutralizing a waste solution (6)
according to either claim 1 or claim 2, the nethod further
conpri si ng: 8) reusing said neutralized waste solution

(12) in a procedure (100 for cleaning a 3D printed object

(2) .

4. A nethod (20) for neutralizing a waste solution (6)
according to any of the preceding «clainms, wherein said
procedure of residual ink activation is a 4) procedure of
generating activated ink residuals for formng a waste

precipitate (14) conprising inactivated residual ink.
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5.

6.

32

A nethod (30) of neutralizing and decontanminating a waste

solution (6) from cleaning a 3D printed object (2 in a

cl eaning sol vent (3 according to any of the preceding

clainms, the nethod conprising:

1) obtaining a waste solution (6) conprising residuals of
at least one ink for 3D printing a 3D printed object
(2) dissolved and/or dispersed in at |east one cleaning
solvent (3 from a process of cleaning said 3D printed
object (20 in said cleaning solvent (3);

2) optionally, collecting said waste solution (6);

3) subjecting said waste solution (6 to a procedure of
r esi dual ink activation in an activation space (132)
ar ranged for preventi ng, duri ng r esi dual i nk

activation, evaporation of said waste solution (e and

access of oxygen, thereby generating activated ink
resi dual s for form ng a waste precipitate (14)
conprising inactivated residual ink;

4) generating said waste precipitate (14) conpri si ng
i nacti vated residual ink;

5) separating said waste precipitate (14) from said waste
sol ution (6) t her eby obt ai ni ng a decontam nated
solvent (16) as a product of said separation;

6) optionally, col l ecting said decontam nated sol vent
(16) ; and/or

7) reusing said decontaminated solvent (16) as a cleaning

solvent (3) for cleaning a 3D printed object (2

A method according to any of the clains 1 to 5, wherein
said activation space (132) is an essentially cl osed

activation space (132)
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7. A system (40) for inplenenting a nethod (20, 30) for
neutrali zing a waste solution (69 from cleaning a 3D
printed object (2 in a cleaning solvent (3), the system
(40) conprising an agitation station (1), defining an

5 agitation space (102) for conprising a 3D printed object
(22 to be cleaned in a cleaning solvent (3), an activation
station (13) for executing a procedure of residual i nk
activation for obtaining a neutralized waste solution

(12), said activation station (13) defining an activation

10 space (132) for conprising said waste solution (6 during
r esi dual ink activation wthin said activation space
(132), thereby preventing evapor ati on of said waste

solution (s) and access of oxygen, and a waste reservoir
(8 for a neutralized waste solution (12), sequentially
15 arranged on a waste solution flowpath (43a-c); punping
neans (17); and a controller for executing a nethod
(20, 30) for neutralizing a waste solution (6) from
cleaning a 3D printed object (2 in a cleaning solvent

(3) according to any of preceding claims 1 to 5.

20
8. A system (40) according to claim 7 further conprising a
solvent reservoir (79 for a cleaning solvent (3 connected
to said agitation space (102) by a cleaning solvent
flowpath (42) upstream to said agitation station (1)
25
9. A system (40) according to either claim 7 or 8 further
conprising separation neans (15) located on said waste
solution flowpath (43b) after said activation station
(13)
30

10. A system according to any of the clains 7 to 9, wherein
said activation space (132) is an essentially closed

activation space (132)
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11.

12.

34

A system according to any of the clains 7 to 10, wherein
sai d activation space (132) is a flow container
conprising at least a window transparent to activation
irradiation from irradiation nmeans (131) conprised in
the activation station (13), and arranged for permtting
a flow of waste solution (6) through the flow container

when the activation station (13) is in use.

A system according to claim 11, wherein said irradiation

nmeans (131) are WV-irradiation neans.
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