2 APR 2004 1 PLASTIC COMPONENTS W TH | MPROVED SURFACE APPEARANCE AND

- METHOD OF MAKI NG THE SAME FI ELD OF THE | NVENTI ON The present invention
relates to the manufacture of plastic objects. In particular, the)npRst
invention relates to a nethod of treating porous plastic objects and
products produced thereof. BACKGROUND OF THE | NVENTI ON Pl astic objects are
commonl y produced using rapid prototyping techniques for testing purposes
before the nore expensive pernmanent nold is made for mass production
purposes. Different techniques and apparatus are avail able for producing
rapi d prototypes. The prototypes producet are typically made of netallic
conposites or plastic. For plastic rototypes, ‘acrylic, ABS and nylon are
conmon materials us&!-.A&'IﬂcorCQMHQNEBB'§ AVETH yiMRBOMEDRrSUREACE r om
powder ed nyl on usigﬁaéechni ues such as selective |aser sintering, while

acrylic and A B S BARANCE, AND JHEEHODL PR MBAKING: FHE SAME and f used

deposition nethod respectively. The prototypes produced have a high | evel
of accuracy, but often assune a rough, mat appearance that usually does not
| ook like their injection noul ded counterparts. Injection noul ded plastic,

on the other ha ith the relevant dyes added into the
‘material for mﬁFh?bgﬁirﬁwﬁgﬂ.'%I ding tenperature and pressure causes
conplete nelting and m xing of the plastic and dye to form a non-porous,
solid part. 5 f textiihepgedent wshtiardretstes focthe raarRIRIEO @4 pRistic objects. In
particular, the present invention relates to a method of treating porous

plastic objects and products produced thereof.

BACKGROUND OF THE INVENTION

10 Plastic_ objects are commonly produced using rapid prototyping
techniques for testing purposes before the more expensive permanent
‘mold is made for mass production purposes. Different techniques and
apparatus are available for producing rapid prototypes. The prototypes
produced ére typically made of metallic corhposites or plastic. For plastic

15 prototypes, acrylic, ABS and nylon are common materials used.

Nylon prototypes are typically produced from powdered nyloh
using techniques such as selective laser sintering, while acrylic and ABS
pfototypes are produced by stereolithography and fused deposition
method respectively. The prototypes produced have a high level of

20 accuracy, but often assume a rough, mat appearance that usually does not

look like their injection moulded counterparts.

Injection moulded plastic, on the other hand, may be produced with
the relevant dyes added into the material for molding, and the high molding
temperature and pressure causes complete melting and mixing of the

25 plastic and dye to form a non-porous, solid part. If texturing is desired of the



part, chem cal etching or sanding is usually perforned on the injection
nold itself, such that the desired texture is automatically created on the
surface of the nold during the nolding process. There is, however
presently no techniques to inprove the appearance of parts produC@&P%gmL
rapid prototyping technique (e.g. to provide surface texturing or
colouring). It is therefore an object of the present invention to provide
a method for inproving the characteristics of porous plastic parts. BRI EF
DESCRI PTI ON - OF THE DRAWNGS Figure 1 is a flow chart to show the nethod
according to the preferred enbodi nent ofgthe present invention. Figure 2

is a schematic di ﬁa{am to show a prjor art rapid prototypiing process. 15
Figure 3A is sPRBrEeTaCRieldiling i sanglinguis distpllycleerforavasher dke mjection msld
prot ot ype due to the esence of mniature steps, Figure 3B and 3C are
schematic di ag?taﬂésvgﬂb%\%et ired extuig 'ﬁaﬁf@'ﬁ%&aﬂy ﬁr.e%ﬁdo@ﬂ ther swface obat ment
according.to t )| rt.(Fig,3B) or the present invention (Fig.30).
- SUMVARY OF THEW@N% I o'fngid“@ 0C%$e present invention provides, in
- one aspect, a nethod of treating the surface of a rough, plastic object to
~produce a high gl odbere: dst inow@vandpoesenty onoedediniduels. tdhimproxer apéd
prototype treated 25 according to the present nmethod assumes the appearance
of an inj ectsi oAPPegrapger of opanss prodsiced by aepid pratptyping Hechmiqusl (hggio cost s
associated with ré)ducr} ng t he ) .

. provide surface texturing or colouring). It is therefore an object of the present

invention to provide a method for improving the characteristics of porous

plastic parts.

10  BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow chart to show the method according to the preferred

embodiment of the present invention.

Figure 2 is a schematic diagram to show a prior art rapid prototypiing

process.

15 Figure 3A is schematic diagram to show surface unevenness of a rapid

prototype due to the presence of miniature steps.

Figure 3B and 3C are schematic diagrams to show the same surface as
Fig.3A but after treatment according to the prior art (Fig. 3B) or the present
invention (Fig.3C). |

20
SUMMARY OF THE INVENTION

Accordingly, the present invention provides, in one aspect, a
method of treating the surface of a rough, plastic object to produce a high
gloss, textured and/or coloured finish. Thus, a rapid prototype treated

25 according to the present method assumes the appearance of an injection



injection nold. This allows greater flexibility for manufacturers producing
products in which market acceptance is highly dependent on the appearance
of the nolded plastic part. Wth the present invention, manufacturers can
now obtain plastic prototypes that closely resenble the final injégt?

nol ded part, .and therefore can obtain better market information before
investing in the permanent nolds for injection nolding. This nmethod may be
applied to porous, sem -porous or non-porous prototypes. 10 The net hod
according to the present invention overconme two main problens presented by
porous prototypes. The first problemis gporosity, which causes nost
surface coatings. to penetrate and be absorbed bel ow the surface, giving

poor coating redNRified paik withoyhihe psushihigh cests aespniated wiuproducingdher esence
f mniat t X 15 the | - by- | f usi . T ‘
over com. 1 hese. THGHPRTRG FTS BRUSCEEAIS ASHBIUN BT GArHRStdere| IoRUgRGp  of
renmovi ng the pores irt1 the rous, part filt | east, .at tHe outer |layers of the
part, followed BYOHCE B, i ATt o aeeaptancey iis | highyy « HepeRANY 198t MBn t he

post - pr ocesst ng 2beagend! HF Thohed bR BT bitor ey Ml ilRntohy ne "
bol yur ot hang (PO freltety b hof Qo R AR A RbspIE Rt ot o
- curing conditiofgal fnfdctioesh ea& '}far?pgﬁ& Cﬁb}‘%ﬁgokwaagﬁm | et f ggettlr abl e

har dener, such as | acquer l"acquer cura y exposure

ultraviol et |igirdmalion HessrbInQeARGaH e bermrhAIRht BetionRBIARY | 21 ©
conditions to give a snoot henedesﬁ@?ace? bll;l t he mlfeg fé,p?@gehropgﬂee odi nent ,
an optional st efhisf metned mgay Depepbhsdad oroube sempOFiis20Phon-porous

prototypes.

10 The method according to the present invention overcome two main
problems presented by porous prototypes. Thé first problem s
porosity, which causes most surface coatings to penetrate and be
absorbed below the surface, giving poor coating results. The second
problem is roughness, due to the presence of miniature steps caused by

15 the layer-by-layer fusion process. To overcome these problems, the
present invention provides a first step of removing the pores in the
‘porous part, at least at the outer layers of the part, followed by a
smoothening process of filling the voids between the miniature steps with
a hardener to give a smooth surface, on which further post-processing

20  may be performed.

In the preferred embodiment, the pores are removed by infitration

' of a curable polymer, such as polyurethane (PU). The infiltrated part is

then cured under suitable curing conditions, followed by the application of
~acoating of a curable hardener, such as UV lacquer (a lacquer curable by
25  exposure to ultraviolet light). The curable lacquer is then cured under
appropriate conditions to give a smoothened surface. In the most

preferred embodiment, an optional step of sanding is performed on the




 techniques are SR

4 snoot hened surface to renove any residual unevenness, followed by
sprayi ng of a second |acquer to give a glossy |look. The surface property
of the prototype at this stage is simlar to that of a snooth in%%ﬁkzﬁp
nol ded part. For coloured parts, spray painting nmay be perforned.
textured 5 parts, sanding is performed. For textured, coloured parts, a
conbi nation of sand-blasting and spray painting is perfornmed. The plastic
product, constructed in accordance with the preferred enbodinent, is nmade
of a porous plastic part with its pore infiltrated with a reinforcenent
pol yner or resin. The exterior surface ofgthe product is 10 coated with a
hardener to provided a spooth surface on which standard surface finish
'é?n%ggvﬁf%‘@. toTreEneVen any pesidudt wnavepnass; efollawpd dr yinces

rangi ng from mat L. oss colopyred to graphical prints that resenble
i nj ection ol dedP Hlﬂﬁf%/% .Se%ﬁl@ﬁ‘é“%rt&ﬂ"(ﬁ Aglossynieekothe srfacamreneiy t he

L M e 1
rapi d prot ot ype_.p aﬁuﬁfﬁ‘g&#@&?f’cﬁt@ys;&@ pQ"étHBq 'Inéyﬁq' Qﬁg?ﬂﬁ%ﬁa{:?fetem%ct

et hods. a6 desclPhgd o8 pEreihed FEFRAHRS, {afledbatitrd Rifibinetitn K7
the. oot heni ng o g B R o e The ' ni at re. st eps-

with a hardener to gjve a . snooth surface on_ which further post-processing
st eps n'ay be per f or %{pl%IC_ pr?dKﬁR C?Ggmcted n accordance Wlth the preferred

-embodiment, is made of a porous plastic part with its pore infiltrated with a
reinforcement polymer or resin. The exterior surface of the product is
10 | coated with a hardener to provided a smooth surface on which standard
surface finish techniques are further applied. The final products may have
‘appearances ranging from mat, giossy, coloured to graphical prints that

resemble injection molded products.

Besides proViding a method for improving the finishing of a porous

15 plastic part, the present invention also provide the unexpected benefit of
increasing the strength and rigidity of the part. Thus, not only is it possible to
improve the outwafd appearance of the rapid prototype. but the rigidity and

tensile strength of the product produced according to the present invention

is also improved.

20 The same methods as described above may be applied to treat
semi-porous plastics. As for non-porous plastics, the appearance may be
improved by performing the smoothening process of fiing the voids
between the miniature steps with a hardener to gi\)e a smooth surface on

which further post-processing steps may be performed.

25




5 DESCRI PTION OF THE | NVENTI ON The follow ng detail ed description describes
the preferred enbodinent for inplenenting the underlying principles of the
present invention. Specifically, a porous nylon prototype obtai TﬂPw%ﬂp]La

e

standard 5 rapid prototyping technique is used as an illustratio
application and wuseful ness of the present invention. One skilled in the
art should wunderstand, however, that the follow ng description is neant to
b e illustrative of the present invention, and should not be construed as
limting the principles discussed herein. In the follow ng discussion, and
inthe 10 clains the terns "including", "shaving", "containing" and
"conprising" are wused in an open-ended fashion, and thus should be

interpreted to DESCRIFTIONDRITRE! INVENTION €D tOo ... .. ". Polymer, resin
and hardener are used broadly to refer to liquid or sem-solid polyneric -

ds that d to formed solidifi . har dened .
compounds Lhat, ey B B ghiREC sibiblon Sdesban, SRR g e
of the pref or r e oA torsrer i, BechBTHist PP oE oS BEou | bo

| ai ned | ic. | i | at : t th
ol o ng spect T o, SHsPall? aHirgl o prBIERS BB b e bakeN | on
bl asti cs.  part i CHIEPiokpRGEaRiqUN LR FHIAIGRS! e o in or oue
porous objects, ysdidhesd &iNtHe prESEMCiiRNtich, SOMedakfleg Ui’ 366 &03dHAM

‘treatnment, and the products derived thereof are also considered
equi val ents. O trederstand,pblodvep) a%dti 98 Falpwing Sieséibtiohed ededtcy g to an

alternative enbodi ment of the present 25 invention. It is also appreciated
“that once a snoillustetigd opthret presemnthitantiod, and shoAlia ®@4 construed as limiting
the principles discussed herein. In the following discussion, and in the
10 claims the terms “including”, “having”, “containing” and “comprising” are
used in an open-ended fashion, and thus should be interpreted to mean
“including but not limited to ....... ", Polymer, resin and hardener are used
broadly to refer to liquid or semi-solid polymeric conﬁpounds that may be

cured to formed solidified or hardened structures. Specific examples of the

15 types of polymer used in each step are described in detail below.

Referring to Figure 1, shows the general steps of the preferred
‘embodiment of the present invention. Each step will be explained n
greater detail below. It is appreciated that although the following specific
examples describe a method of treating porous nylon rapid prototypes,

20  the present invention may be applied to other porous plastics, particulary
thermoplastics. The treatment of other rough, porous objects, that are not
conducive to standard surface coating treatment, and the products derived
thereof are also considered equivalents. Other non-porous plastics may
also be treated according to an aItemaiive embodiment of the present

25 invention. It is also appreciated that once a smoothened part is obtained,




6 various surface treatnments may be applied to obtain various

appear ances. FABRI CATI ON OF POROUS PLASTI C PART BY RAPI D PROTOTYPI NG A
porous plastic part nmay be obtained, for exanple, by a DIW Sinterstation
usi ng the techni que of selective laser sintering (SLS). In this 2 ARCcHB que,
as shown in Fig. 2, a laser beam 22 is traced over a thin layer of powder
24 made of a thernoplastic material such as nylon in the build 10 cylinder.
The powder is spread by a roller 26 over the surface of a build cylinder
28. A piston 30 noves down one object |ayer thickness to acconmodate the

| ayer of powder. The powder is supplied te the build cylinder by the

i ncrenental upward nnvem$nt of the powder deliver pi ston 32 and, the

rolling action JRQYR SUTEGE, BRAIMEBlE MaYm hde qp&ﬁgql el tabtaig ¢ varogswder
where it stri ke% pggﬁr ghe gui dance scanner system 36. The CO2 |aser 34
provi des a conc R 0GP nfrared heati ng beam 36. The entire fabrication
chanber 38 is sealed and naintained at a specified tenperature. Thus, heat
fromthe |aser need only elevate the tenperature to cause sintering,
greatly speeding up the process. A nitrogen 20 atnosphere is maintained in

the fabrication FNBRRSATION: COE PO S PLAYic! BRI fRpiGaL! on
piston 30 is raised to efevate the part. Excess powder fromthe burld -
cylinder 28si s PROTOTPYPSNE] and/ or sanded away to obtain the raw part.

It is appreciated that the excess powder in the build chanber, 25 although
oL SIered Lo e BRL (i B PRECeRRrad, RIRSRE0PIS, B O i, Sl
2904 Sinterstation using the technique of selective laser sintering (SLS). In this
technique, as shown in Fig. 2, a laser beam 22 is traced over a thin layer of
powder 24 made of a thermoplastic material such as nylon in the build

10 cylinder. The powder is spread by a roller 26 over the surface of a build

| cylinder 28. A piston 30 moves down one object layer thickness to

' accommodate the layer of powder. The powder is supplied to the build
cylinder by the incremental upward movement of the powder delivery

piston 32 and the folling action of the roller 26. Heat from the laser melts’

15 . the powder where it strikes under the guidance scanner system 36. The
‘COQ |éser 34 provides a concentrated infrared heating beam.36. The

entire fabrication chamber 38 is sealed and maintained at a specified
terhperature. Thus, heat from the laser need only elevate the température

to cause sintering, greatly speeding up the process. A nitrogen

20 atmosphere is maintained in the fabrication chamber. After the part is fully
formed, the fabrication piston 30 is raised to elevate the part. Excess
powder from the build cylinder 28 is simply brushed and/or sanded away

to obtain the raw part.

It is appreciated that the excess powder in the build chamber,
25 although not sintered to the part during the process, is exposed to high

heat levels close to the melting temperature of the material. As a result, the




7 excess powder tend to |lose part of its ability to fuse together properly
to formthe prototype and therefore are typically not recycled for
successive uses. The part produced fromrecycled powder tends to be even
more porous than parts produced by fresh powder. The post-proces$Rigi(i. e.
5 post-sintering) treatnent according to the present invention, however,
has the effect of reinforcing the part, thereby allow ng recycling of
excess . powder. REMOVAL OF PORCSITY 10 The pores that cause the porosity
of the plastic part are renoved by .infiltration of a curable polynmer or
resin that is of a suitable nmolecular wejght to penetrate the pores
effectively, and of the right characteristics to interact with the plastic
material . The r&xcess powdesteakidd lose part ohitsiabitity toffuses together propgrpitoc

~liquid infiltratant that seals up the pores, at |east on the 15 surface of
the part. Once @i ths piototypé ahd theretone s typically netirecytled far sudcessivemoved
fromthe container, and the infiltrant cured under suitable conditions.
The length of s&8R$nEhe Pad piegduaegsirem reeyscledhpavidentendsftol be savesnmarequi r ed.
- Thus, if conplete infiltration is required to increase strength, then a
| onger period f 8PrUKRAPATS Reduead by frashirawderpdheostpresgssingifitace 20
infiltration is required, then the soaking tinme may be shortened. Table 1
bel ow shovvsgan 8)95%%?@”8@ tFﬁﬂGX‘WFHCaQCquaWQ fathedesentinyentiopeReWPKRNd Naghe
surface of the nfi a part owever ., remai ns al npst as ough as the
o part - 2 Al SUBAC P SeiBiciia B thrShE bl irur chretesing

supplied by Zen%%@\/der.

REMOVAL OF POROSITY

10 The pores that cause the porosity of the plastic part are removed by
infiltration of a curable polymer or resin that is of a suitable molecular
weight to pehetrate the pores éffectively, and of the right characteristics to
interact with the plastic material. The raw part is soaked in a container of
curable polymeric liquid infitratant that seals up the pores, at least on the

15 surface of the part. Once sufficient infiltration has occurred, the part is
-removed from the container, and the infiltrant cured under- suitable
conditions. The length of soaking time depends on the amount of infiltration
required. Thus, if complete infiltration is required to increase strength, then a
Ionger period for soaking is needed for thicker parts. If only surface

20 infiltration is required, then the soaking time may be shortened.

Table 1 below shows an example of how the infiltration step is
performed. The surface of the infiltrated part, however, remains almost as

rough as the raw part.




Resins, Massachusetts, USA. ProcessSubnerge entire part into a container
with the PU for 5-30 minutes. Place part in 60C oven for 10- 20 mnutes to
cure the PU. Resulting PartSurface roughness (Ra) of 7- 10pm Tab_lzeAp]R %Qm
SURFACE SMOOTHENI NG STEP 5 The SLS techni que descri bed above creates the
rapid prototype parts through a | ayer by |ayer heating process. Thus, a
part 42 with slopes or irregular shapes will contain mniature steps 44 as
shown in Fig. 3A. Al though each |layer can be adjusted to as low as 0.1 nmm
t he appearance of the raw part renmains rough if post-processing is not
performed. The 10 only post-processing hod in the prior art to reduce
this stepping effect is to sand down nanually to forman even sl ope 46 as
illustrated in Fig.3B. This takes time, and is only applicable on flat
surfaces. i.e. stepping within the internal areas of the part cannot be
renmoved easily. Sapdtng—etH—atso—has—tha—dsadvrantage—oft—arfeeting t he

di mensi ons of the pMeateriall5 Referring to HiGueB@napdyurethaneofPddnce| with the
present invention,|a hardener 48 is proVild#tantosuppliedtbyugendee sufface of

the part 42 to crefate a snooth surface, |rRBesies, Massachys -.pafts of the
steps 44, as typicppjosesgdone in the prior @idmertdl Sntie i exgd gby filling
the voids 50 between the steps to creatq @n hs&gpg&f &5_Agr fener used
to coat the surface of - 2 APR 2004 9 minutes.
' ' Place part in 60°C oven for 10-
20 minutes to cure the PU.
Resulting Part : Surface roughness (Ra) of 7-
10pm.
Table 1

SURFACE SMOOTHENING STEP

5 - The SLS technique described above creates the rapid prototype
parts through a layer by layer heating process. Thus, a part 42 with slopes
or imegular shapes will contain miniature stebs 44 as shown in Fig. 3A.

- Although each layer can be adjusted to as low as 0.1mm, the appearance

of the raw part remains rough if post-processing is not performed. The

10 only post-processing method in the prior art to reduce this stepping effect
is to sand down manually to form an even slope 46 as illustrated in Fig.3B.

This takes time, and is only applicable on flat surfaces. i.e. stepping within

the intemal areas of the part cannot be removed easily. Sanding off also

has the disadvantage of affecting the dimensions of the part.

15 Referring to Fig. 3C and in accordance with the present invention, a
hardener 48 is provided to built up the surface of the part 42 to create a
smooth surface, rather than to remove parts of the steps 44, as typically
done in the prior art. This is achieved by filling the voids 50 between the

steps to create a smooth slope. The hardener used to coat the surface of




the part should therefore be of sufficient viscosity to remain on the
surface and to fill any depressions causing the roughness on the surface.
An~ exanpl e of a suitable hardener is an epoxy m xture. The nosf ABR@B0érred
material is acrylate oligomer and multi-functional acrylate nononmers cured
5 by exposure to UV light. Table 2 bel ow gives an exanple of how the

snoot heni ng step may be perfornmed. 80% UV | acquer Stargloss G LA

Har dener 2298 in et hanol, obtained from SI CPA Si ngapore. Pte Ltd, Jurong,

Si ngapore. ProcessThe uncured hardener is |ayered onto the part by
brushing. Curing: 10-60 seconds in the ré&omended UV-curing nachi ne at

(R “of 0.2 o, U RS et AoS R Rfhal e e
transparent, cogﬂltgsm_ %’E}p?gbf&s%fnsueadsﬁmgoth% qugw%% O?[Mé ggﬁ@p A ckness

of the coating, e voi In the steps are o produce a col oured

part, an additi gR@hpROSIQ buitdbld ARRfener 8 PAEFAL thikife. UHR Mbsplehstrespme WV
| acquer, nmay be adged and cured as descri bed abo|ve.e No di stﬂo.lrr)ti on or-

nel ting of the matdral iraphfste RAGbmeh ahd PRGNUPBERIEY B6ryRiEd Plorontists TwatD t he

snoot heni ng process.
5 by exposure to UV light. Table 2 below gives an example of how the

smoothening step may be performed.

Hardener v 80% UV lacquer Stargloss GLA
2298 in ethanol, obtained from
SICPA Singapore Pte Ltd, Jurong,
Singapore.

Process The uncured hardener is layered
'| onto the part by brushing. ‘

Curing:
10-60- seconds in the

recommended UV-curing machine at
80w/cm? or :

3-5 hours under full sunlight

Resulting Part Surface  roughness (Ra) of 0.2-
' 0.7pym

TABLE 2

The UV lacquer given in Table 2 produces a transparent, colorless

coating of up to 0.1mm thick. Due to the thickness of the coating, the voids

10 inthe steps are filled. To produce a coloured part, an additional colour
‘pigment, recommended for use with the same UV lacquer, may be
added and cured as described above. No distortion or melting of the
infiltrated part has been observed after undergoing the smoothening

process.

15




15 - 2 APR 2004 10 SANDI NG Al t hough the UV | acquer produces a snoot hened
part, there is certain unevenness of thickness, particularly if brushing
is used to apply the hardener. Thus, an optional sanding step i-5 APR 2004
recommended. In the nost 5 preferred enbodinent, sanding is perfornmed with
two grades of sand paper with a finer grade follow ng a coarser grade. One
exanple is grade 240 followed by 1200 for snoothened parts coated with the
WV |l acquer as described above. Sanding al so hel ps to reduce the thickness
caused by the hardener coating. A very snooth surface with surface
roughness 10 value (Ra) of 0.02pm may bgyobtai ned. SPRAY LACQUER The
surface finish after sanding remains very dull. If a high glossy surface
finish is desi rqu Iﬁ%cond | acquer is sprayed onto the surface. Different
15 types of conmon acquer may be used, for exanple, TS-13 clear |acquer
from Tam ya Corporati on, an. The pr ef erred nethod of application is by
spraying wth aNthﬁ'égrhcﬂﬁl daEgr pioduces @ smogtheped. Bartminero i Fertaln ze. The
sprayed part is then allowed to air-dry. An alternative  nethod is, by
~ brushi ng. DepenHPﬁ\ﬁe'H??SLSh@f thieess, naé'&a'l?év ify9eeh "lgnés ;slée@utor aeglyr ahL@hness
as a result of he S acquer. ste ncrease
Nevert hel ess, EF\%‘@ Pﬁa@t%%l g'g ﬂQQ ﬁeréﬁo Qn?’? ﬁlq B"qséduced
during the gnoo andi n i u
contri but edgby %)Eeje fs_gqfﬁﬂ&‘im"n%’@@% %e'f?fquq QP"’H{?% §Q§§R‘$or
surface finish gboaniibeRbl §RadEPOIRAhEh 238%ePBtdde. %J?'ae example is grade

240 followed by 1200 for smoothened parts coated with the UV lacquer

as described above. Sanding also helps to reduce the thickness caused

by the hardener coating. A very smooth surface with surface roughness

10 value (Ra) of 0.02um may be obtained.

SPRAY LACQUER

The surface finish after sanding remains very dull. If a high glossy surface
finish is desired, a second lacquer is sprayed onto the surface. Different
15 types of common lacquer may be used, for example, TS-13 clear
lacquer from Tamiya Corporation, Japan. The preferred method of
application is by spraying with a fine nozzle spray gun, e.g. 0.3t0 0.5 mm
nozzle size. The sprayed part is then allowed to air-dry. An alternative
method is by brushing. Depending on the type of lacquer used, the
20 surface roughness as a result of the spray lacquer step can increase by up
to 0.8um. Nevertheless, since the surface roughness has been
substantially reduced during the smoothening and sanding steps, the
increase in roughness contributed by the lacquer coating step is still within

the range for surface finish of an injection molded glossy part.

25



- 2 APR 2004 11 COLORED FI NI SH The surface finishing according to the
present invention may be changed fromtransparent to other col ours through
vari ous ways. These include : 1. Mxing suitable dyes into the W Iacazuer
(typically available fromthe 5 sane supplier) such that the col-dukPRi&0k
provided directly in hardener coating. e.g. Lablestar UV opaque yellow 2.
M xing suitable dyes into the [acquer (typically available fromthe sane
supplier) such that the colour is provided in |acquer coating. e.g.Duplo
Yel | ow Pi gnent from HEK GrbH 10 3. Spraypainting of commonly avail able
paint using a fine nozzle spray Tam ya col our. sem gloss black with nozzle
size of 0.3nm AQLARERtFMNISH two or nore of the above nethods may al so
be used. After the spray painting process, other comobn processes, such as

cubic  printing THeOs ks ﬁh\@ﬁ’iﬁg %E@dr&aé it@t@é‘bres}%‘i”ﬂ%nﬂ& Pﬁd\)@?ﬁ%@ﬁ&é g]r;’

stanza transfer 15 nmay be perforned”t vi de graphics

TEXTURLNG I eiohf iraatorths BidPediband fdiigh Yarbud alie dnBes holusse ! aues

such as sand blasting nay be pertforned on~the ossy part before or
after the color - £ ni shi tep.. In al ternative enbodi nent, several
| ayers of pai nt- ﬁ\ﬂ&'n%%@lﬁ% d&ﬁ?d“@h@eﬁﬂyhbﬁﬂ‘éﬁs@ﬂﬁw av@ilghleviom et h the
ure h@ hhe figatl surface, Ta’bl&s 3-5 cont gi n exanpl es
7 a |

| d th t . .
fg iO:JIrugPr a%’eevarﬁ e S8 Al At ihe  eQloy, s REQvided: ditegtly o er

according to the ng i i Tabl e 25 shows the process to produce
a rapid prot otype&{aﬁég' ‘%ﬁgép%&%tgppgx?ﬁ) e-fGQOWPR 2004
2. Mixing suitable dyes into the lacquer (typically available from the same
supplier) such that the colour is provided in lacquer coating. e.g.Duplo

Yellow Pigment from HEK GmbH.

10 3. Spray painting of commonly available paint using a fine nozzle 'spray

Tamiya colour semigloss black with nozzle size of 0.3mm.

A combination of two or more of the above methods rhay also be used.
After the spray painting process, other common processes, such as cubic-
printing (to give wood grain finish), Tampon prihting'or letter stanza transfer

15 may be performed to provide graphics work.

SURFACE TEXTURING

If texturing is also desired for the finished part, techniques such as sand
blasting may be performed on the high glossy part before or after the color
20 finishing step. In an altemative embodiment, several layers of paint are
sprayed onto the high glossy part to provide both the colour and the

texture to the final surface.

Tables 3-5 contain examples to illustrate various combinations of
techniques that can be used according to the present invention. Table 3

25 shows the process to produce a rapid prototype that meets the texture



12 Mr-1055=2, according to Mold Tech Standard with a roughness (Rz)

requi renent of 16pml0% The roughness (Rz) that was achieved by .treating
a sanple through the process described in Table 3 was 14.47pm

TECHNI QUESTARTI NGPROCESS MATERI AL Selective | asebDuraf orm Nyl onSi Z]t'[@ IZQ‘% in
si nteri ngPowder, Si nterstation 2000 to form porous part e.g. smart card

hol der. casing Infiltrationpol yurethane (PU) Soaking part in PU for R 9639
from Neorez, 10 m nutes USA Snoot heni nguUV | acquerl. Apply onto Stargl oss. GLA
2298prescri be surface using a brush. 2. Cure in W chanber for 12 seconds
Spray paintingTam ya Sem -gl ossl. Spray tibree bl ackconsecutive coating of

aint using 0.3 |l e spray. 2. ai nt_under anbi ent conditjons. 3.
gpr ay Vi go?ousl' mﬁ 8%5-‘2, agcorafng %o I\%I% ?echv Standard V?Ith a roug%ness (hz? 4
requirement of 16um+10%. The roughness (Rz) that was achieved by

‘treating a sample through the process described in Table 3 was

14.47pm.

TECHNIQUE STARTING PROCESS
MATERIAL _

Selective lasef Duraform Nylon | Sintering n
sintering Powder, Sinterstation 2000 t
form porous part

e.g. smart card holder
casing

Infiltration polyurethane (PU) Soaking part in PU for

R-9639 from Neorez, 10 minutes
USA

Smoothening UV lacquer 1. Apply onto

~ prescribe surface using
| Stargloss GLA 2298 2 brush.
2. Cure in UV chamber
for 12 seconds

Spray painting Tamiya Semi-gloss | 1. Spray three
black - consecutive coating of
paint using 0.3mm
nozzle spray.

2. Dry paint under
ambient conditions.

3. Spray vigorously at
a distance of about 40-
60cm.

4. Dry paint under
ambient conditions.

5 TABLE 3

Table 4 below shows the process to achieve a MT-11004 texture
according to the industrial standard from Mold Tech. The roughness (Rz)

requirement of MT-11004 is 6.782pm+10%. The roughness_ achieved




a di stance of about 40- 60cm 4. Dry paint under anbient conditions. 5

TABLE 3 Table 4 bel ow shows the process to achieve a MI-11004 texture

according to the industrial standard from Ml d Tech. The roughnes4PR Ba)

requirenent of Mr-11004 is 6.782pnl0% The roughness achieved - 2 APR 2004

13 using the process described in Table 4 was 7.3pm The Part produced

| ooked exactly like the industrial standard. TECHNI QUESTARTI NGPROCESS

MATERI AL Sel ective | aseDuraform Nyl onSintering n

si nteri ngPowder Si nterstation 2000 to form porous part e.g. car alarm casing

25x30mm I nfiltrationpol yuret hane (PU) Soak 'an part in PU for R9639 from

Neor ez, 10 m nutes country? Snoot heni ngUV lNacquerl. Apply onto Stargloss

GLA2298pr escr i #ging thef peecassi desaibbdas Tabk 40wae 7.8umreTHe Partnaodlicddr 20
seconds

' looked exactly like the industrial standard.

TECHNIQUE STARTING PROCESS
MATERIAL
Selective lase| Duraform Nylon Smtenng :
sintering Powder ‘ Sinterstation 2000 to
form porous part
e.g. car alam casing
25x30mm
Infiltration polyurethane (PU) ‘Soaking part in PU for ‘
' R9639 from Neorez, 10 minutes
country?
Smoothening UV lacquer 1. Apply onto
prescribe surface using
Stargloss GLA2298 | abrush.
2. Cure in [machine
name] for 20 seconds
Spray painting Tamiya semi-gloss | 1. Spray three
, black ' consecutive coating of
paint using 0.5mm
nozzle spray..
2. Dry paint under
ambient conditions.
Sand blasting Aluminum oxide 60 | Sand blast at 30-40psi
mesh for 20 seconds
TABLE 4

5 Table 5 shows the steps to provide a rapid prototype of a handphone

cover with a high glossy, grey finish.




Spray paintingTam ya sem -gl ossl. Spray three bl ackconsecutive coating of
pai nt using 0.5mm nozzle spray.. 2. Dry paint under anbient conditions.
Sand bl asti ngAl um num oxi de 60Sand bl ast at 30-40psi neshfor 20 seconds
TABLE 4 5 Table 5 shows the steps to provide a rapid prototype -df APR 2004
handphone cover with a high glossy, grey finish. - 2 APR 2004 14

TECHNI QUESTARTI NGPROCESS MATERI AL Sel ective | aseDuraform NylonSintering in
si nteri ngPowder Si nterstation 2000 to form porous part Infiltrati onNeorez
R9629Soaki ng part in PU for pol yurethane (PU) 15 m nutes '

Snoot heni ngSt ar gl oss GLA 2298Br ushi ng ontg® UV | acquer prescri be surface and
radiate in WY chanber for 15 seconds Sandi ngl. Sand paper gradel. Sand for
20 240m nutes 2. Sand paper grade2. Sand for 10

TECHNIQUE STARTING ' PROCESS

- MATERIAL
Selective lasef Duraform Nylon | Sintering n

sintering Powder Sinterstation 2000 to
. form porous part

Infiltration Neorez R9629 Soaking part in PU for
polyurethane (PU) 15 minutes
[

Smoothening - Stargloss GLA 2298 Brushing onto
UV lacquer prescribe surface and

radiate in UV chamber
for 15 seconds

Sanding 1. Sand paper grade | 1. Sand for 20
240 - minutes
2. Sand paper grade |2. Sand for 10
1200 : minutes

Lacquer coating Tamiya clear Lacquer Spray at 30mm

distance & allow to dry.

Repeat spraying at
30mm distance & allow
to dry.

TABLE 5

For non-porous plastics, the same process as described above

5 may be used, except that the PU infiltration step may be omitted.

From the description and examples discussed above, it is
appreciated that many variations in methods and products are possible

based on the teachings disclosed herein. It is contemplated that many



1200m nut es Lacquer coatingTam ya clear Lacquer Spray at 30mm di stance &
allow to dry. Repeat spraying at 30mm di stance & allow to dry. TA?&E @gFor
non- porous plastics, the sane process as described above 5 nay'@ iy d,
except that the PU infiltration step may be omtted. Fromthe description
and exanpl es di scussed above, it is appreciated that many variations in
‘met hods and products are possible based on the teachings disclosed herein.
It is contenplated that many 15 changes and nodificati ons may be made by
one of ordinary skill in the art wthout departing fromthe spirit and the
scope of the invention described. - 2 APR2004 Repl acenent page - 4 MAR
2003 16 CLAIMS A nethod for treating a porous plastic object conprising :
(a) soaking sai$'358P®a8dpnadiicationd ey bé made by tores aibrdinans kit irathiei at |
reduce surface @go itg Rf sai d object; (b) snoothening said infiltratant
with a curabl e‘& |‘3P§r€'f9 2riRg frpsm e Spiit@nd(thg seepe ofghe ivéntian desaibed2. A

nmet hod according to claim1 further conprising :




(d) sanding said polyneric hardener to substantially reduce roughness. 3.
A method according to claim2 further conprising : (e) applying -g ARRy®Q, of

| acquer on said sanded polyneric hardener to obtain a gl ossy appearance.

4. A method according to claim3 further conprising : (f) colour printing
on said layer of |lacquer by cubic printing, tampon printiReglaeementpfe
stanza transfer. 5. A nethod according to claim3 further conprising = (f)
texturing said | ayer of |acquer by spray painting. 6. A netbddmgcmgi ng to
claim1 wherein said porous plastic objeqgt; is produced by selective'laser
sintering of nylon powder. 7. A nethod according to claim1l wherein step
(a) is performed by - 2 APR 2004 Repl @mg page - 4 MAR 2003 17 soaking
said porous plastic object in a first pol ymer having sufficiently
| ow viscosity to penetrate the pores of said porous plastic object; and
curing said fidst chrasthedjentiaating agorpusiplasticiobjeciorampriging: cl ai m 1 wherein
said curable polyner in step (b) is a UV-curable |acquer, and wherein

curing conprises ex@)sdoafiingSedid povoss! e 65}5&umnﬁlﬁahtéh{_ P diistadtiadly O A

met hod for treating a porous plastic rapid prototype having a r.oug
surface wi th mni at wdeicetsarfacd perosionof seidi dbjget;hod conprising :  a) soaking
said porous plastic rapid prototype in a curable

(b) smoothening said infiltratant with a curable polymeric hardener;

and
(c) curing said hardener.
2. A method according to claim 1 further comprising :

(d) sanding said polymeric hardener to substantially reduce

roughness.
3. A method according to claim 2 further comprising :

(e) applying a layer of lacquer on said sanded polymeric hardener to

obtain a glossy appearance.
4, A method according to claim 3 further comprising :

(f) colour printing on said layer of lacquer by cubic printing, tampon

printing or letter stanza transfer.
5. A method according to claim 3 further comprising :
() texturing said layer of lacquer by spray painting.

6. A method according to claim 1 wherein said porous plastic object is

produced by selective laser sintering of nylon powder.

7. A method according to claim 1 wherein step (a) is performed by



polymer, thereby infiltrating pores of said porous plastic rapid prototype
with the curable polyner; b) curing said curable polyner; c) ap_pj ﬁpfp@ @an
external coating of a curable polyneric hardener, said hardener® hav p]g
sufficient viscosity to remain on said surface and to fill_up said
mniature steps to forma snooth surface; and d) curing Salf‘ WGt page

pol yneric hardener. 10. A nethod according to claim9 further aml sing :
e) sanding said snmooth surface to reduce roughness. 11. A net 208 di ng

to claim10 further conprising : f) appl yipg a layer of lacquer on said
surface to obtain a gl ossy appearance. 12." A nethod according to claim 11

further conprising :soakifgABR 280ds pResfiit astHe@ ik doﬁ@?curaﬂie'\ﬂ?cﬁyr%@i?:ﬁa%ﬁg f)
on

perform ng Tampon printing, letter stanza transfer or cubic printin
sai d surface. 13. Asnfficlentlyfove visdosity tb@embariamtﬂe\ﬂ@%ﬂﬂh&&ﬁ?drd@fs%l@étwpe i's
made from nylon using selective |aser sintering. 14. A nethod according to

claim9 wherein stepb@s}; anshpri ses applying a (UV) curabl e external
coating. 15. A nethod according to claim 14 wherein step (d) conprises

exposing said W cub@ﬁhgsgatﬁgteg,labgg%,irﬂgfto UV radiation. 16. A plastic
rapi d prototype containing pores an n¥n| ature steps on

8. A_ method according to claim 1 wherein said curable polymer in step
(b) is @ UV-curable lacquer, and wherein curing comprises exposing

said UV-curable lacquer to UV radiation.

9. A method for treating a porous plastic rapid prototype having a

rough surface with miniature steps thereon, said method comprising :

a) soaking said porous plastic rapid prototype in a curable
polymer, thereby infiltrating pores of said porous plastic rapid

prdtotype with the curable polymer;
b) curing said curable polymer;

C) applying an external coating of a curable polymeric hardener,
said hardener having sufficient viscosity to remain on said
surface and to fill up said miniature steps to form a smooth

surface; and
d) curing said curable polymeric hardener.
10. A method according to claim 9 further comprising :
e) sanding said smooth surface to reduce roughness.
11. Amethod according to claim 10 further comprising :

f) applying a layer of lacquer on said surface to obtain a glossy

appearance.

12. A method according to claim 11 further comprising :




the surface, said pores infiltrated and sealed with a polyneric resin

| ayer, and said mniature steps snoot hened by a polyneric hardener | ayer
on said polyneric resin layer, whereby further post-processing may P&l
performed on the polymeric hardener layer. 17. A rapid proReplscemnéngagei ng
to claim16 further conprising a coating of high glossy |acquer over said
pol yneric hardener layer. 18. A rapid prototype according ta ¢l MARZ}
further conprising a coating of paint over said polynmeric hardener [ayer.
19. A rapid prototype according to clai m117 further conprising a coating
of paint over said coating of high gl ossy acquer. 20. A rapid prot otype

accordi ng to clai m ¥Ppavierien T&ﬁiﬁérﬁ;ﬂﬁ{tmﬁgleﬁér SBhH tr hs?ert&XédH‘ce rintf

nmet hod of treating the surface of a porous plastic object conprisi
soaki ng the porous pnasid surfabgect in a curable polyneric hardener; - 2 APR
2004 Repl acenent page - 4 MAR 2003 19 srmot heni ng said surface of said

| ast i bj et m j h [
Sai d-curabi e parymer) Meee aeR B Bl BB a6t RGPS & it B4 ur  ner
conprising : d) sang Aﬁmé)dséfé&ﬁ?'laesepgh |c har dener to reduce roughness

of said surface of rous plastic o ct. 23. A nethod according to

claim 22 furth?r comprl sing :
method according to claim 9 wherein step (c) comprises applying

a (UV) curable external coating.

15. A method according to claim 14 wherein step (d) comprises

exposing said UV curable external coating to UV radiation.

16. A plastic rapid prototype containing pores and miniature steps on
the surface, said pores infiltrated and sealed with a polymeric resin
layer, and said miniature steps smoothened by a polymeric hardener
layer on said polymeric resin layer, whereby further post-processing

may be performed on the polymeric hardener layer.

17. A rapid prototype according to claim 16 further comprising a coating

of high glossy lacquer over said polymeric hardener layer.

18. A rapid prototype according to claim 16 further comprising a coating

of paint over said polymeric hardener layer.

19. A rapid prototype according to claim 17 further comprising a coating

of paint over said coating of high glossy lacquer.

20.  Arapid prototype according to claim 19 wherein said coating of paint

is textured.

21. A method of treating the surface of a porous plastic object

comprising :

a) soaking the porous plastic object in a curable polymeric

hardener;




e) applying a |l ayer of lacquer on said sanded pol yneric hardener tl\&( ﬂgt ain
a gl ossy appearance on surface of said porous plastic object. %ﬂ stic
rapid prototype containing mniature steps on its surface, Repaceknenmnge
snoot hened by a curable polyner |ayer applied b y soaking said plastic
rapid prototype in said curable polynmer, wherein said curable} MARy7080

| ayer infiltrates the surface, and said curable polyner having a polyneric
har dener | ayer thereon, whereby further post-processing nay be perforned
on said polyneric hardener [|ayer. 25 A f%api d prototype accordi ng to claim

hardener layer: 2. PR raéﬁwat oliing 578 Setete & i BSQLS miealie"Shieehati  °
conprising a coating §§B%né%éeo§§¥ﬁ'8ﬁ§ggaegon sgl d pol yneric hardener

layer. 27. A rapid proto further conprising a
coating of paint on said polyneric hardener layer. 28. A rapid prototype
according to clai m97 whew#gsaidturableqalymeristhardémer. i s t ext ur ed.

22. A method according to claim 21 further comprising :

d) sanding said curable polymeric hardener to reduce roughness of

said surface of said porous plastic object.
23. A method according to claim 22 further comprising :

e) applying a layer of lacquer on said sanded polymeric hardener to

obtain a glossy appearance on surface of said porous plastic object.

24. A plastic rapid prototype containing miniature steps on its surface,
said steps smoothened by a curable polymer layer applied by
soaking said plastic rapid prototype in said curable polymer, wherein
said curable polymer layer infitrates the surface, and said curable
polymer having a polymeric hardener layer thereon, whereby further
post-processing may be performed on said polymeric hardener

layer.

25. A rapid prototype according to claim 24 further comprising a coating

of high glossy lacquer on said polymeric hardener layer.

26. A rapid prototype according to claim 24 further comprising a coating

of high glossy lacquer on said polymeric hardener layer.

27. A rapid prototype according to claim 24 further comprising a coating

of paint on said polymeric hardener layer.

28. A rapid prototype according to claim 27 wherein said coating of paint

is textured.



