. e3ed(azz{4| L} 6T(FRk 1 PLASTI C COVPONENTS W TH | MPROVED SURFACE

- "APPEARANCE AND METHOD OF MAKI NG THE SAME 5 10 FI ELD OF THE | NVENTI ON The

present inv Mﬂm s to the nmanufacture of i iaets. | APR 2004
Jparticular, mmmm\m ‘ml nvention relates to a “mm“m“m MEH ng I|c:20r ous
pl astic objects «aids«pr oducts produced thereof. BACKGRQNY OF THE | NVENTI ON
Pl astic objects are comonly produced using rapid prototyping techni ques
for testing purposes before the nore expensive pernmanent nold is nade for
mass production purposes. Different techniques and apparatus are avail abl e

for producing rapid prototypes. The prot ot‘ypes produced are typically nmade
of nmetallic conposit | astic. For plastic 15 prot otypesi_3 acrylic, ABS
and nyl on are. corrm)r’?ﬁﬁgmea&QMBQcﬂEWEoW'ﬂbﬂMﬂ}%éh’E& SURBAEE | v
produced from powder I echni gues _such as sel ective | aser
sintering) while acr§PP?%§%%ér®ﬁ%@sogr MAKIDHa HE iSAME
stereolithography and fused deposition nethod respectively. The prototypes
. produced have a high | evel of 20 accuracy, but often assune a rough, mat
appear ance that usually does not |ook like their injection noul ded
counterparts. | nggftp I ,C, on the other hand; may be produced
wth the rel evan't: y%?gm%qm@‘f@eﬁmteri al for nolding) and the high
nol di ng tenperature _and pressure causes conplete nelting and m xi ng of the

2s plastic ahd dye tderRreaen] inantiporelatss tethe tapatacturd of plasticiobjegisi i
desired of the -.2 ~pR Zoe4 2 part, chem cal etching or sanding is

usual | y per f or neRPMiGYar: the prgsent inventien delateselor a method: bftreating poriused
texture is autongti.cally .created on the surface of the nold during the
nol di ng pr ocess%ﬁ@r%bl ?ana\né%ﬁts prosluged thereef. t echni ques to i nprove the

s appearance of parts produced by rapid prototyping technique (e.g: to
provi de surface texturing or colouring). It is therefore an object of the
present invention to provide a nethod for inproving the characteristics of

porous plastic p@A -Gh@tﬁ@)%ﬁﬁ@ﬁﬁ@bﬂ\hﬁ:ﬂ THE DRAWNGS Figure 1 is a

flow chart to show the method according to e preferred enbodi ment of the

present invention. Ejgure 2 is a schematic diagramto show a prior art
rapi d prototYpiing Eﬂ%ﬁs@le&@ fieg GeamIMly Preducachiusingd rapid aprotetypingwy

f . of i.d h f mni
Stepe Four o Rotichies ot MBtiag FRupsdd helgrentip rprehoipaniives pesmaneRbce s
- Fig.3A bgt aft?ﬁol&rig. gggtfog%grﬁj} n ta the prior ar EEénFi gic 3521 or the
' 432« W%&??ﬁ*—ﬁ%%?«ﬁm talechpighegy and ¢
B:gzgm :mm Iiaonai(:gt?’g'h%e)v iia@)lé) A gh ’bh d, of treatin ﬂ\?h%en er?ace‘
of a rough, pl agpl C L(c'%j ec? S gbgu@@ Q' Qﬁpg’f E(g?tytpgﬁt tﬁ@dpé gndies
col oured 111 ni lodaioareoty bRAIE RS o Hfaltd EaimBHHGS BF BRIl For Sablle

present mnethod assunes thé appearance o0
15 prototypes, acrylic, ABS and nylon are common materials used.

Nylon prototypes are typicaily 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

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



- 2 APR 2004 3 nolded part, w thout the usual high costs associated with
‘producing the injection nold. This allows greater flexibility for
manuf act urers produci ng products in which market acceptance is highly 004
.dependent on the appearance of the nolded plastic part. Wth the pr é@&g
invention, s manufacturers can now obtain plastic prototypes that closely
resenble the final injection nolded part, and therefore can obtain better
mar ket information before investing in the pernmanent nolds for injection
nol di ng. - This nmethod nmay be applied to porous, sem -porous or non-porous
prototypes. The nethod according to the prZsent invention overcone two nain

bl - pr Qt . The first obl J ity,
Wi chcauses moBi<a PRl SPiY & BBEs Ry b doretesl oh TR bk BEIGw ¢ he
o the. prasence S sttt 1Ad deSRHY \@uub IR RRAaR) BRaEan 1 RE0E oF st on
process. To OY%QHBIdtd‘Lﬁﬁg ﬁ&(}ﬁﬁgﬂgwrg)g&spresent i nvention provides a first

. step of renoving the pore rous part, at least at the outer |ayers
of the part, followe b'y a spoot hening process of filling the voids between
the mniature steps WM i5nBPWeYR: p@sgntly Bosteahniguear tacimpronewthe h

further post-processing 2 be perfqorned. In the preferred enbodi ment,
the pores ar8 r%mﬁ%ﬂ" ofrﬁrgﬁgt Przﬁ’pﬂﬁﬂdg?y daﬁ'drﬁ'[ﬂt@tYBg\Qym*%‘@c(ﬁ-g-s'(0
pol yur et hane (PLU). . infiltrated rt. is.then cured under. suitable
curing conditi oarjl% }"d%%r"g%p@gmgﬁ cﬁE’HFF@a#i'%ﬁ‘eB‘?m@ anakiesipfde Rrasenhpl e

har dener, such ; | ac l. e S5_exposure to
ultraviolet i gﬂ??%h@ @ﬁ 4 % %g@ﬁ:gigforﬁ@wﬁ/ér}g ?’d%l 85%&8@?"0%8&&%?9% e
condi tions to ghp&cGatfE00t hened surface. In the nost preferred enbodi nent,
an optional step of 'sanding is perfornmed on the - 2 APR 2004 4 snoot hened
surface to renove any residual unevenness, followed b y spraying of a
second |l acquer to give a glossy |ook. The surface property of the prototype
at this stage is simlar to that of a snoboth injection nolded part. For

col oured pafnos, BBRIEF PESCRIRTION OF THE DRAWINGS' textured 5 parts,
sanding is perfomed. For textured, coloured parts, a conbination of

sand- bl asti ng p WAt i j S for The plastic product
constructed i anla %%riig}%cée)ﬂ\l?\nwt ﬁ%}‘ﬁh{e0 f)"ﬁ@&eﬁ'?gﬁgg}%ﬂaf’ﬁgﬁ'{’? Psﬁ‘ﬁaa@?%}?e%
porous plastic, i | bl hirated with a reinforcenment pol yner
or resin. The eirf}g?cihménggig%c@eégnttlﬁ&eér{g&éduct is ~ o0 coated with a hardener
to provided a ot h_surface on which standard surface finish techniques
are further appld¥W8. 271Re SeheMals: diagran teeshaw e Riiop i sapid sprosetypiing f r om
mat , gl ossy, c%@gr ed to graphical prints that resenble injection nolded
products. Besi "f)?sovi ding a nethod for inproving the finishing of a
porous 15 plastic part, -the present invention also provide the unexpected
benefit of 1hcriigwenA tiheschemaiinytiageam toi shaw tsurfade tuneveridss dhasrapidt only
is it possible to inprove the outward appearance of the rapid prototype.
but the rigidi tRfoldtPe durla hiequresenpeofaninidterepstepsict pr oduced according to
the present invention is also inproved. 20 The same net hods as descri bed
~ apbove may be arfyured3B Qrid 86! aRsoRRES adtams thCShovthd Sami"BuRRbOLS

pl astics) the appearance may b a inproved by perform ng the snootheni ng

process of fil ifig.3Aautafted rehipient @Bcdrtig 't thébHb g (KIS 3B) b tie prsepner to
give a snooth surface on which further post-processing steps my be
performed. 25 invertion®RIgZBOW 5 DESCRI PTI ON OF THE | NVENTI ON The fol | owi ng
detai |l ed description describes the preferred enbodi nent for inplenenting

t he underlyjgg principles of the present invention. Specifically, a porous
nyl on prototype obtained by a standard 5 rapid prototyping technique is
used as an illus [ f the application and useful ness of the present

i nvention. One é&ﬁmgﬁﬁQﬁJ%ﬁth‘MﬁMT@Nnderstand, however; that the

fol'l owi ng description is nmeant to b a illustrative of the present
invention) and shoulAtcomdindlp, tengiresent @wehtioh tpragiddde iR bRE! BEESctdi §cussed
herein. In the follow ng discussion) and ~ the clains the terns

© "including", "havnethgd of treatingithe sigfacarnd a'ioagh) plasticaobjestetoysedutd adiigh
open-ended fashion) and thus should be interpreted to nmean "includi ng but
not linmited to .gl0ss,. textured|andor, colewed finish. uudeacrapid prototyhd trmtéd t o
refer to Ii%;id or sem -solid polyneric conpounds that may b a cured to
formed sol i 4 f i eafcardingatofbrdrresentupethodsassgpasi thecappeammaesofodn infestiars t ypes
of polynmer used in each step are described in detail below Referring to
Figure 1, shows the general steps of the preferred enbodi ment of the
present invention. Each step will be explained n greater detail below It
-i's appreciated that although the follow ng specific exanpl es describe a

L . . - g o~ o " - -




- Z APR 2004 s~ various surface treatnents may be applied to obtain various
"appear ances. FABRI CATI ON OF POROUS PLASTI C PART BY RAPI D 5 PROTOTYPI NG A
porous plastic part nay be obtained, for exanple, by a DITM Si nterstgﬁrﬁ' E
.using the technique of selective laser sintering (SLS). In this telc ﬁ]%
as shown in Fig. 2, a laser beard 22 is traced over a thin |layer of powder
24 made of a thernoplastic material such as nylon in the build 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 accommobdate the
| ayer of powder. The powder is supplied ta@gthe build cylinder by the

bgﬂ "o act 35“’3#“%‘(@ Paft t&'étﬁf@gf tﬂeﬁéﬁﬁuogfﬁirghqdq%'ﬁitsv%sﬁ@%t%ﬂﬂ:tb3&935?% damder
i i : i 36. T 02 34

or g:vﬂii des 2 Ebnﬁigléggﬁaﬁqﬁf ?ﬁ%@@gﬁgaﬁgﬂwﬁ@éﬁg gr'm@nghpﬁreés f%ﬁsliiqei% Cor
chanber 38 is segl cfan %@ia"%'a% a ia?lgg'ps'?wtlf erartgquehia. P-l!'- S eat
iromthe 1aser nEEG°S P UL vepirisur. WKt comde

the fabrication %‘Illﬁabr%er .&th@}% Phoid%ir@gﬁ@ P§ﬁ1 %F%rﬁﬁd?@%‘?@tf'ﬂ}ﬁ?'?t@gti on

! 30 i i iyl d
Pyt nder 28 7 s srenHieB R o B el SRR sl ke g 1
L3 apprect ated 1Rl AN IROOAOPHA! At fiSieRie | Corf TUHIRAI befiar RARKON Nt

sintered to the part during the pfrocess, is expos eat vel s

close to the nelinfonpaticrbefors Unvostihg il theBdRidndht mdidsfor et ling, - 2
APR 2004 excess powder tend to Iosge part of its abili tyﬁtﬂo Pﬂsntéatalg et her

‘properly to fornThisiengthotdomayebanappliver & porows, esérirperalis yom abniparyied ed for
successive uses. The part produced fromrecycled powder tends to be even

nmore porous t harPi9¥etypepr oduced by fresh powder. The post-processing (i.e.
5 post-sintering) treatnent according to the present invention, however,

has the effext of refhef @etidtDadddrdi ; i . i
excess . powder. REMOVAL OF P?]?OSI'@HIthoet L?t%%@ﬁ%np 2%&&%?\%{%(5@% 6(;%;%‘1 osity

of the plastic paoblems Emw@éu bby pbidust TibioWped. aheUtiRb! SropniM or

resin that is of a suitable nolecular welight to penetrate the pores

effectively, andarbsity)ewhichhcaadear asdstr s@tdces céatings! & Pehetvate dnidle bY asti ¢
material. The raw part is soaked in a container of curable polyneric |iquid

infiltratant thabsosbed helowhthepsudace, afivihg amtorooating résuitss MHoaeecerid t he

part. Once sufficient infiltration has occurred, the part is renoved from

the container, diableAeisirapghnessatueto $w presence of mitistarecstegstéaussd bihe

- length of spaking tinme depends on the anmpunt of infiltration required.
Thus, if colfl ettgei'ﬁ}’?frw- yieh fusien rrrgaessedl @ evercaneasbese rprobtams,t then a

| onger period f S0akij ngmiﬂ.s needed for, thicker parts. If only surface 20

' ibn}‘i I trﬁti on i s%@ﬁ%ﬁqr%, He R %]E?alﬂfsh@% Rl FamyoviRg sth@][@@'ﬁédin ‘Uﬁﬁbl el
- S0t _. ; T

aurface of the BAORY it S e % b eiter e it el IelnEhibagt t he

il red by zendhoutRif Brocuss'd MG HTE OB R RET YRR stefts: wit oo

i nto acontai ner g\haldeh&etd Hi A '&gfa : [ ) for :
10-20 mnutes to cure the U.e%éssl?\.'?&;mg a??’sﬁ}r}]?‘g@‘éwﬁ%ihghR)eoggg(%%gigo% 10
m Tabl e 1 ZBURFAREY BYPEHdrMdy> STEP s The SLS techni que described above
creates the rapid prototype parts through a |ayer by |layer heating process.

steps 44728 ﬁﬁiwvf it ”‘ﬁeg&%iﬂ?er%?hﬁﬁhgétaifﬁ'ﬁaBﬁgsﬁérwé%rﬁcrﬁ&?éﬁ'ﬁr@' 3 as | ow
0.1 : i i - i
?idnot . mé‘_er'? orene%gf’f%%ﬂ%?@&ﬁy& o8 BF bl ARATIPL e EREEH: B i T ls't o
46 s i1l ust r at b eurl WPl S B30 Aofe Tofiouda b, (R ShtatiFBr o "
{12t surfaces. iadoais 6P ol Haidenh & AYo8 WY 287 Es BEqddpalb th2 N0t

be renoved easily. Sanding off also hds the sa g the

di nensi ons 2sf tlwpbgmfe td UlnfiGIer lighd). {TheiclrabR- 1ol s IRGP R gk h the

present invention,
~ appropriate conditions to give a smoothened surface. In the most

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



hardener 48 is provided to built up the surface of the part 42 to create a
"snooth surface, rather than to renove parts of the steps 44, as typically
done in the prior art. This is achieved by filling the voids 50 bft@gﬁ@ t he
.steps to create a snmooth slope: The hardener used to coat the sur & #

- 2 APR 2004 9. 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 exanple of a suitable hardener is an epoxy m xture. The
nost preferred material is acrylate oligomer and nmulti-functional acrylate
nononers cured 5 by exposure to UV |ight. 4flable 2 bel ow gi ves an exanpl e of

LA 2208 in ot nenaPHeEBeERAR 4B RS ER R, ineveengsal oA Y

or uShi g, Cur | ng: TUAEB SR ateor e EREF 1 BiveC lrsilodk, e Silaen Phepatow cn

58 T b o A5

bR R O et Ul e A b
ove. Istortion or ne

may b a added and cured as described a of the

infiltrated partsdmbblasting a:b@epmzl aiit risﬁaﬁsfngéa.ng t he snoot heni ng
process. 15 - 2 APR 2004 10 SANDI NG Al t hough the UV | acquer produces a

thened part, thepe | t aj _of thickness, ticularly 'rf
brushing is used to H5pPESHE Pk fORSTUGES In’ 3RooATIog Wit sHAGPTRBreedp | s
ded. | i pEnt ing i. formed with
o ot ades of | samBodfEnt ds Ml bomiS BUSTE Bek it s BteBntaRagifie. “one
anple is grad - i.th th
OV T Bcquer 96 daorotoemont pBRm. a6 Fosin.oThe e \Ritab (el RISl i ness
caused by tte hacroﬂﬁtewnh%ahérdénerﬁov;ﬂbwd%@oﬁtﬁnédthff%ﬁ@%bhﬁ%ﬁﬂ%d |
. e

roughness 1 o0 value (Ra) of 0.02Nm nmay be obtal ne

surface finish afurlace fimishitevhniqaes arsfutheyapplidd. The findlipsbdutt9riay Ravd ace
finish is desired, a second |acquer is sprayed onto the surface.” Different
15 types of conmfppeasnpes ranging frem sed, glossy,caclomed. to T Yrdphict Printsafarer
from Tam ya Corporation) Japan. The preferred nethod of application is by
spraying with a resembledpiection madedypnoduetsg. 0.3 to 0.5 nm nozzl e size. The
sprayed part is then allowed to air-dry. An alternative nethod is by

rushi 9. | ehendt no Bsiddieptodtinga htieetor AR o st 668 ppaisness

as a result of the spray lacquer”step can 1Inc

Never t hel ests, plastie pahtetheupicaent invuiieaRo TRoviRe heStSittd R Ibonefie gt ced

~during the snmoothening and sandi ng steps, the increase i'n roughness

contri but ed by incneadingtheetrengtht drmigigidiyrof ittse part.Thusj hdtiohly keit passBld &
surface finish of an injection nolded glossy part. 25 -~ 2 APR 20D4 11
COLORED FI NI SHinmpeovedhe aubvardrapplearancacsfdhel ragd poototypepbatteetrigidityearid on may
be changed fromtransparent to other col ours through various ways. These
include 1. M x!§{§ie streagiheofdhe prodiics produced acootding to theppresehty inveatidrabl e
fromthe s sane slugplier\) such that the colour is provided directly in

har dener coati R °8 WYPrQ¥e6t est ar LV opaque yel | ow.

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 filing the voids
between the miniature steps with a hardener to give a smooth surface on

which further post-processing steps may be performed.

25




2. Mxing suitable dyes into the lacquer (typically available fromthe sane
‘supplier) such that the colour is provided in |lacquer coating. e.g.Duplo
Yel | ow Pi gnent from HEK GrbH. 10 3. Spray painting of commonly avai hejogy
-pai nt using a fine nozzle spray Tam ya col our sem gl oss black with nozzle
size of 0.3mm A conbination of two or nore of the above nethods may al so
be used. After the spray painting process, other commobn processes) such as
cubic printing (to give wood grain knish), Tanpon printing or letter stanza
transfer 1 s may be perforned to provide graphics work. SURFACE TEXTURI NG
If texturing is also desired for the fini $hed part, techni ques such as sand
bl asting may be perforned on the high glossy part before or after the col or
20 finishing ste[SESQRIRFFIQIN OFaTHECINVBENTIONNt , several |ayers of paint
are sprayed onto .the high glossy part to provide both the colour and the

Vari ous combi nati ona ot Caafing; Heed UeEisEhT SABLET bRy st ©

. ‘i ' . .
EM tTyphtSPt ;%E?FE@‘ ?85?’8?%%-"“?e‘i‘\gm'“ysz’%ﬂ%%?f3‘!‘%’5’@%}385 ng to
roughness (Rz) t hatnﬁbwg'ssg?:ﬂ?%?}ghgg)%&%ggt{)ﬁ%b@?@rrtg Pg'?%(fg 8&% éﬁaﬁggr;dr ocess -
described i 5 Tabapidprowtypidg wmquswwg%m%{%%ﬁég@gg@o@ﬁr ective

| assDur af orm Nyl onSi nteri ng nsinteringPowder, Sinterstati o m

porous parte.g. usefulnessaoll thel prssensi ingbrtion. t Oabi ekied YH' gidadre dhguidSoaki ng
part in PU forR-9639 from Neorez, 10 m nut esUSASnoot heni ngUV | acquer1. Apply
ont oSt ar gl oss . @ngerstyglr bewevére that fthe cfollewingadbsariptior . isCrveant ntoUd e
chanberfor 12 seﬁgndsSpra pai nti ngTam ya Sem -gl ossl. Spray

t hr eebl ackconsedlyshativeefdhe presenbinvantian and sbodidmeb bel eonstrueg a8 lintiing pai nt
under anbi ent conditions,3. Spray vigorously at a distance of about _
40-60cm 4. Dry [I§ RngiRles: dissussad betein-tIndhe. folowing) discussion, @nd Bethew shows

Standar d 1 8m VEERNS dfie Tors “PetigineE e biaviel, Cariainramand Somamesiond <

6. 782pmL0% The chi ev .- 2 APR 2004 usj n h rocess
COE OO dy it apihd 5 L fs il S
Nyl onSi ntering . ﬁﬂsfi'ﬂggbrglﬁnwggﬁgﬁg Hter I %ﬁ%‘b apgﬁbq’ﬁ?rﬂﬁfr%’ﬁsusﬁ te.g.
For R9639 T om Nar 10 s o dae el caRRfel PATRRLDAY vig iy Be™

ont oSt ar gl oss GecdasiPRroeasd sOIRIiffdd drafefd é*ﬁdqﬁﬂlcﬁfr%%.:saﬁyectif%’ée)gbrﬁﬁleégpm nenane

for 20 secondsSpray paintingTam ya sem -gl oss1. I"ackconsecuti ve

coating of pai nt typesmaf palymenosed e edghaitep dre §5dcribet deiigsasR] ent -
condi tions. Sand bl asti ngAl um num oxi de 60Sand bl ast at 30-40psi neshfor 20

handpnone cover i t RO 1OJTBWEY T, SHERE R, ik Siefs SRt RSl ' °
nsi nteri ngPowder AR ATSTaC) oo B0 ok ort et et M e PR BP .

nsi nt eri ngPowder Si nt erstati on rm por ous

RO629S0aki ng pagtedter ddtail BERW. VIV ICARHBSIaf i i
m nut esSnoot henigngSt argl oss GLA 2298Br ulgh%?#\%hag%?%%‘\?q g]gqﬁg?v;\)"rngs?:e?cgg

surface andradi axampldd/deberitieea noethdd oﬁmmgtﬁﬁéﬂﬂsﬂ%on d prapstypgsadel.
Sand for 20240m nutes2. Sand paper grade2. Sand for "101200m nut esEacquer

coati ngTamR9a ctheapresentjimvestiornmaytbSapptitidstoaother gorauis Plasties dparticéatat
sprayi ng at 30mm di stance & allowo dry. TABLE 5 For non-porous plastics,
the sane procesthemmoplasties. the teatment ohetheb roughe porauscelpjectshiiat aireenétU
infiltration steg may be omitted. Fromthe description and exanples

di scussed aboveConquaVe tg stansiard swrfcerneating: treatmant,aancthe produetsidarivesnd
products are pogsible baﬁed on the teachings disclosed herein. It is
contenpl ated th erﬁg{,ﬂ;e also considered equivalents. Other non-porous plastics may

also be treated according to an alternative embodiment of the present

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



- 2 APR 2004 15 changes and nodifications may be nade by one of ordinary
‘skill in the art without departing fromthe spirit and the scope of the

i nvention descri bed. 2 APR 2004 Repl acenent page - ~ MaR zoo3 ,6 CLAI MS
-1. A nethod for treating a porous plastic object conprising (a) —ﬁoAﬂRiZB&{o
said porous plastic object in infiltratant to substantially reduce surface
porosity of said object; (b) snoothening said infiltratant with a curable
pol ynmeric hardener; and (c) curing said hardener. 2. A method according to
claim1 further conprising (d) sanding said polyneric hardener to
substantially reduce roughness. 3. A neth& according to claim2 further
conprising (e) Ln yer of lacquer on said sanded polyneric

har dener to obt Z‘{éﬁbgég%@%éﬁaaﬁﬁé@?%mﬁe?“ﬂy Eene?ﬂglf‘gc%rBBWtdaﬂP%m 3
further conprisi e%iénc%%' our printing on said |ayer of |acquer by cubic
printing, tarrponétg)ri nting or letter stanza transfer. 5. A nmethod acxording
to claim3 further conprising (f) texturing said | ayer of |acquer by spray
~painting. 6. A nethod according to claim1l wherein said porous plastic
object is produced by selective |aser sintering of nylon powder. 7. A

nmet hod accor di nFABRICATION WSE e poRs( a};Ly\%-ﬁer f ¥ g%jvecﬁl_ﬁ,mDR 2004

Repl acenent page - 4 MAR 2003 soaking salrd porous plastic na first

curabl e pol yoner PROTQTYFINGi ently | ow viscosity to penetrate the pores of
said porous plastic object; and curing said first curable polynmer. 8. A

?&fﬂﬁfaﬁféc’[glgﬂﬁé"’@kgi TS PRHC i e SkiRgEs 185 RamRee v ANDEM ;EL. o
PSS, S, B Bl B L7 5
ol yrer | Chor ebyoutride: A snBRh i ik 20 taser halinaa BB Bk BYRRS! oty pe
wi th the curabl popalerned imide &f'd HenhBpsfd bl BRLY BB Inyldh) in?PR! kit an

external coating of a curable polyneric er, sal rdener "having

suf fi aent vioscosylinderoThe paivdepris preadshy ffRera8! oler fid durtébe Thilbiid! at ur e
steps to forma snooth surface; and d) curing said curable polyneric

har dener. 10. Aciindes28&cAopistorg 300muvelsmi8whubhé esbjeetRIyep ithigk®dssS&Ndi Ng
sai cl smooth surface to reduce roughness. 11. A nethod acCcording to claim

10 further conp@ceemmadaterths yenobpowger. Tife pawderis supphistictostiiel BaiRl t 0

obtain a gl ossy appearance. 12. A nethod according to claim 11l further
conpri sing - CZR byothe ivspereerdaleupwardgmovement of the powder delivery
piston 32 and the iolling action of the roller 26. Heat from the laser melts’

15 . the powder where it strikes under the guidance scanner system 36. The

‘CO.‘, Iéser 34 provides a concentrated infrared heating beam‘36. The

entire fabrication chamber 38 is sealed and maintained at a specified

temperature. Thus, heat from the laser need only elevate the température

o 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. éxcess

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



- 4 MAR 2003 18 t7 perform ng Tanpon printing, letter stanza transfer or
"cubic printing on said surface. 13. A nmethod according to claim9 wherein
said prototype is made from nylon using selective |laser sintering. 14. A
-met hod according to daim9 wherein step (c) conprises applying a7 (ABR)004
curabl e external coating. 15. A nethod according to daim 14 wherein step
(d) conprises 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 polyneric resin |ayer)
and said mniature steps snoot hened by a pol yneric hardener |ayer on said
polyneric resin | ayer, whereby further post-processing nay be perforned on
t he pol yneric haf Pavedasitend to losemapt of iis ahility ytp dusectogettierpropedyiton 16
~further conpri sifr%gm% coating of hi gh@fgl ossy |l acquer over said polymeric
har dener | ayer. N the piplotyRs ¥ ifgsefor: atsr typieglly pobescyeled forsudsessive

OO 8, oWl B84 B 5 b S By o e
T, e B RS o Bl Ak
oL, LI 2 R BT B o BRI 01, bt '
e sceTert oo, SRR e SRR o 56, el o

curabl e pol ynerigokasgdener. 22. A nethod according to claim21 further
conprising d) sanding said curable polyneric hardener to reduce roughness
of said surface of said porous plastic object. 23. A method according to
claim 22 further conprising e) applying a |l ayer of lacquer on said sanded
pol yneric hardener to obtain a gl ossy appearance on surface of said porous
pl astic object. REMQVAL2OF PORESITYr ot ot ype containing mniature steps on
its surface, said steps snoothened by a curable polyner |ayer applied by

curabl 8 pol yrer 1 ayar e ep Meeald e orp R oriHa Rikslo PR A kom VB R s+
having a pol y TerinfitraihAsing outable bolyAide 8P redi A G & NehtaBBS hiRlcAiRPSS! N

may be perforned on said polyneric  hardener | ayer. aprd prototype

according to daiweigﬁt foperierats HEPoras et ,t&Wonhem'cdglgr Irﬁétéﬁstfcé‘f&“er on

said polyneric hardener layer. 26. A rapid prototype a ng to daim 24

further conpri siintgrest withithe plastic hatbriall PR6 Yal 35t/ &y sedkewinCa RBhIAIFRF iof
hardener | ayer. 27. A rapid prototype according to claim?24 further
conprising a coauraije polymaénid liquid infitredtapbthahesals upathdgrsres) atyleast 88.thé\ r api d
prot otype according to claim 27 wherein said coating of paint is textured.
Al AaLl . AalP. Aseurage AR the. paat. ADnee Isuffigiensdnfitiaiomhas3 oBcultdd, the part is

Ay, A3 AL WN s3CBp@BG ~yt oj e’ [ V] ca] cal ca&calca] cajc

a] ca] ca] ca] ca] cdPRQVES] dront theapentaiper cang cthipc dffitrant aourech] wider ashitatle ca] cRa

: R al ? -
I ca] cRa] ca conditions. The length of soaking time depends on the amount of infiitration
required. Thus, if complete infiltration is required to increase strength, then a
longer 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 patrt.
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y# 1096& ()- &'oifﬂ?@g%lle(r)sﬁa@e@%vﬂl chilait hifiafire dfeps 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 redLlce 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
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the paﬁ should therefore be of -sufficient viscosity to remain on the surface
and to fil any depressions causing the roughness on the surface. An
example of a suitable hardener is an epoxy mixture. The most preferred
material is acrylate oligomer and multi-functional actylate monomers cured

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

smoothening step may be performed.

Hardener 80% UV lacquer Stargloss GLA
2298 in ethanol, obtained from
SICPA Slngapore 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 i

3-5 hours under full sunlight

Resulting Part Surface - roughness (Ra) of 0.2-
0.7pm

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
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. 9. 1. G xnbCOHH! &&Y10%4| & ()- 10 h 10 h 10 h 610% h& ()- 410%
h& 2 0% h& (), /10% h dL2C09< 10%t| & () -9<
10%&? & ()- 90< 10(& h@ug !(begtjgmpngr)prgduces a smoothened palrt t}(%re is certain
0, - 0,
10%& () - s10 /eo'ljnevg%nééé 'o'f'thlcﬁness, pamcularly if brushing is used to apply the

hardener. Thus, an optiohal sanding step' is recommended. In the most
5  preferred embodiment, sanding is performed with two grades of sand
paper with a finer grade following a coarser grade. One 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 thevsurface. Different
15  types of comrﬁon 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. 0.3to 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 dsed, 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
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The surface finishing according to the present invention may be changed

from transparent to other colours through various ways. These include :

1. M'ixing suitable dyes into the UV lacquer (typically available from the
same supplier) such that the colour is provided directly in hardener

coating. e.g. Lablestar UV opaque yellow.

2. Mixing sui.table 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. |

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

Tamiya colour seniigloss black with nozzle size of 0.3mm.

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

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
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

shows the process to produce a rapid prototype that meets the texture
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TECHNIQUE STARTING PROCESS
MATERIAL

Selective lase{ Duraform Nylon Slntenng
sintering Powder, Sinterstation 2000 to
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 a 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 wgorous!y 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 6.782um#10%. The roughness achieved
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V10% & ()-Z V1esing the-provessdeséiibet! \WFablERFREaS 7:3)im VIBo Bart Jpréduced

looked exactly like the mdustnal standard.

TECHNIQUE STARTING PROCESS

MATERIAL
Selective lase{ Duraform Nylon | Sintering -
sintering Powder ‘ Sinterstation 2000 to
form porous part
e.g. car alaim casing
25x30mm
Infiltration polyurethane (PU) ‘Soaking part in PU for |
‘ R9639 from Neorez, | 10minutes
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.
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MATERIAL
Selective lasef Duraform Nylon | Sintering
sintering Powder Sinterstation 2000 to

form porous part

Infiltration Neorez R9629 Soaking part in PU for
polyurethane (PU) 15 minutes
il
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
Lacquercoating Tamiya clear Lacquer Spray a  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
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without departing from the spirit and the scope of the invention described.
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CLAIMS
1. A method for treating a porous plastic object comprising :

(a) soaking said porous plastic object in infitratant to substantially

reduce surface porosity of said object;

(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 :
(f) 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
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soaking said porous plastic object in a first curable polymer having

sufficiently low viscosity to penetrate the pores of said porous plastic

object; and
curing said first curable polymer.

8. A method according to claim 1 wherein said curable polymer in step
(b) is a 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 vapid 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 saicl smooth surface to reduce roughness.
11. A method 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 :
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14. A 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 dlaim 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;
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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 infiltrates 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.  Arapid prototype according to claim 27 wherein said coating of paint

is textured.



