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YD HO & ASSCC -~-~-~ | POS-2 f~] 003/025 2 APR 2004 PLASTI € COVPONENTS 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 .pl ag?im:R 2004
objects. In particular, the present invention relates to a nethod o
treating porous plastic objects and products produced thereof. BACKGROUND
OF THE. I NVENTION Pl astic, objects are commonly produced“mmﬂMEWWﬂum
prototypi ng techni ques for testing purposes before the ve
permanent nmold is nmade for mass producti on, purposes. Di f f erastest echni ques
and apparatus are avail able for producing rapid prototypes. The prototypes

produced are typical - by i £ tic. For plastic
1s prototypes, acryl'iblbé{'\sjg% gr?ﬂﬁﬂ%@%%%@&ﬁﬂﬁuh%&& Nyl on
prototypes are typi CAPPEARANCE OMEINED" ' i i ques such
as selective laser sintering, vm?'l“gna?ryl I cBaﬁg: E(V’ER@“%‘?E@%{ %E@@Eare
produced by stereolithography and fused deposition nethod respectively. The
prototypes produced have a high | evel of 20 accuracy, but often assune a
rough; mat appegLs sual |y does not [ ook |ike their injection
“nmoul ded counter3:53!'&3).6C#'}'Jnj%I i'WE%ﬂQNd pl astic, on the other hand) nay be
produced with 'the rel evant dyes added into the material for nolding, and
the high nol&ding t effherreser invahtion eslaeso G FRALERTR 6¥4§|a§ﬁé ab,;éetsaw-
m xing of the 25 plastic and dye to forma non-porous, solid part. Tg
texturing i s dedi@ieylaptthenpresentl bveBtict OdlatdEo0 a3Rel b Ity
LAWRENCE YD HO gl%qQO -~-~-~ | POS-2 ~ 004/ 025 - z ~pR zao~ 2 part,
'cs"gﬁ%‘?tﬁS"FQ’m Pipdyeed theteef. ' 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 i nprove , the ~5 ~ appearance of parts produced

by rapid protot BACKGROUNDUDF(THE INVERI@NIe surface texturing or
colouring). It is therefore an object of the present ‘invention to provide a

eSO PTy o O e R IR AL i B g P minon

Oow a prior art rapi t
/5 Figure 3A i smolhdsraade domonass produbioh Plrpases, UDREANCRShAuas 4R ¢

apparatus are available for producing rapid brototypes.' The prototypes

.according to tteehﬁq&é@ffére%sﬁﬁ%qﬂi'rﬁsﬁs Yotdraey ﬁfcgglto ?' e\él[e% ?ﬂ%&"ﬁf‘ée Lgur e

produced are typically made of metallic composites 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 acryiic and ABS
pfototypes are prdduced by stereolithography and fused depbsition
method respectively. The prototypes produced have a high level of

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

look like their_injection moulded countetparts.

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 forma non-porous, solid part. If texturing is desired of the
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prototype due to the presence of mniature steps. Figure

- schematic diagranms to show the sane surface as Fig.3A but after treatnent

according to the prior art (Fig. 3B) or the' present invention (Fig.3C). 2Q
SUMVARY OF THE 1 NVENTI ON Accordi ngly) the present invention provi deslé%ﬁerﬂ
one-aspect, a nethod of treating the surface of a rough, plastic objeCt W
produce a high . gloss) textured and/or coloured finish. Thus, a rapid
prototype treated . 25 according to the present nmethod assunes the
appearance of an injection 18/ 0B 2004- WED.9 : 31 FAX +65 6732 3188
LAWRENCE YD HO & ASSCC -~-~-~ I PCS-2 | ~ 005/025 - Z ~p~ ~oa~ nol ded part,

w t hout the usual th%h costs associated wi fh produci ng the injection nold.
This al | ows gr epardrchemioal letdhirigyort sandify i fuig g in

whi ch nmar ket acceptance is higl y de%deﬁ?hﬁﬁéﬁ%ﬁiﬁg@%g@&ggﬁﬁédml ded
plastic part. VWS 3us6 tintdbe dlesired dentinenis ditoraatichie braticor 8k SancaRfai n

pl astic pr.ototy, es‘%lga closely resenble the final injection nolded part)
and therefore caff BRFAUANGthedRoldingrsocesst or mati on before investing a~ the

" permanent nolds far injection nolding. This nethod nmay be applied to

porous, . semi - por ous Beraois; phoweserr pleBieyiflys no TRECHIR|UBRY t4CHARAHRI tha the
present invention overcoie two main problens presented by porous -

prot ot ypes. ThePRRGaFaice phnagis producedraysirapil piitelypingu seshniqeet (s4r ftace
coatings. to pg;}g{,irﬁte and. b a _absorped bel ow the surface, giving poor
coating results. g SUdacR IRxturing Qs splowring). itdsitherefors aniokjectofthe ppesstnce of ‘

mniature step : , er-by-layer fusion process. To
over cone thesesgﬁgiﬁgcrig,bp%k\{éd e;S)ra e@éﬁ}%d: ﬁk‘fé’ﬁ‘?(‘}é’m%ﬁ&/@?ﬁs@mﬁ RQTEHS of

‘ renmoving the p@lasticiparishe porous part, at |east at the outer |layers of the

part, followed by a snoothening process of filling the voids between the
mniature steps with . a hardener to give a snooth surface, on which
further post-processing 2p may be pertornmed. In the preferred enbodi nent,
the pores are r Ygﬁ bg infilkration of a c_",arable polynmer, such as
pol yur et han® (P&?B PERCRIPTONIOFaTHE DRAWINGSed under. suitable
curing conditions) followed by the application of a coating of a curable.

" hardener, suchFigureM liseqfier dart! tacshsy mermair%&aw@ngﬁg%w BrefSrred
cured under "=

uitravioletw light). The curable | acquer is then

appropriate cof qchﬁ@t@ftbﬁ)%e@m&tmﬁened surface. 1n the nost preferred
enbodi nment , anE%pti onal step of sanding is perfornmed on the 18/ 0B 2004
WED 9; 31 FAX +Figued 32 i3 hBEcHARE 4 e | -2 = 00B/ 025
- Z APR 2D94 4 snoot hened surfacew% E'egv%og’rsly gglr ﬁafapd%é\s.?ﬁ%éggqé)
followed b y spregdAssg of ‘a second | acquer to give a glossy |ook. The
surface property of the. prototype at this stage is simlar to that of a

Smooth 11 ast| Bigurmladed Beicimatisdiagah? s SholP hiface’ BhaVertlal! b9 Mg 0

performed. For textured parts, sanding Is perfo | our ed

parts, a conbi Reatlypesiuedaride prexsnico @f aifliatureayedai nting i s performed) The

pl astic product, constructed in accordance with the preferred enbodi nent,

! N ) f . ¢ o . . d with.a:
is nmade of a pPRigaks 3B akdl I3C Ré tsaMbihbtid Hrﬁlg(%fr?ﬁé l!l(l'l? Tr.%\'gk} %\aet %m‘é%%lﬂfﬂ%gﬁﬁ s 10 |

rei nforcenent polyner or resin. The exte

coated with a Rigidfhet after ratvietsording & meswéﬁéﬁgpﬁgr}am;ogggﬁ @fsééggg have

surface finish techniques are further applied. The
appear ances r affYPRPT tRigBft , gl ossy, coloured to ~ graphical prints that
resenbl e injection nol ded products.

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
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Besi des providing .a nmethod for inproving the finishing of a porous .~5

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 a inprove the outward appearance of the rapid.prototype. E%é
the rigidity and tensile strength of the product produced accordinéAF Ohe
present invention is also inproved. . 20 The sane net hods as descri bed
above may be applied to treat sem -porous plastics. As far non-porous

pl astics, the appearance may b a i nproved by perforning the snoothening
process of filing the voids between the mniature steps with a hardener to
give a snooth' surface on which further pd%t-processing steps may be :

pertormed. ~s  m6ldzE8 pAAAWWRBUOthe sk 7 o &
hSSO o P2 1007 0oe s Ul Bostl ddsetiete ik RN o
- The fol towi ng delfigriasmnid.cThistalowsdgreater tiexidilhg for af-pliRAirashadbaEAy for

i npl enmenting the derlying principles of the present invention.

u
Specifically, a ‘HSBHCE@ Y | WRCy r Badiey pacasbtancaeds highly stiepetateht 5 ohanthe
" prototyping techpque is used as an jllustration of the application and
usef ul ness of t@p%rag% q?n\g‘énm%ﬁd dvlastiek parte JVith gthet peesent inventian,
under st and, gho ; t Wi N escription is neant to b a
illustrati veé]o:‘l\q? g”%%@i%'ﬁt%ﬁ\?@&@é%‘gaﬁﬁ @'ﬂ@ RESiiaat dipselibrasembla the
. aslirniting the final WgédioRS e S i |l o .di sgussi on,
.~ and in the 1 o clai b tiﬁg tnqej?'arrgg" ?ﬁ@’l t%{dﬁéﬂ?mtﬁgv%"‘;,bqa'goﬁeggﬁi mjﬁ‘e nd
- Tcompri-sing” ar dnfosnatiambaiore ievesting thtieasdiivaent bIASRS 196G tnbBing.
. Polyner,” resin

interpreted to nean "including but not limted to ....... )

" and hardener ar dNEsaPthedamay be aplied to plorops, dsami-gersus SO ndnYrster i ¢
conpounds t hat rrix‘cﬂti a cured to forned solidified or hardened structures.
Speci fi c exanpl & YRR i s types of polyner used in each step are
described in detail _below Referring to Figure y, shows the general steps
of the prefl@rred enbbaimetodoiccotdingtoctherpresameinténtion GasBombevdVimdin be
explained in' ~ %geat er detail below It is appreciated that although the
fol | owi ng speci Pr I@Wrﬁeﬂ%rhyﬂepgf%t Ipeetotypas: edhenrsbopridemy lion
rapi d prototype pr nt _invention npy be applied to other porous

pl astics, parti ?Bf%%y Wﬁ%ﬁnﬁﬂf%t mfl?? Ce r eqatings t toofpepetrate rapggtb e por ous

bj ects, that- i ye d f ti t nent, d
Che. pr oduct o derrsonchornaf 5. biteBh” BN wdP Selnd Fapuly Thecepgomd .
Cnbodi ment of The pr oosre SUR, MRS MESHAC BEriiaft Bebf Atbh{P xnce

enbodi ment of the present i nvent 1 on. s a

. snoot hened 1par t thes laylerdiyrlegter fusién QPocdads W@v@i&%&%é@%r@%%él%
LAWRENCE YD HO & ASSCC -~-~-~ I POS-2 |7 008/ 025 - Z app ~aa4d vari ous

surface treatrrPERest rayesienapsividas eofirsb stem of arshaving thappsresalc &
FABRI. CATI ON OF . SE%FJS PLA RIC PART BY RAPI.D PROTOTYPI NG A porous piastic
part may be obt 8Pred) PRHr 2xsA% at thy, awtesTiayersofrtheapaisn fal tiye a

techni que of se drve i Ay (.SL. In thi,s techni que, as _shown

in Fig, 2, a !ag'glrgbt)ﬁeégrl#@ml’cg% Eg@@w@\%‘{r‘)'@ PﬁWFq_rh m§yatyE eleps Mitthade of

a thernopl asti carmRiddniettoSgiv £Smddth Yltabe,! & M Huther post-processing '
20 may be performed.

In the preferred embodiment, the pores are removed by infiltration

of a curable polymer, such as polyurethane (PU). The infitrated 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 ultr'aviolet-‘light). The curable lacquer is then cured under
: appropriafe conditions to give a smoothened surféce. In the most

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



18/%6yﬁ?oﬁldg$]). he powder it 53R NG DI T E 48%6ver 198 %urface of BVE/I%F
Cylinder 28, A piston 30 noves down one object |ayer ~ thickness to
accomodat e the | ayer of powder. The powder is supplied to the build
~cylinder by the increnental upward novenent of the powder delivery piston
32 and the rolling action of the roller 26 Heat fromthe. I'aser rreflt@Rimé .
the powder where it strikes under the guidance scanner system 36. The C02

| aser 34 provides a concentrated infrared heati ng beam 36. The entire

~ fabrication chanber 38 is sealed and maintained 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

. mai nt ai ned ~ 't hesthabitiepati Qjﬁaébqai}ggwgf LAY r&ggué]a\%ﬁe\)ﬁigégél %’H&ﬁgwyot he

fabrication piston 30 is raised to evat e’ the par m t he

bui I d cylinder 2#pragingiafal sedondsaeica s gije agrrtsti%g I%ma?fﬁﬁggmggﬁyraw

part. It is appreciated that the excess powd Zs

al though not - si'rfdh@aretetypaat this stageris signilar kethat o ookt irfadies #Rbilied hi gh
" heat |evels closeq’é%the neltinagterrperat,uye of the material. As a result,
the 16/ 06 200PRRED Y COPHRARANSSSIIRE PATRBY IMAYRENGE TN RorABRMEed ~- ~- ~
| PCS-2 f~ 0Q9/0 r tend to |l ose part of its

2 00 exces owde
ability to fuse t(gfgségﬁ'i@ﬁ%fso%%fq@qc@FBb%qrﬁ@ olired ppes.am gombinagpod ar e
typically not regnel I.ye. . Ihe part produced fromrecycled
powder tends to be eegﬁfﬁ?@%g@gi’gﬁ'ﬁﬁgﬁsﬁ?@ *oduced by fresh powder.

The post-processing(i.e._ 5 post-sintering) treatment according to the
present invention, H-g\?ef}l@?t,'c P&%‘&%ec@ﬁ*@é%dom pecardancei withtthe peafelred her eby

" allow ng recyclig : ~powder . REMOVAL OF POROSITY i O The pores
' tpat (':ausgI t he {)‘%éﬁ.ﬁbﬁlrtn%% g?gﬁ?gepq?&eqrgng%g{&p@m@W? lgﬁf?ra!ﬁdiwmmi ?n

of a curable po e : mol.ecul ar o]

Penet rat o the por s o T an TRt e ISP The edc TiBed d ce. rodlRt

interact wiloh t oateidawith @ vadiericrab .prévidetiay éﬂ%éthis'inrfﬁ@lbﬁdwhieh%t &l ner
of curable polyneric liquid infiltratant that seals up the pores) at (east

on the 15 . surf &bdacs finisntegbniquescaredudivs  applient Thef fiidl besduts R&¢aIr T ed,
the part is rem&ved fromthe container, and the infrltrant cured under -~
sui t abl e ‘condi t. ?BRESTEFKES I3t rem Bahkglagsy,i ealoured dad graphidah@riatotnat  of

infiftratian re ' Jhus. 1f o conplete infiltration is required to

i ncrease st rengﬁ%éﬁﬂgﬁ&gﬁd%@&&eﬁiﬁpaﬂcbﬁor soaki ng i s -needed for thicker
parts. If only surface 20 infiltration is required, then the soaking tine
may be' shortened. - TEEPEes Pevisingadnethed fox ammiosingf thedinishing bind ke i on
step is .per'gor %c T%g Burface of the infiltrated part) however) renains
al nost as 'roudﬁg e P theprasent inventignoaso puavidenhe uncxperred bebetyad 3l 88
LAVWRENCE YD - ST o 2 ~.010/025 - Z APR 2D04 s Materi al

, TrueFor m po :_';at]%eeta E@?e?h? ﬁ'l'ﬁ“%?l"ﬁ?'g&ﬁ}’ Oggﬁp?a}'ﬁihlﬂ?' ned pebnisHeRPgaible to
 Massachuset t s, inigpbv&tEessarsd [ s iner.wth the PU
for 5-30m nutes. Pl ace part | ngggg&g@g%#g}&%ﬁ'ib%&ﬁ%g@tﬁbeéﬁ}ﬁﬁ?@

»PU) Resul ting RansiBustrength 0 tlehpesiact Froduebd adcthifg tol B fedent 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 fling the voids
between thg miniature steps with a hardener to gi\)e a smooth’ surface on

which further post-processing steps may be performed,

25 -
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rapi d prototype parts through a |l ayer by | ayer heating process. Thus, a
part 42 with slopes or irregular shapes will contain mniature steps 44.as
shown in Fig. 3A Although each |ayer can be adjusted to as |ow a§2% %Zﬁﬂlp
t he. appearance of the raw part remains rough if post-processing is 8 .
performed. The 10 only post-processing nethod in the prior art to reduce
this stepping effect is to sand dawn manually.to form an even sl ope 46 as
illustrated in Fig.3B. This takes tinme, and is only applicable on flat
surfaces. i.e. stepping within the internal areas of the part cannot be
renoved easily.” Sanding of f al so has the & sadvantage of affecting the

di mensi ons of t ~ Referring to Fig. 3C and in accordance with the
present inventi gﬁﬁggﬁl&ﬂgi\bpﬁsmg 8\"65"‘&' Nio, built up the surface of -
the part 42 to create a snooth surface, rather than to renove parts of the. -
steps 44 as typi cal Tredoleowingt heetatiédr deistriptibhi Sdéscrveli ewed Bieféiréd i ng
the voids 50 between the steps to create a snooth slope; The hardener used
to coat the sur@RRegment for GopROTENINGDhe; BXidRNNGPENGTIRE GFLBR bAAYBANCE YD

HO & ASSCC ~-~~.1POS-2 Q O11/Q25 - 2 APR 2004 . ~ s. the part should
therefore be of "%Vﬁf"&i gﬂ?c'&‘?éj@o&mymﬂ%nY'@ﬁmrﬁtQﬁYfJQ inbtained dyeastandaod f i | |

any depressions i ess on,the surface. An exanple of a
s uiyt abIOe ha?dené@yyrgﬁtmée%ﬁﬁﬁ] (g USqq, as r?8§{rlusﬁﬁm9¢@8 %r'r'gﬂ% and;

acryl ate ol i gonﬁée@%sgubfiméuggéeﬂ?ainvéﬁfdﬁ. abﬁem%fl@g%][ ?\hgﬁ?r f%ré'shoy?dl by

.exposure to W light. Table 2 oW gl vés an exanp

snoot heni ng st epnderstdre, peowever dthatans cR8eWRY HsdrtigHEL | A
© 2298 in ethanol, obtained from SICPA Si ngaporge’/0 Ptsé r{Ii_ljtﬁd, Jsurﬁt‘/%rg et

- Si ngapor e. Pr ocedi3tativereflihe gresentimventiors aheshoeldamt bet bengdaet! dwylimiting
br ushi ng. Curi ng;10- G.B _sg?ﬁgds ~t therecomended UV-curing machi ne at 30w cn?
or3-5 hour s. und¥l€ PANFIP IsgHEsRk hetain gnFhekfollewingediscussiar rands in kg of '

f?.2-0. 7Nm, TABL T | agguer. gjven -~ le 2. produces a transparent,
col orl essmégat i g‘aﬁgﬁ %ﬁ%%@% W hi %I@Y'ngijj-ngPBta{r\‘f% t ¥k KeRIBBIYRG't %Ee
coating, the voj i L . ar il | ed. r.oduce . a, col oured
part, gn addi t i gﬁgﬁj 1rg%’lyl (‘))'l?rl'% npé}gdne;&ng% ﬁ}og'cgﬂérér%e%qugfbgs@%ﬂm@ﬁe ﬁ% megik uv
| acquer, may b #ncladieg! bab ot lnRed 45 .desCH @bﬁﬁ@g@ﬂgé@{%@g@% o

melting of the infiltrated part, has been dbsefv ‘
snmoot heni-ng ‘pr obesesily tolsfer td Giq0I6 GOMIEId HobErcoRpoBRa2 Hdt&Ral HURENCE

YD HO & ASSCC ~-~-~ | POS-2 ~ 012/025 - 2 APR 2004 ~o SANDI NG Al t hough the
W | acquer prod%¢ed ta famed selidfiedrrhardenest sinicturesr $paaificievaraplos o tha

t hi ckness,i artj ﬁgl arlg% i.f brushi nq%&'bs used-to apply the .. . hardener.
Thus) an option S S Felinet Wspd g SeR AtRedesanbediip detalk bejowr ef erred -
enbodi ment) sanding is perforned with two grades of sand paper with a finer
grade fol | owi ng a cidefesdng ¢ dtgureCheskowspthe denemlasteps of the preferred’

L .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 treaiment of other rough, porous objects, that are not
conducive 10 standard surface coating treatment, and the products derived
thereof are also considered equivalents, Other non-porous plastics may
also be treated according to an altemative emibodiment of the present

.25 invention. It is also appreciated that once a smoothened part is obtained,
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descri bed above. Sanding also helps to reduce the thickness caused .by the

har dener coating. A very snooth surface with surface roughness . ~ o val ue
(Ra) of 0.02Nm nmay be obtai ned. SPRAY LACQUER . The surface finish after
sanding remiins very dull. If .a high glossy surface . . finish i- &6ilbled,

a second lacquer is sprayed onto the surface. Different s types of common

| acquer may be used) for exanple, TS-13 dear |acquer from Tam ya

Cor poration, Japan. The preferred nethod of application is by spraying with
. a fine nozzle spray gun, e.g. 0.3 to .0.5 nmnozzle size. The sprayed part

is then allowed to air-dry. An alternative® nethod is by brushing. Depending

on-the type of Ivatiquer sug : Akhts U, e y-ougk s ul t he
spray |acquer step can i ngfbeag'}ggtlgée%t% trﬁoég. é%m gﬁé@%ftﬁo;l g’?@ﬁsi%{@t’?he
surface roughne@&ppRasarimesn . substantially reduced during the snoot heni ng
and sanding steps, the . increase in roughness contributed by the |acquer
coating step is still within . ~ the range for surface finish of an

~injection nolded glossy part. 25 1B/ 06 2004 WED 9. 34 FAX +65 B732 3188

- LAMRENCE YD HO AT -2 1 13/025 - 2 APR 200b COLORED -
FI'Nl SH The. surf%ﬁ?ﬁf\gﬁpﬁb éﬁggﬁ%ﬁ%ﬁﬁb t R&-ASHENPARVenBYon RARIDbe

changed frog trgg t her col ours through various ways. These

i nclude 1) M xing ?ﬁ?ﬁgﬁéﬂé’ges into the W lacquer (typically available

fromthe s sane su’%pl i eré1 such that the col oyr is provided directly in
har dener coatin§® FETGUS RIBFISPAR A heauebtpimedovipr Zxamplendbysuat BAIM dyes

into the | CEypical | i le f h | i ' h that
“the col our 1o pEneBf cand U tBufue of Selecive farar SanodRLE) gt S r om

HEK GrvbH. 10 3. ' k R : i i.nt I, fi

nozzl 6 Spray Tamy ot anenntiefict 8rR MLl bR 27 BoBT orlrt B BBt "

conbi nati on of powder 29 Meadd oﬂaetr@hﬂggaggé Aefsiaie L’iwﬁb?‘zﬁ% Pﬁpaer t he

spray painting process) other common 'processes, suc ing (to

gi ve wood @Pai ncylinsleshihe Pawgden ipspraadigy af rollet 26 ovei tHeZeurtdea s £ bulld S
rrtay be perfOrrreld tor#r‘ovi de graphics work. SURFACE TEXTURI NG | f texturing
is also desired®Yiidef &8. A pistane 80penavest downi que sohjecth layer Shicknddsaso | ng

o shi ng. step. SpRainogafi e By SEotaBRterae poader i sursfiedteo e i ar e
Toxtire to the FYInGRr o #EhoRidnal GoleRl Kiariont clBecRovaer | delerat o

various conbi napisedts 32fand the rolling action of the roller 26. Heat from the laser melts’
15 . the powder where it stiikes under the guidance scanner system 36. The
'COZ Iéser 34 provides a concentrated infrared heating beam '36. The
~_entire fabrication chamber 38 is sealed and maintained at a specified
terﬁperature..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. E'xcess

powdgr from the build cylinder 28 is simply brushed and/or sanded away
to obtain the raw pan, |

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

heat levels close to the melting temperature of the material. As a reéult, the
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shows the process to produce a rapid prototype that neets the texture

16/ 06 2004 WED 9:34 FAX +65 6732 3188 LAWRENCE YD HQ & ASSOC ~~~ | PCS-2

D] 014/ 025- - Z APR 201)4 12 MrI-1055-2, 'according to Mold Tech. Standard

with a roughness (Rz) requirenent of 16Nnml0% The roughness (Rz)_qt ket 9ppes

achieved b y treating a sanple through the process described in Table 3~

was ' 14.47. m TECHN QUESTARTI NGPROCESSVATERI ALSel ecti ve | assDur af om~

. NylonSintering ~ insinteringPowder,,. Sinterstation 2000 toform porous
parte.g. smart card hol dercasinglnfiltrationpol yurethane (PU) Soaking part

in "PU farR- 9639 from Neorez, 10 nmi nut esUSABnoot heni nguV | acquer 1. Apply

ont oSt argl ass . %%29 rescri be surface usinga brush.2. Cure in W
. chanberfar 12 se S "‘é@erﬁﬁpﬁt‘? Rarafl iseabilitydoduse togiheryproperly to

t hr eeb~~consecutg ' Lat using O, 3mmmozzle spray.2. Dry paint
under anbi ent co n,’gﬁtﬁi tﬁ%?@%% gﬁd @?%’8%5% gﬁ/iyg{ggﬂy det fegysteddpr gmﬁﬁss;\)/e

40-fi Ocrn. nder anfigeldn ' el ow sh t he process. to
. achieve a MI-11004 tgﬁﬁr}?‘g{ gé&fgnngc ﬁﬁg&? ge%%'lqe%%gﬂ ?eé]dssstt%\gﬁﬁa?‘f? el d
Tech; . The rougloreas tdry hbaR€ @ik -8%%4 i 4 i i~ 0% The
roughness achieved 16/ OE Zogfzo%gﬁy Q‘%ENIIE + STE'%\’@O%%@%%%I@& YD HO
& ASSCC - ~- & ~ |astsintenty) dreatriat accordhgoZA0 prdséhtiavetioh RoRE0EE Ths
descri bed in~ Taﬁl e 4 was 7.3Nm The Part  produced | ooked exactly i ke the.
i ndustrial standdfEffeptQiNeniprcing ThRat-HhearSSMIdERYAtecgelinec bf Vexcess .
| assDur af or m Nyl w~$|j ntering . insinteringPowderSinterstation 2000 toform
porous part -~e.d, c% ‘al arm casi ng25x30mm nfil trati onpol yur et hane (PU)~
- Soaking part in PU forR9639 from Neorez, 10 m nut escount Snoot heni ngUV
| acquer 1, Apply ontoStargl oss GLA2298prescri be surface usinga bnrsh.2. Cure

~ [-machi nenane for 20 secondsSpray paintingTam ya sem -gl ossl. Spray

t hr eebl ackconseREMOVAL2OMPOROZTY usi ng 0. 5Snmmozzl e spray..2. Dry paint
under anbi ent condi tions. Sand bl asti ngAl um num oxi de 60 ~Sand bl ast at

30- 40psi mesjf or 20 . 4 s Table 5 shows th i d
api d pr ot abype of AT RARASR AL CaUtR PR TR PEUS AR b dgmEVRRRY

16/ 06 2004 VED SHilfaiér 61 5 3uBR2 pahter AV RRICH s S A0RSbie moiecular ™ 2

weight to penetrate the pores effectively, and of the right characteristics to
interact with the plastic material. The raw part is soaked in a container of
curable polymeric liquid infittratant. that seals up the pores, at least on the

15 @rfaoe of the part, Once sufficient infitration 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 infiitration

. req‘uired. 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 infitration step is
performed. The surface of the infiltrated pant, however, remains almost as

rough as the raw part.
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O Ta R Z70ad’ 14 TECHN QUESTART NEPRACESS™ MR ALSeT ect:ve | oseDur atorm

Nyl onSi nteringsi ntering . Powder Si nterstati on 2000 tof om~ porous
partinfiltrati onNeorez R9629Soaki ng part ~ PU forpol yurethane (PU r~ 8

m nut es . Smoot heni ngSt ar gl oss GL. A 2298Brushi ng ont oWV | acquer pr escg 'APEZUM
surface andrad| ate in W chanber 'for 15 secondsSandi ngl, Sand pape

gradel. Sand far 202~0~ minutes2. Sand paper grade2. Sand . for ~

10120dni nut es~. acquer coating ~Tam ya cl ear LacqusrSpray at 30mui st ance &
allow to dry. Repeat spraying ~ at30mm di stance & allow.to dry. TAB! _E 5 For
non- porous plastics) the same process. as descri bed above 5 may be, used,
except that the PU infiltration step may I8 omtted. Fromthe description
and exanpl es di scussed -above, it is appreciated that nmany variations in

met hods and products are possible based on the teachi ngs di scl osed herein.
It is contenpl ated that nmany 18/ 06 2004 VED 9' 35 FAX +65 6732 3188
LAVWRENCE YD HO & AtWenal- ~-> | P05-2 D/01 / 81 ure c ahges and
modi fications may be nmade by one-of ordi nrl,yﬂﬁgrl‘t hout - :
- departing fromthe | Reind bﬁu”s S ed 18/ 06
2004 VED 9: 36 FAX ﬁﬁ%&]ﬁg e =T POSi 2 ~

018/ 025 - 2 APR 20 acenent page . EE%EB nto 8ret hod for
treating a porous plasti.c object conprisi it @'&?Qm pl astic

"object .in infiltrafant to substantially r¢ urface porosity of]|said
obj ect; (b) snoothening said i nfilratant - Pdaﬁaapamlnaﬁﬂ" qgma/fmrw: nar dener ;
(c) curing said hafdens net hod p29imigutes te cHi Wir t her

conprising (d) sanjﬂegu&agﬁ’aml ynmeric har { SfBcd G gm,gsgn I _efluce
; roughness 1opmCé o8 (tnaa} b¥ 7€

Table 1

7

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 stepé 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 petformed. The

10 only post-processing method in the prior art to redﬁce 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 buﬂt up the sutrface of the part 42 to create a
smooth surface, réther than to remove'.parts of the stéps 44, as ;(ypically
done in the prior ant, 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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3) A‘met hod according to cfaim 2Furt Rer conprising 18  abpl ying a | &L 8%

| acquer on said sanded pol yneric hardener to obtain a gl ossy appearance. 4.
A nmet hod according to claim3 further conprising : (f) colour printing on
said | ayer of lacquer by cubic printing, tanpon printing or fentijﬁggwga
transfer. 5. A nethod according to claim3 further conprising (f) texturing.
said | ayer of. lacquer by spray painting. 6. A nethod according to claiml

wherei.n said porous plastic object is produced by selective |aser sintering:

of -nyl on powder. 7. 'A method according to claim1 wherein step (a) is
perforned by 16/ 0B 2004 WED 9 : 36 FAX +65.6732 3188 LAWRENCE YD HO &
ASBCC - ~~-~ | POS-2 C~] 019/025 - ~ App 2ad~ Repl acenent .page 4 MAR 2003 .
soaki ng sai d ponbepapiskeuidthekife A Bf b St I ; i :
sufficiently | ow vipscosi ty to peﬁr?te??gft%ﬁ%&éﬁ%%ﬂgftgg%ﬁéﬁﬁ{r%‘%?ﬂﬁg%ti C
obj ect; and curiang teaiiti anyr depressiahk ecatsingntie. rdighfessTRinhed 8GeRdify to
claim1 wherein said curable polyner in step (b) 1s a UV-curable |acquer,
and whereéin cur iS@mRiesf ias%eﬁtagk’p%@ﬂﬁ@ﬁrdaiw epoxyumikiuee. I Theomest preféied
radiation. 9. A thcid for q%?re?ti ng a porous plastic rapid prototype having
a rough surface e A7 AFYER Qligerask and mpultisfunclinnal anwyiate tnarmmers siuned a)

Ki ng- sai ' | t ' ble . I th b
il rating pordeospodie o 90l DTBE £ Raie dlyee sormpeinlb ot Hove taeu abi o

pol ymer,; b) curisfbdiRésingWt , appl ying an external gating of
a curable polyneric har dgneéé)h?gip@é ﬁgﬁé@r‘\%% having sufficient viscosity to

remai n on said surfafg _and tofritup——saq— . noot h
surface; and d) oari 1E|a§%ﬁ’l?rcurabl e pol ympB0& hVddagsiuer 18targlos®t Ghd
~according to claim9|further conprising e gﬁg‘i'%?eﬂmnel,smlne@uﬁmm to
reduce roughness. 11} A method according {& ngrRasetterltdodyiongi dg ~
applying a |l ayer of Jacquer on said surfag MPRYLai n a gl ossy appear ance.
. 12. A nethod accorfing to claim71 further conprising 16/ 08 2004 VED 9;
36 FAX +B5 B732 3188| PAMREAICE YD HO & ASSD"l"h'e~Uﬁéd”reap% ~ : |2 APR
: ner aysred
200 Repl acenent page ' | 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-
: 0.7pm
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
+10in the steps are filled. To produce a coloured part, an additional colour
vpigmer_'st, recommended for use with the same UV lacquer, may be

~ added and cured as described above. No distortion or melﬁng §f the
infiltrated part Has been ot_)served after undergoing the smoothening

process.

15
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.4 May zoos 1 t3 f) pertorm ng Tanpon printing) letter stanza transfer or

cubic .printing on said surface. 13. A nethod according to claim9 wherein
said prototype is nade fromnylon using selective |aser sintering. 14. A
met hod according to daim9 wherein step (c) conprises applying a (UMR 2004
curabl e external coating. 15. A nethod according to daim 14 wherein step
(d) conpri-ses exposing said UV curable external coating to UV radiation.
16. A plastic rapid prototype containing pores and mniature $teps on the
surface, said pores infiltrated and sealed with a polyneric resin |ayer,
and said nminiature steps snoothened by a pol yneric hardener |ayer on said
polyneric resin |ayer, whereby further poss-processing may be perfornmed on.
the polyneric hardener layer. 17.-A rapid prototype according to daim?7 fi
further conprisiS@NDINGti ng of high gl ossy | acquer over said polyneric
hardener | ayer. 18. A rapid prototype according to daim 16 further

conprising a cogy f it j oL yeL i rplaver. A ,
rapi d prototype ag?ggﬁitﬂgqtjg Ig%llfér'ﬁpﬁa%érétheérméegﬁsqu?éidé?gfamg%ﬁ 38&33? pai nt
over said coati ngevénhesth ofltBisRessApaMiEhlary & [ y di ng

to claim 19 wherein said coating of ﬁpai nt )IZ? ?@3{.@96% 9%@1&(}? EEP% | of
treating the suhgadenesf Thus@amoogtignahsanding testis ¢edarinshbedaln §Ralkozg t he
porous plastic object in a curable polyneric hardener; 16/ 0B 2004 WED 8 :
37 FAX +65 8732 Prafggred embrdiman, isendingds pertormed-~-witP@Bo2gfadbs0at 585 - Z

APR 2004 Repl ac n . - 003 t9 .. b) ... smpothening said
surface of gai d%gg?éwgﬁ%ﬁm ﬁ@%}oﬁ%‘f’mﬁq FP%'%G?"ZQ"@G?@@F@ %W?iﬁ@fﬁ%ﬁ dener;

d i ' YRBL | 22, di
TG 2 L e 248 (OSBRI RS s atted Witiahe AV e, o
reduce roughnes aisafestAbed HHGVRS BapilingPhiso Pnférsq%;&g r%ﬁﬁéé e %&&%Ef caised

met hod according to claim=22 further “conpri applying a layer of

| acquer "on sai dbyatheelrdehemeaatinghAr vsyesmbetholiifics Wittt lsagsce AdUypRBasice on
surface of said porous plastic object. 24. A plastic rapid prototype

" cont ai ni ng 1R ni ¥aluee(Ra)f.Q2umtrsay befobtained.ai d st eps smot hened by a
curabl e polyner layer applied b y soaking said plastic rapid prototype in
sai d.curabl e polynmer, wherein

SPRAY LACQUER

The surface ﬁni_sh after sanding remains very dLll“. 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 examble, TS-13 -dear
lacquer from Tamiya Corporation, Japan. The preferred method of

- application is by spraying with a fine nozzle spray gun, e.g. 0.3 10 0.5 mm
nozzle size. The sprayéd part is then allowed to air-dry. An altemative
‘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 rangé for surface finish of an injection molded glossy part.

25
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said curabl e polyner layer infiltrates the surface, o? said curable
pol ymer having a polymeric hardener |ayer thereon, mhereby further _
past-processing nay be perforned on said polyneric hardener layer. 25. A
rapid prototype according to daim 24 further conprising a coating of high

gl ossy lacquer. on said polyneric hardener layer. 26. A rapid protaty R 2004
.according todaim24 further corrprl sirng a.coating of high glossy |acquer on
sai d polyneric hardener layer. 27. A rapid prototype according to daim 24
further conprising a coating of paint on said polyneric hardener |ayer. 28.
A rapid prototype according to claim27 whgrein said coating of paint is
textured. .AU AU ﬁ%\h A3h. Ah AU AU. AA. AU. A. AUE. AU. AU. AU3. AA

CAA AA. A, Zef/FN[cé#é D FINIS

| wr mhc~XU] ca] ca]_gﬂa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] cRa] ca] ca] ¢ca] ca]
ca] ca] ca] ca] ca] chihve suffacs] firdd heokndi

XP! k" *$u${ vqgl gb] X] ca] ca] ca] chah]@ca] cal g%}%g}ecg’ﬁégglﬁgg&egg 'Eé']aé'a]’ a(] car]gca] calca
] ca] ca] ca] ca] ca] komteaBpatenhicatheadalalrs rrbagh USSR ESVEASFhess include :
($(f)i))))**#+ + ,,--.1 D~ytoje [VIgb]X ca]ca]ca]ca]ca]calcalcalca] caU] cajc

a] cal] ca] caU caf.chiiling]aimsbral é’éﬂuﬁaltggg%\ga]?@@@rc(ﬁlp?&%‘:ﬁlaﬁ&%af}o%ath

G000C1P1R1S1222" 3%3b3e3| 555666 6L6Mo6
zupki a\ W gb]& ] c apampcalmpiiocpisact] ¢rk apslcomduba] sraidal ceelis Adateal cal o

aU] ca] cay caj caU] cal calcalca ca] ca] caJ ca] ca

. <<<i <v<<>>@ERBXBIGHHIBE tar) W epRgGegallibidy sni d_ZU] ca] ca] ca] ca] ca] cal)] .

'caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca]ca

. ] ca] ca] ca! HHHHEL alMixihg MABIBRE)SORYE Eﬁi%@ a] c$a
--]caU} ca] cal ca] ca] ca] cg@ca] caj ca] c(a]cal calca @]&(h]r l]ihgq{éc];lg{][3 Wfﬁk?ca] ca]
 ca] ca] ca] ca] cal] c8d ANVIRISIOUKISH POVIRE |l Ricquer coating.. e.

[T\ w nhc’\% a] ca ca] caé éca] cajc, a] caj ca] c’\a] ca] ca?ca] ca] ca]ca
] ca] ca] ca] ca] ca] ¢ %&%V]’ AgrogD fi?'@d]i @mpth] ca! a ~ " Vadbzct dd: eGeeee
AfRf _fbffff.gpggg[hili}xsnid Z]]1]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca)] calcalcalc

m B 8 i i@m ...... k V 4b
?1:'? gllcg](;g!ae4¥ Rfa] f?)%afq??:.%gguh il }xﬁ?‘%’f‘]&fﬁgﬂéﬁ]ﬁ%ﬁ ﬁ? Ticlg]%ga? a] cg] C

a] ca] ca] ca] ca] ca] tRpyajeslqur semigloss bla]:kw]tba]ozalb(sii@()fx]) Baine.a] ca] ca] ca] caZefc
E ys1096& (). Z10%& ()-4, 109%' ()-G FS1065& () - "3mlO%5& ()-

10968 () - | Fz A<badbmgtion of twe? O P mehP s )i

1096&' () - () (éplofy((& ('?') ?Tz@agg?g)fo%;éh ?) f&té%y(?&féﬁg%)é‘%d ZI #Y*
109%5& () - 9' ( YAfteoUn58pray- paifiling pRBES, cﬁtheNEémm@n ? sucB! &3 cubic -
s10%m®&' ()-ZL' GLO%1& ()-0*10%r& ()-Y 10 10 10F"s<3109%&’ ()-I Ty9zX9 @
10%18! ()-| Ity BACHNG (t9 givesmead) grainfiah) ST ampoh yprintiBe®r (Stier wtankA Xeamélet ) - H \

- 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 ocntain 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
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'MT-1055:2, according to Mold Tech Standard with a roughness (Rz)

requirement of 16um+10%. The roughness (Rz) that was achieved by

treating a sample through the process described in Table 3 was

14.47um,
TECHNIQUE STARTING PROCESS
MATERIAL

Selective lase{ Duraform Nylon Smtenng

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,
USA

10 minutes

Smoothening -

UV lacquer

| Stargloss GLA 2298

1. Apply onto
prescribe surface using
a brush,

2, Cure in UV chamber
for 12 seconds

| Spray painting

Tamlya

Semi-gloss
black

1, Spray three
consecutlve coating of
paint using 0.3mm
nozzle spray.

2, Dry paint under
ambient conditions.

3. Spray Vl?Ol’OUSly at
a distance of about 40-
60cm.

4, Dry paint under

TABLE 3

ambient cendmons

‘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

014/025
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109%& () - @OY& ()-P. 10%&' ()-()z*****#+/ +} oP1% nlO%n& ()- **10%m& ()-Y 10TT
10TT (12)T',I@!1YL6! (12)%'T&' ()-1YL6! 109%& ()-!'H sM 10%AA& ()-/+,,,,--}"<oP19%
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10%T& ():-../0GDO0} "<oP1% ; 3 FIMLO%mE ()-)!10%r& ()-!)!10%=& ()-Y

' 10%8 ()-3  10%r& ()-! 10%) & ()-00000CIP1R1S1bHY ;3 F }109%& () -k
S109& ()- &YMLO%& ()- *109%&' ()- F 10m 10m 1078 410%& ()-S1°1y111111fL-H
}109%& () -k } 1048ing)the process described in Table 4 was 7.3pm. The Part produced

looked exactly like the industrial standard.

TECHNIQUE STARTING PROCESS
MATERIAL .
| Selective lase{ Duraform Nylon | Sintering n
sintering Powder ‘ Sinterstation 2000 to

form porous part
e.g. car alanm casing

25x30mm
Infiltration polyurethane (PU) ‘Soaking part in PU for |
: R9639 from Neorez, | 10 minutes
country? ‘
Smoothening UV lacquer 1. t/)\pplyrf onto
prescribe surface using
Stargloss GLA2298 | a brush.

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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TECHNIQUE STARTING " PROCESS
‘ MATERIAL
Selective Iasew Duraform Nylon | Sintering
sintering . Powder Sinterstation 2000 to
, : form porous part
Infiltration Neorez R9629 Soaking part in PU for
polyurethane (PU) 15 minutes
Smoothening Stargloss GLA 2298 Bmshing; . onto
prescribe surface and
UV lacquer . .| 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 &
30r?1m distance & allow
todry.
TABLE 5

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

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

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

based on the teachings disclosed herein. It is contemplated that many -
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109 & ()- 109 & ()- 109X & ()- 10%) & ()- 109%x& ()-

&10%) & () -d9e9nmd99999xX@ $ 109 & ()- 109 & ()-Q 109 & () -

109 & ()-99999999pX<4 $ 109 & ()- 109 & ()- 109%r& ()- 109%x& ()- .
109 & ()-9999999: sW4  10%F & ()- 109 & ()- 109 & ()- 109 & (92 APR 2004
10 & ()-:: = MNOU V: xX@ 10%& ()- 109%r& ()- 109 & ()-

109 & ()-V: W _::;<<a@@ 9610%*& ()- fL3410%*& ()-m RF+M 10% e*! & () -

; F+tM 10%0e*0& ()- L@ 10%*& ()- 109 & ()-<<<<<i<v<< =vU4 t'10%* & ()- p
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changes and modifications may be made by one of ordinary skil in the art

without departing from the spirit and the scope of the invention described.
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3 10%C8 () - @3YL0% & ()-  *10% & ()- F10e* 10e* 10e*  YS810%* & () -
==>>>?@ [ vU4  YS# 1090FME ()-3 SH 10%& ()-3 i! 1094*]& ()- t' 10%u& ()-
t' 109 & ()- t'10% & ()- @A BRBUBVBVBXBB| obUA " *10%* & () - F10* 10105 o, -

| S910% & ()- y .&10% % & ()-3 Uy .&I0% & ()-3 vy .&L0% & ()-3 .
BBBB[ CCD|[: bU4 S 10%*& ()- Z'109%R& ()-F 10%*& ()-& MLO% & ()-
s10%* & ()- &ml0%*& ()-3DDDECEE, F| [: bU4  10%*& ()-  10%ei&

@10%* & ()- 10%*& ()-m @10%*& ()- 10%e*h& ()- & F] Fo NhPAge 34
10%*& ()- f210%*& ()- , 10%*& ()- , 10%*& ()- *10%*& O'é@-\R 2003
10%* & () - GGCHHHHHHHVU4 &Z100*& ()- ~ *1Q%*& () - F10e* 10e*10€

10%*& ()-3 F ,8&10%*& ()-4 s 6 10%*& ()~ HHIIII11-~@U4

& X Z109%* & () - SZL0%* & () - SZL0W* & () - gy M%ow*&' () - |

"10% {& ()-1111113J)I*Z10%* & () - sZ10% é‘%‘) Z10%* & () - s' XZ10%* & () - snZl

09%* & ()-5SZ10%¢* & () | ) J+JALeE* Z109%* & Z10%* & () - SZ10%* & () - SZ10%* &
() - sz(lz)%x*&' (3(1-'5' %8@6@ F ERYRD a Nejeus pingtic phiaghawmprising = sZ100x* & () - s’
XZ10%* & () - sZ10%* & () -sZ10%* & () -s' XXJoJdpJdqdrJyJzJJi K/ Z10%* & () -s(' XZ10
ox* & () -sZ10%* & () {317308king: spid POrOTE plastia. dhjectlinlidRvaart Bl UBSENTAI0 Y * & (
) - SZ10%* & ()-52100/«*5{&4 -S' X- Z10%* & () - SZ10%* & () -sJJJIJIIIIL, Z10%* & ()
-sZ10%* & () -s' XZ1098 %‘!m@&t&'@f@ﬂgwﬁc&' ()-s' XJIKKK, K- K. KeG+Z10%x* &
'()-s' XZ10%*&' ()-SZ10%* & ()-sSZ109%* & ()-s' XZ10%* & ()-s. K/ KBKIK: K;

" KQKRKNNO' XZ10%* & ( fb) Btrosatrieiifg saill Bfrsin With' 2 G4aMe’ §8§¥1%9%1“%§%§?}§( ) - SRKS

KTKcKdKsKKKNN. Z10%* &' () - SZ109%* & () - SZ10%* &' ()-s' XZ1 *& () -

| SZ10%* &' () - SKKKKKKRRALOZ10%x* & () - SZ10%* & ()-s' ' XZ10%* &' () - SZ10%* &' () - S

Z10%* & () - s-" XKKKKKKKKi K/ Z10%* & () - s' XZ10%* & () - SZ10%* & () - sSZ10%* & ()

. =S XZ10%* & () - s KKKKIcuting\Baid Rartdne’ () - SZ109%* & () - SZ10%* & () -s' XZ109%* &

()-sZ10%* & ()-sSLLLL7L8LIL: Lj N2Z10%* &' () - SZ10%* &' () -S' X- Z10%* & ()- SZ10%x

*& () -SZ10%* 85( ) - S AYRAMKSE doki i Li K/ Z109%* & () -s' XZ100%* & () -
sZ109%* & ()-s) zww*?eiﬁ {?‘f‘&%?%@@%ﬁ%&@%ﬁ%ﬂ% |/ Z109%* & () -
*510%* & ()-4 . . .
1109%d* & ( § ) 7109+ & (9)- SRINGossalgd (polymenion hardgnes | ta vsvbstamialyy Usduce
109 ! & () - %(rmow*mngis‘*locm*&' () - Y10d*- 10d* 10d* sl 710%* & () -
| 710%* & () - M\NN' N/ VU4
iO‘ BlO%i*&'(%)- '@ RLO%H & &)}o B10%* & (2? - B10%I*& ()- 10%d*& ()- 1N,
metnhod according to claim 2 further comprising :
10" B10%d* & () - B10%l*& ()- B10%l*& ()-' @ B10%*& ()-" 310%1*0&' (-1 Nrrt\w\mmm :
NhLO4" B1O%* & () -" ing a lageBdOREEer(on s A& / Afchdr 1
NNi 1) > BLOY* & 8 o gﬁxfgg ) ‘%ow?g?( ) - ‘"Bﬁ%@ﬂ%@%rﬁ%@%ﬁg@e@[t 10%* &
' () - NNNNNNNNE PO” B1ooktai @ plosey epgiearanre! @ B10%* & () - B10%d* & () - BLO%* & (
)-' @OO00 Q[ O) CeG+ B10%l* & ()-' @ B10%l* & () - BL0%* & (é-‘B(l;)cm;foc(yé-((&' (@;Bl(()@
o%e* & () -) Q CO@LO=OHOVRtRod BQHEihG 1 bhai et dompridfyydl™ & () - & ()-'
‘BlO%Ei?*&') () - B10%d* & () - VOWOX( ;_rg‘é gelfggg*ag%@ 0%d* & ()-' @ B10%l* & (
#')0000008)
06.096060)

)= BL0%* & () - BLOYR* &1k ) v o) K/ BlOYd* & ()-' @B10%* & () - BLO%* & (
: O @(@%«)r@ 5 ﬁye%og e‘g}’k’) cubig driging, (trrpenoog* & (
- @BL0%I* & () - BlsHrtihdiof kSR

Pj N.@ B10%l* & 8 " BLOY%l* 'o( geﬂ Blo%ﬁg?s)f?” @ B10%* & () - B10%i*& ()- B10%I*&

P!( )P" PuP2P3papsel pa STIIIR%ACSOrdiRg o glain B further copyaieing ) - * B10ve* & () - BL0%I*

& ()-' @PHPI PIPKP_P: PnPi K/ * B10%l* & ()- (' @ B10%d* & ()- B10%l*& ()- " B10%d* & (

)- (1 @ B10%d* & () - nRPPPEBPRgsaidiaveratiacguerdly spray-paitig* & () - BLO%I* & ()-' @
- B10%d* & () - B10%l* & () - PPPPP&Q Q Q QdW=" B109%4.0d* 10d* 10d* s310%l*& ()- 2

10%i* & () -G - 0%+ & Methd Gissding)to’ (@il QWHersh lsald ol LR pAdRIED; 8 &

) 109X & ()- )10%QY & ()- | 10%F& ()- %@10%F& ()-

TF10% & () - FQQQQQELIIWsed by selective laser sintering of nylon powder.

7. A method according to claim 1 wherein step (a) is performed by
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10.

11.

12.

PG 12 PG (2T HONETS® PuBS Y. 3& ?f}&% 0 (e
0 10%* & 109 & ()- ) 109 |
/gl;gRSr?%R(NR)CH = ((§ 102)@*& ()- )10%Q*& ()- )10%Qr& ()-'(

RARpRr RsRRAF* ) 1096 & ()-' (' ) 109 & §)APR 2004
Eggqu()- )100/@%3&' () - RRRRRRReE* ) 109 & () -
109 & ()-)" ()10 & ()- ) 109 & ( RepREERBRPASR

OR
)
) -)
()10%xré& ()-
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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.

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,

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 forrm a smooth

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

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

appearance.

A method according to claim 11 further comprising :
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) 10% & ()~ ) 100 & () - (RRRRRSSS] J, " (1 ) 109 & () - ) 10%Q° &
) 10%Q* & ()-' (- )10%Q& ()- )10%Q& ()-SSHS-S. S/ SCSVS] J )10/@&()

09 & 1096 & ) 109 & ()- ) 10%Q & () -
g%owg*&' 8 V)S\ASXgSe(&ZSy(SShL ) 100" & () - ) 10%Q& ()-" ( ) 109 & (1
) 10%Q & ()- ) 10%F& ()-' (SSSSSSSSi K/ ) 10%F &' () -" ( )100/0& pa emelépa (
) 1090 & ()-' ( ) 10%Q & () - SSSSSSSSNNO' () 10%Q &' () - ) 0%3& pag
) 100 & ()-' () L0%Y& ()~ ) LO%Y & () - SSSSSSTTON-* 90z 10%Q° & () 4 M&ﬁ%ﬁa ()-
)10%Q & ()-' () 109 & ()- ) 109 & ()-
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- 1) performing Tarmpon printing, letter stanza transfer or cubic printing

on said surfacs.

13. A method according to claim 9 wherein said prototype is made from

nylon using selective laser sintering.

14, A‘method according to claim 9 wherein step (¢) comprises applying

a (UV) curable extemnal coating.

156. 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 infitrated 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 daim 17 further comprising a coating

of paint over said coating of high glossy lacquer.

20. A rapid 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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‘ 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 daim 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.



