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CASTI NG PROCESS The present invention relates to an

WO pgOs0vHE0 | nvest ment casting process, and i n PCT/GB2005/000408
particular to a process which is nuch nore rapid than
conventional processes. A typical investnent casting
process involves the production of engineering netal
castings using an expendabl e pattern. The pattern is a
conpl ex blend of resin, filler and wax (or other
vapori sable material such as expanded pol ystyrene)
whi ch i's inj eePREIOVELY IR VIESTMENT CASTING PREFGESSE-
Several such patterns, once solidified are assenbl ed
into a cluster and nounted onto a wax runner system
The wax assenbly is dipped into a refractory slurry
cofise preseptohventionuekitds toden inproved gfvestment casting process,
powder. After draining, grains.of refractory. §%Ucco . l
arNAdpeartiedabie ¢ RreEesYY r}stﬁw&g m&r%f%%s’ apionventiona
primary refractory coating (the covering of the
as@%ﬁ%¥§e%Mtlw refractory material is known as

"investing", hence the name for the process). Wen

.the primary coat has set (usually by air drying until
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keying in the next coating. The particle size of the

st dipped mitd rorefaseshyasdunyrensisting @ireligdikbinder and a refractory

mai ntai n maxi rum nould perneability and to provide

bupwdert Weterodriagning, grains of refractory stucco are deposited onto the
damp surface to produce the primary refractory coating (the covering of
the assembly with refractory matervial is known as “investing”, hence the
name for the process). When the primary coat has set (usually by air
drying until the binder gels) the assembly is repeatedly dipped into a
slurry and then stuccoed until the required thickness of mould shell is
built up. Each coat is thoroughly hardened between dippings, and so
each mould can take from between 24 and 72 hours to prepare. The
purpose of the stucco is to minimise drying stresses in the coatings by
presenting a number of distributed stress concentration centres which
reduce the magnitude of any local stresses. Each stucco surface also
provides a rough surface for keying in the next coa;ting. The particle size

of the stucco is increased as more coats are added to maintain maximum

mould permeability and to provide bulk to the mould.
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advanced ceramcs (e.g. silicon nitride) conponents
whaws/o7d18en devel oped which of fer significant PCT/GB2005/000408

advant ages over conparable netal conmponents. Mny

processes by which such ceram c conponents can be

made are known, and these include machining, injection

nmoul ding, slip casting, pressue casting and:

gelcasting. In gelcasting, a concentrated slurry of

ceram c powder in a solution of -organic nononer is
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production of a shell nould, conprising the seguenti al
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It is an object of the present invention to provide an improved investment
casting process which obviates or mitigates one or more problems
associated with known investment casting processes and which preferably

significantly reduces the time required for forming a shell mould.

According to the present invention, there is provided a process for the
production of a shell mould, comprising the sequential steps of:- |

(i) dipping a preformed expendable pattern into a slurry of refractory
particles and colloidal liquid binder whereby to form a coating layer on
said pattern, .

(i) depositing particles of refractory material onto said coating, and
(i)  drying, '

steps (i) to (iii) being repeated as often as required to produce a shell
mould having the required number of coating layers, characterised in that

during at least one performance of step (ii) the particles of refractory



nmoul d having the required nunber of coating |ayers,

characterised in that during at |east one perfornance
w@boosHe3qii) the particles of refractory WO PCT/GB2005/000408

2005/ 075130 PCT/ GB2005/ 000408 -3 material have been

pre-mxed with a gel-formng material whereby to coat

at least a portion of said refractory particles wth

said gel forming material suclythat after contact

with the coating |ayer noisture is absorbed by the

gel -form ng material thereby causing gellation of the
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the final step (iii) of applying a seal coat

coppch shatpfeer slamtagt with thefocatingrlgygramoistukesisaairsorbed by the

col l oidal 1iquid binder, followed by drying. |In [ 1
mogebfareripgtmaierial Heerestqangings Jatmap?/ the @(éll@'ﬁ%ﬁ]%mder 50
expendabl attern is usually referred to as the

pr %HSWEZQ?&H@G %%ug%i%rq@ré/ﬁ%{gém aferpy&”)coati ngs are
referred to as secondary coatings. Typically, three to
twel ve secondary coatings are applied. Preferably,
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are applie onto each secondary coating (i.e. during
eagfier grefindl gop dfii) stfepplying adacoat benfirisstg a strey of
gel-formng nmaterial -coated refractory partic|es may
or refeactonopatiicl eppnd elledal liqidddrindgobewtacgy drying.
w Il be understood that the deposition of refractory
particles (coated or "un-coated) in step (ii) may be
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ticles are used Iin the sane step (il), e.qg.

coabedngastd wfe@sedne apreecontlamdcodtiigsuntgatady, three to twelve
particles before application to the coating. In said
secondary coatings are applied.

Preferably, the gel-forming material-coated refractory particles are applied
onto each secondary coating (i.e. during each repetition of step (ii) after
the first). The gel-forming material-coated refractory particles may or may

not be applied onto the primary coating.

It will be understood that the deposition of refractory particles (coated or
un-coated) in step (ii) may be achieved by any convenient method, such

as by use of a rainfall sander or a fluidised bed.

In a preferred embodiment, polymer coated and uncoated refractory
particles are used in the same step (ii), e.g. the coated particles are pre-
mixed with uncoated particIAes before application to the coating. In said

preferred embodiment, the ratio of coated to uncoated particles may be
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nost preferably about 75:25 by weight. Preferably,

t he anmbunt of gel-formng material used in step (ii)

is no nore than 5w % of the refractory materi al
particles used in that step (ii}, and nore preferably

no nore than 2wt % Preferred ranges are 2.5 to 5w% 1

to 2wt% and 0.2 to 1 wt% and 0.15 to 0.5wm % The
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formthe coated refractory partlc es as wel

thabauze’S@@bya&er@tof the refractory particles used.
It will be wunderstood that when the gel-formng

material is used in nore than one repetiti on. of step
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step of coating the refractory particles wth the
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drying o the ory par |cles aggro on or

using a fluidised bed or any other suitable nethod.

Al t hough the particle size of the polymer is not

cr Ptefesdbly, mdr@ltfbanmtﬁangrialf istehpo heheraanoreypreferably a super

particles is achieved by first m xi ncr1 t he
absorbent polymer exempllfled by polyacrylamide and polyacrylate. A
particularly preferred polymer is a sodium salt of a cross-linked polyacrylic
acid (e.g. that sold under the tradename Liquiblock 144).
Preferably, the method includes a step of coating the refractory particles
with the gel-forming material. This may be achieved by mixing the gel-
forming material with water to form a gel and subsequently mixing the
refractory particles into the gel followed by drying (e.g. at elevated
temperature or using microwaves) and grinding the resultant mass.
Alternatively, the coating may be achieved by spray drying of the
refractory particles, agglomeration or using a fluidised bed or any other
suitable method. Although the particle size of the polymer is not critical,
where the coating of the refractory particles is achieved by first mixing the

polymer in water, better dispersion is found with smaller particles (e.g.

about 300 um or smaller).



pol ymer in water, better dispersion is found with

smal l er particles (e.g. about 300 mor snmaller). WO
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understood that the required quantity of polynmer can

be achieved by a conbination of (i) controlling the

guantity of polyner used to formthe coated

particles, and (ii) the quantity. of uncoated particles

bl ended with the coated particles. Advantageously, the

process (apart fromthe use of the gel-formng

ma tal [ it ' r
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machi nery and materials. Thus, it wll be understood
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conpositions used in step (i) (and step i v) when

pr &dendad with thrceatedaear ﬁ&Sparticles useg i% step

(ii) may be any of those known to the person skilled

in the art of investnent casting. Typical exanples of
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step of renoving the expendable pattern fromthe

shehé samel b abtaedat dénvesshest epst{ng pjodess ustrepcgmwdntional
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from400 to 700C at a heating rate of from1l to
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silica, zirconium silicate, alumino-silicates, alumina.

Moreover, the method preferably includes a step of removing the
expendable pattern from the shell mould after the last step (iii) (or step (iv)
when present) and more preferably the method includes a final step of
firing the resultant shell mould. |

Firing may be effected by heatihg to 900°C or more in conventional
furnaces using conventional firing schedules. In certain embodiments, a
multi-step firing procedure may be preferred. For example, a first step
may involve heating to a temperature of from 400 to 700°C at a heating
rate of from 1 to 5°C/min (preferably 1 to 3°C/min), followed by a second
step of heating to at least 900°C (preferably about 1000°C) at a rate of
from 5 to 10°C/min. The temperature may be maintained between the

first and second steps for a short period (e.g. less than 10 minutes).



step of heating to at |east 900C (preferably about
1000C) at a rate of fromb5 to 10C/ m n. The
wWQ eqoperasuUr e may be mai ntai ned between the fiPGL/GBa@S/000408
second steps for a short period (e.g. less than 10
m nutes). WO 2005/075130 PCT/ GB2005/ 000408 -6 Heating
to at | east 900C nay be effected in three or nore
steps if deemed necessary. Theg.present invention
further resides in a shell nould producible by the
met hod of the present invention. The present invention

W Healﬂ?lﬁftBréth@'é U H%gl e EfeftetanaRfSe bP nidre steps if deemed
fol l'owm Mg exanpl es. Conparative Exanple 1 This

‘cofpaédhtye exanple was intended to be representative
of a prior art standard shell used for al um nium
“alloy casting and was constructed as follows: A

filled-wax test piece s di,pped into, a first slur

( pThedrgsentdrventios duphes residesinag Aaell fapu ekl by the
Coar se-grai ped stucco nmat.erial was then deposited
onﬂﬁﬁgﬂa(ﬁége§V9$ﬁv'§MFP @8- by the rain fall sand

nmet hod (deposition height about 10cm). The coated

test piece was placed on a drying carousel and dried

f orhEhpet@ftuhivedtibhwilupdeirteand e wehpnadiféiepes tofthe
| ow air novenent. Extended drying renoves noisture

fr fotlowhes exdrhpiatal binder, forcing gellation of the
particles to forma rigid gel. Subsequent coats were
appl i ed by di pping (30 seconds) in a second

(secondary) slurry, followed by draining (60 seconds),
W Qﬁ’“&%@iﬂ’ amﬁl%ico "application (rainfall sand

d. deposition hei ! o
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tot@hdard shell used for aluminium alloy casting and was constructed as

follows:-

A filled-wax test piece was dipped into a first slurry (primary) for 30
seconds and drained for 60 seconds. Coarse-grained stucco material was
then deposited onto the wet slurry surface by the rain fall sand method
(deposition height about 10cm). The coated test piece was placed on a
drying carousel and dried for the required time under controlled

. conditions of low air movement. Extended drying removes moisture from

the colloidal binder, forcing gellation of the particles to form a rigid gel.

Subsequent coats were applied by dipping (30 seconds) in a second
(secondary) slurry followed by draining (60 seconds), with subsequent
stucco ‘application (rainfall sand method, deposition height about 10cm)
and drying for the required time after each stucco application. In total,
four secondary coatings we‘re applied. Finally, a seal coat was applieoi

(dip in secondary slurry, but no stucco application), followed by drying.



four secondary coatings were applied. Finally,

coat was a
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ppl i ed
l'ication),

a seal

(dip in secondary slurry, but no

foll owed by drying. WO PCT/GB2005/000408

-7 The primary and

secondary slurry specifications are contained in Table

1, wth the other various process paraneters being
given in Table 2. The

strength a

speci fications for al um nium shell

irRaey whd%ecoabingcslary spBcificatidrisndercaithined in Table 1,

fi qHeas

nd reduce

latex agddition in Table 1
relates to the use of a water-based | atex system
which is added to the base binder to inprove unfired
fired strength. Table 1: Slurry

preparation

| at ex ‘polynmer filler type |oading content (wt)
addvith te btlervanfousopraicess parayneters haing giees ipalabded@. The

mesh zircon 77%

it2on gn A

Sedaay add
Shel.l. buil
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elbiharhbs

ledgwe

b) 200 nesh fused
?&ta@,&lt@ HpR 8

speci ficatiqns ,for co
Q62D e iiss HiRdatlay
ry 50/80 nesh 0.4 1440
0/80 nmesh 3 90 alum no-silicate

?i licda-,
g Mpler
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a: b, 3:1
@g jatex system,

a\?gg%fﬁer%je %gt?%@gl,tﬁ alnd reduce

secondary 2 30/80 nmesh 3 90 alumno-silicate
secondary 3 30/80 nesh 3 9d

alum no-silicate

Table 1: Slurry specifications for aluminium shell preparation
(all figures are wt %)
binder silica |latex polymer X ref'ractoryo
Slurry cc;ntent (wt%) laddition (wt%) filler type loading (wt%
of total slurry)
. (a) 200 mesh zircon 77%
Primary 26 , 6 (b) 200 mesh fused silica a:b 3:1
Secondary 22 8 200 mesh fused silica 57%
Table 2: Shell build specificationé for comparative example 1
Coating Stucco Drying air speed | Drying time
(ms™) - (mins)
primary 50/80 mesh - 0.4 1440
alumino-silicate
secondary 1 30/80 mesh 3 90
alumino-silicate
secondary 2 30/80 mesh 3 90
alumino-silicate
secondary 3 30/80 mesh 3 90
| alumino-silicate
secondary 4 30/80 mesh 3 90
alumino-silicate
seal coat none 3 1440
Total 3240




alum no-silicate secondary 4 30/80 nmesh 3 90

alum no-silicate seal coat none 3 1440 Total 3240 WO
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2 The shell nould according to conparative exanple 2

was nmade in the sane manner as for conparative

exanple 1 using the slurries of Table 1, except that

the stucco applied onto the prigmry and all the

secondary coatings included particles of polyacrylate

(at a' loading of 1 part polyacrylamde to 40 parts

st l(_ﬁﬁﬁ parameters are given in Table 3.
VWhen éergg\reyg%%ﬁg?% is deposited onto the wet slurry
surhacshel ﬁqoma@t@bb{jm?%@f@nﬁ@aﬁwfe&afﬁpﬂmz s made in the

adj acent colloidal portion of the slurry forcing

gelshata manher as forgcamgetativet éxampteng useredw slyrrags of Table 1,
extended drying tinmes. Table Shel | bui |

spexcepiat dhe sfuscocanil mda@mpeﬁ@xrawaéy gnd@jbth%econdary

S o b A yefqdrgéaﬁfé%;w AT
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al g0 3S I WHed! BedhSlyadrytataus *él'e%‘é%ntédﬂ)n@@ RNt slurry surface, it
rapidly absorbs moisture from the édjacent colloidal portion of the slurry
forcing gellation to a rigid gel without the necessity of extended drying

times.

Table 3: Shell build specifications for comparative example 2

Coating Stucco Drying air Drying
speed (ms™) | time (mins)
primary 50/80 mesh alumino-silicate 0.4 10
Liquiblock 144 (2.5wt%)"
secondary | 30/80 mesh alumino-silicate 3 5
1 Liquiblock 144 (2.5wt%)"
secondary | 30/80 mesh alumino-silicate 3 5
2 Liquiblock 144 (2.5wt%)"
secondary | 30/80 mesh alumino-silicate . 3 5
3 Liquiblock 144 (2.5wt%)"
secondary | 30/80 mesh alumino-silicate 3 5
4 Liquiblock 144 (2.5wt%)"
seal coat none 3 1080
Total 1110

" polyacrylate having particle size < 300 um

Example 1
A mixture of one part by weight of Liquiblock 144, 400 parts by weight of

50/80 mesh alumino-silicate and 400 parts by weight of deionised water



secondary 30/80 mesh alumno-silicate. 3 5 3
Li qui bl ock 144 (2.5wmt % * secondary 30/ 80 nesh

wa@bwgiomasei [ i cate 3 5 4 Liqui bl ock 144 (2. 5w B4T/GB@is/000408
coat none 3 1080 Total 1110 * pol yacryl ate having
particle size < 300 m Exanple 1 A m xture of one part
by wei ght of Liquiblock 144, 400 parts by wei ght of
50/ 80 nesh alum no-silicate andg400 parts by weight of
dei oni sed water WD 2005/ 075130 PCT/ GB2005/ 000408 -9
was prepared and dried at 100C for 24 hours with
ocC [ Ly 0t Xi ; it i
For e L Eh O io AP DO M 8 OIS Shis e diondfxing.
i NEhil bampl@swate deddatri 000°OYor 30 ahimges hed the percentage of
percentage wei ght 1oss to burn-off of the polyner. )
Repolytraer iniitialy gt esérat dataem s1askby relatiog: thierpatcentagesvgight

wei ght of polymer. (The percentage of polyner is )

sl ifgﬂﬁttp)bwré\s@%m%eﬂ@éymﬁéo 6y %fncgcéga&tgz@gih%tugsﬁe

wat er i.s T, Kped in . the.stucco.) an alternatiy .
ot Gobt Red ka0l By Weight B PUNERE e BeeRnighr Bl aprmer is
W L t i o The.: . . .
par (i Sszahth T RedRaHe SRl s SoRChalet is retained in
Wit gxicee.)gel matrix. Drying was effected in 20

mnutes using a mcrowave and resulted in a dry
solid,b.lock. The block was then carefully reground

to prevent major changes in particle size. This |
metsan akienaglyeriaeca prepaiatipal the pelyraerewasmixedofigorously
particles are, coated with

with water to form a viscous gel!O Olltyenr%ﬁ‘r'actory particles were then added
and held in suspension within the gel matrix. Drying was effected in 20
minutes using a microwave and resulted in a dry solid.block. The block
was then carefully reground to prevent major changes in particle size.
This method ensures that substantially all the refractory particles are’

coated with polymer.

Ceramic slurries were made up as shown in Table 1, and ceramic mould
samples were dipped according to Table 4 below, the method being as

used for comparative examples 1 and 2.



Ceramic slurries were nmade up as shown in Table 1,
sanpl es were di pped according to Table
used for conparBCT/G82005/000408

ceram ¢ noul d
wd 298l005430 t he

nmet hod bei ng as

and

exanples 1 and 2. WD 2005/075130 PCT/ GB2005/ 000408

-10 Table 4:
Drying air

Dryi ng

Shell Build For

speed (ns') tine

(mns) pr

Exanpl e 1 Coating Stucco

i mary

50/ 80 nesh alumi no-silicate 0.4¢10 Liquiblock 144
(0. 25wt 010) * secondary 30/80 nmesh alum no-silicate 3
10 1 Liquiblock 144 (0.25wt%* secondary 30/80 nesh

a' %“bﬂéhs' i aal® Build Fof Exhfttgl@liock 144 (0. 25wt % *
- oU-1EeSn qu Mmo=-STT1TT7T .
L| qw%aﬁ'éﬁ 144 (0. 25w§ ®secondary| BB%égﬁérs - Dry'“_g
al umi no-silifgate 3 10 4 Li qui bl ock| 3R2ed meBwt e (mins)
3\23] ng ry d”%‘(}? GURIN al@h#o- smc%e Exanpl £ 2| xampig 1
pe e elase i n pol ynmer
(| e. 1 % th\gla &88&?44@?2%’% ckness Compalri'sons
Trsatorsdmy of30/8@ mharhmmlrmmllmatdz QII ckneds achj eveti0
fol conparat Vﬁlqu%‘@m?ﬁﬁ@ d._zgw@l%)? nd Exanple |1 and
Ex | svstens capbe-
secondary | 30/80 mesh alumino-silicate 3 10
2 Liquiblock 144 (0.25wt%)’
secondary | 30/80 mesh alumino-silicate 3 10
3 Liquiblock 144 (0.25wt%)’
secondary | 30/80 mesh alumino-silicate 3 10
4 Liquiblock 144 (0.25wt%)"
seal coat none 3 © 1080
Total 1130
‘Example 2

Example 1 was repeated with a four-fold increase in po‘Iymer (i.e. 1%

theoretical).

Shell Thickness Comparisons
Comparisons of the ceramic shell thickness achieved for comparative
examples 1 and 2 and Example 1 and Example 2 shell systems can be

seen in Table 5.
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Tabl e 5: Shell thickness conparison standard Average
wahbdoskmase | status (mm) deviation,6 (M) CoP@QEGERI08H00408

unfired 4.99 0.39 Exanple 1 fired 4.81 0.56

Conparative unfired 9.42 0.36 Exanple 2 fired 8.53

0.

46 Exanple 1 unfired 6.41 0.42 fired 6.75 0.56

Example 2 unfired 7.35 0.93 fhk4ed 7.547 0.88 Flat
Bar Strength Measurement (MOR) The nodulus of rupture
(MOR) is, the maxi num stress that a prismatic test

Fiogggb@g Speghgpqﬂ éﬁgn@gggbﬁgﬁnggﬂ wi thstand when it is

the test is the loading of test i eces at sgrelpgt ant
rate of increase of stréwsragaﬂhl aeture occurs. The
test nethod hasStB&En (wi del Y (sed in ind gyigtion,c”

particularly tio promotie the “properties of qﬁﬂn;mul d

I'n the hree- poi nt node. The principl e of

materi-al over anot-her Thermethed—oef—testi g
s ahBEHRAT3EYE by Uﬂ‘lﬁ‘ée@rl tish § gﬁdar d B$ 1902043?34 1995,
whi ciyashp Ul atles firddie [met hod pgitesting and 0 56
di i - eraReces+egqured—to—cariy the—test
corcemnajative | unfired 9.42 o5
Example 2 fired 8.53 ' 0.46
unfired 6.41 0.42
Example 1 :
fired 6.75 0.56
unfired 7.35 0.93
Example 2 -
fired 7.547 0.88

Flat Bar Strength Measurement (MOR) .
The modulus of rupture (MOR) is the maximum stress that a prismatic test
piece of specified dimensions can withstand when it is loaded in the
three-point bend mode. The principle of the test is the loading of test
pieces at a‘ constant rate of increase of stress until failure occurs. The test
method has been widely used in industry, particularly to promote the
properties of one mould material over another. The method of)testing is
standardised by the British Standard BS 1902-4.4:1995, which stipulates
the method of testing and dimensional tolerances required to carry out the

test correctly.

For MOR testing, the samples were prepared upon a wax pattern with
dimensions of 200 mm x 25 mm x 10 mm thickness. After de-wax, the
moulds were cut into rectangular test bars. The unfired and fired samples

were tested at room temperature (18-21°C).



For MOR testing, the sanples were prepared upon a wax
pattern with dinensions of 200 mMmm x 25 nm x 10 mm

wao bdoskrads. After de-wax, the noul ds were cutPCTGB2005/000408
rectangul ar test bars. The unfired and fired sanpl es
were tested at roomtenperature (18-21 C). WO
2005/ 075130 PCT/ GB2005/ 000408 -12 To eval uate the
effect of the de-wax procedureqppon the mechanica
strength of the shell systens, the unfired strength
was neasured dry (left at 21 C for 12 hours prior to

teshidig) uﬁ@qbé?gf_eggéﬁfrg@ daRexe pPosdal st mechanjcal

appr oxi nmat el r 30 mnutes prior to testing).
Sagpéeshvél the dhedidgdtdrs ahel rsfiredrsti@eth heassineasured dry (left at
testing machine at a constant load rate of 1 ,
M2 PG doe 1araursfaioruoetesting) amRweatNalecedabaysl T sieamebath at
using equation 1 6 3PMpxl. Max - 2VWH2 where PMax is

t happradmatelyl 90° @ ian @ OHman etes siqri tgrIRSTRG - tsﬁwi‘#e\év@re

of . sanpl e fractur a, L is the span |en
voleaebea it a0aiepte akiabiibe & 2nstdhfload rate of
i ntrinsi L:ak.: perty unaffected by the

di Lﬁ@’?ﬁﬁg“@éﬁﬁhgﬁ'@@? bar. Different thickness of

shell affects the performance of the material, and an
adjusted fracture load in bending (AFLB) (defined as

t hghboadReses sy caftiiarakusing @quatioinde shel | test
pi ece across a 70 nm span) was cal cul ated. This val ue

nornal i ses the |oad bearing;cap 4 of ' the shell app)
can be cal cul at ed usi ng Equaton ZWHAFL f 6 HZ (2)
aaM where fBis a constant equal to 0.1, i.e. ’

normal i sing the data across a width of 10cm
where Ppax s the fracture load, W and H are the width and thickness of
sample fracture area, L is the span length. The MOR, measured in the 3-
point bend mode is an intrinsic material property unaffected by the |
dimensions of the test bar. Different thickness of shell affects the
performance of the material, and an adjusted fracture load in bending
(AFLs) (defined as the load necessary to break a 10 mm wide shell test
piece across a 70 mm span) was calculated. This value normalises the

load bearing capacity of the shell and can be calculated using Equation 2.

AFLy = fBO'chHZ @)

where fz is a constant equal to 0.1, i.e. normalising the data across a width

of 10cm.

Injected wax bars were used as the formers for the ceramic shells formed

by the procedures indicated above. After formation, the shells were steam



I njected wax bars were used as the fornmers for the
ceram c shells formed by the procedures indicated
w@bwsme7s1adt er formation, the shells were steanP®r/dB2005/000408
2005/ 075130 PCTFGB2005/ 000408 -13 Boilerclave (TM
de-waxed at 8 Bar pressure for 4 mnutes, followed by
a controlled de-pressurisation cycle at 1 Bar/ m nute.
Test pieces, approximtely 2Q0gg x 80nm were cut using
a grinding wheel and tested in a 3 point bend node at
roomtenperature (primary coat in conpression). A

co [

C Rl 0e RV e RS LE TS Bar A PR FfSed by a
sagBh@d|led @Bmwﬂsiﬁm @y@Ie aitnl Badehihues W@sttm@c@sr een

dry strength nmeasurenents, Exanples 1 and 2-and

COEppr@tnm&ﬁebp@@rmine& &Omml wWeresIud usasg egringding iveheel and tested
green wet strength simul ate strength durin

deimaxd pgjntdrend M ea‘ﬁ s $EMERHATHT @ ferémagy £Paf Bht

heating re These results are al so shown in Table

6 S@PH%.esi]\%"gSOS/ 075130 PCT/ GB2005/ 000408 -14 Table

6: Flat bar fracture strengths Exanple Status Fracture
Strength Adjusted (MPa) fracture load (N) green, dry

éXZ\ﬁp?Lﬁwp%ngl r éog tge(n:ﬁ%gigw%h o Zg‘i;?é aéh@@ec.*j/a't‘?olér%eﬂehéerature in
( Wﬁﬁélgﬂlocﬁht BeBB-rhobed8r thel sty bsamptiesyis3hedvrHin TaBke 6.
addltlon to the green dry strength measurements, Examples 1 and 2 and
comparative examples 1 and 2 were tested for their green wet strength (to
simulate strength during de-waxing) and their fired strength under different

heating regimes. These results are also shown in Table 6 below.



Conp. green,

wet 1.63 +/-0.36 13.9 Exanple 2 Fired

(method B) 1.32+/-0.32 9.5 Fired (nethod C) 0.98

WG-2008/02038. 7
gr een,

green,

dry 2.11 +/-0.16 8.3 Exapqi/eB1005/000408
wet 1.29 +/-0.16 5.6 Fired (nethod B) 1.15

+/-0.16 5.2 Fired (method C) 1.18 +/-0.09 5.1 green,

dry 3.154-0.

9 17.2 green,

wet 1.704--0.22 11.3

Exanple 2 Fired (nethod A) 1.84.-0.37 9.7 Fired
(method B) 1.86+/-0.37 11.8 Fired (nethod C 2.05

+/-0.33 11.2 Firing method A: to 1000C @O0C/ m n, dwel |
60 furn thod B: to 700C @
1C/1gﬁbn'b Svel I & t?né}géracttgf%tg%ch%d min, dwell 30 min,
flirnace coo| Firing nethod C tpralQQFe @,%ﬁigm n, dweljusted _
6 | nExampbe 1000C @LGGAtusn, dwel W furnac& COO0
|1 should bg noted that, as Iong as( i i red |SFReivge etoad (N)
i$ sufficiept to Q@Leﬂ chyz aIon h@mg/.ga&t [lower 12.0
shel | strengths—afe—actdalty uva2 “““““ s—for—sheH
knockOB\R-, parti cﬁfﬁﬁm We\Wnen C&Stll‘%s\"kép&fm velly sof {111
aIqu%mpjhmm I oyﬁed\/@e&ﬁggl,@?mso EQ‘IZ]({:‘,B@C@B/ O( 0408 9.7
] oug - ati X arp WEF-€
general |y satlgfrﬁét Hf%ﬁh daa‘;d da géﬁ)p?ééu% fluch mo?e
qui ckl'y thap the g,{e@ndafyd shel I s z(gzpppgr;ag ive exanm4e8
1], here as—a—tendeney—for—the et o oni
C )at(it:‘ﬁ@‘R-o el ami HEE8, Weh de- viaxi Ed; éﬁf:{él ng sorre 13.9
cr agkinpdeas aFfed (method B) 1.32+/-0.32 9.5
‘ Fired (method C) 0.98 +/-0.29 8.7
green, dry 2.11+/-0.16 8.3
, green, wet 1.29+/-0.16 5.6
Example 1 ,
Fired (method B) 1.15+/-0.16 5.2
Fired (method C) 1.18 +/-0.09 5.1
green, dry 3.15+/-0.9 17.2
green, wet 1.70+/-0.22 11.3
Example 2 Fired (method A) 1.86+/-0.37 9.7
Fired (method B) 1.86+/-0.37 11.8
Fired (method C) 2.05+/-0.33 11.2

Firing method A: to 1000°C @20C/min, dwell 60 mih, furnace cool

Firing method B: to 700°C @ 1C/min, dwell 6 min, to 1000°C @5C/min,
dwell 30 min, furnace cool
Firing method C: to 700°C @ 2C/min, dwell 6 min, to 1000°C @10C/min,

dwell 60 min, furnace cool.

It should be noted that, as long as the fired strength is sufficient to hold the
alloy being cast, lower shell strengths are actually advantageous for shell

knock-out, particularly when casting relatively soft aluminium alloys.



observed, although there was no netal breakout. The

de-lam nation during shell manufacture and de-waxi ng
woreapsozsisue to the vol unme expansi on of the i nPCWGH@E/000408

pol ymer particles as water is absorbed and the

particles "swell'. Another observed effect,

"stripping", my be due to the fact that the pol yner

is being introduced as a 'discrgte' particle: not all

the nmoisture fromthe slurry layer is being renoved

from the colloid phase as there will be alimt to

th f '

co LB HeR GrplardRlpkiRpld D3NSR okl @AM P spisfactory,

Wi bhdheinabe Pre@seedmueh sioteaguick i thanhbeaphhdardadhells
netvvor k, preventi n? gel lation and catal ysi ng
' b{eakpamilveodxarhpleall }, éhere ek laadesdeboyddmighe primary stucco

structure. The expansion and c¢racking. of the shel|
duepagngite .daj,amgn@i@s <PpIde-waxing angl 1V ing semearackiagonas also

bR Ger ATPPLEBSE SRR R OB scr oo o

particles will have a high concentration of polyner
in one particular |location leaving holes as this is

r e"l"Pﬁé% Ia‘rﬁmsatti@rrkdﬁﬁﬂgrsﬁéﬂ .mbRefaEx@e ] deanskipsanp E)e due to

2 shells did not crack at al duri ng de-waxi ng, W

t héhendlurae sxglahsicor oﬁ’ﬁkreynmh\vhdwat pothangr pastariey as water is
remai ni ng i ntact. After firing at the reduced heating '

r aebsortwst andghepariiclecisweld . ehnother shservadsefipey estrlppmg ,
é“qbwi“a,»ZB@ﬁFS“ o P2t Bras o a1 oRE T BE e Bicara ‘discrete’
oAt eL A6 A b BB Sy VB Rl P from

be tﬁé’@ bRy Ehgge §agidrady il FHE HEMIehe éxt@hwaté%frh%@mre

e AFL WO 2005/ 075130 PCT/ GB2005/ 000408 -

Vakﬂ&ﬁSp@ﬂﬁhWh@a@ner@’ restak A ether ndsitdheer tshiapped there
those for the unnodified standard shell conparative
exaviplle an exagsrest magstunawittinghe colloidal network, preventing

gellation and catalysing ‘breakdown’ of the already gellated bonding
structure. The expansion and cracking of the shell during firing is possibly
dueto a thérmal mis-match between ceramic/colloid/polymer addition or
expansion due to volatilisation of the polymer. Discrete particles will
have a high concentration of polymer in one particular locatlon leaving

holes as thls is removed.

In stark contrast, the Example 1 and Example 2 shells did not crack at all
during de-waxing, with the entire shell (primary and secondary layers)
remaining intact. After firing at the reduced heating rates (Methods B and
C) the entire shell is whole with no observed delamination. The strengths
are equivalent to the use of particle polymer additions but the fact that the
entire shell remains intact means that the shells of the present invention

will be superior for casting. Furthermore, it will be noted that the AFL



shell will actuallyhave a higher |oad bearing

capacity. Geen and Fired Edge (Wdge) Strength Tests
wah@sNER3E est does not determine the ability oPCT/E82005/000408

nmould to resist cracking in the nost frequent site of

moul d failure during de-wax and casting, which is

al ong the sharp radii and corners. This is frequently

seen in products such as turhijge bl ades, where the

coverage of slurry and stucco will be critical. The

edge test is'used to evaluate the strength and | oad

ca ' |
(RO bR e bl fgenanabtpgede e

Forunfubditiee findardestiateosmBasdtivegexpnpld $, suggesting that this
Proceedi ngs of 8th International Synposium on

| nebskl veitlt actGaBy ihaye(ePh ghes fo@b peadng chpReityibl i c,

Brno, 1995, 62-68). For the edge test, instead of
testing a plane nould surface, a wedge is. forced into

a eci al | y_designed t pLece.  The test piece is

" o Lieencand FrrenLtE VeR e SEEREt L8 T he rout d (the

prismar Y4 AdS | ' d it f i

PG BHEeS At dSRAHAE HRLaHey o Il BTEsTSE

Pr @E98Ag 1S NG nfost RG] LAint itd Firae R f@bar® dlu Rigndadv Shand

produces” symmetric trailing edge sections. The | ength

of chbtingdghidrestalengithe shap raappandicomtaky THis mfragqdently seen

the width of the sanple 10 nm Sanples tested  were

gr deprodugtssughwsttyrbine kladps exheiea the coveisage od shery aad

the sche es ||sted, aboye. The load required,to

br Stccongi Egtcrmf@iedf e 155t e SAdor AT hRiEherwength and

strength of. the.ed l.eca cal t [ '

3. G0 sopdivy 8 Beall KR0S st B shd e S Bk -

6Wige, R282Withdy3)P.A., The Fitness For Purpose of Investment Casting
Shells, In Proceedings of 8" International Symposium on Investment .

Casting (Precast 95), Czech Republic, Brno, 1995, 62-68). -

For the edge test, instead of testing a plane mould surface, a wedge is
forced into a specially designed test piece. The test piece is loaded such
that the inner surface of the mould (the primary layer) is in tension and the
outer surface in compression. Test pieces were taken from mould samples
produced using a specially designed wax pattern which produces
symmetric trailing edge sections. The length of the edge test sample was
.approximately 20 mm and the width of the sample 10 mm. Samples tested
were green (dry and wet) and samples fired in accordance to the

schedules listed above.

The load required to break the test piece was recorded and the fracture

strength of the edge piece calculated using Equation 3,



where F is the fracture | oad applied to the wedge, d
is the span length, W is the wwdth and T is the

wao bioskrase of edge test piece. The adjusted frECt/GB2005/000408

| oad of the edge sanple (AFLw), defined as the | oad
necessary to break a 10 mm wi de edge test piece with
a 20 mm span |l ength, normalises the |oad bearing
capacity of the shell at edgesand can be cal cul ated
using Equation 4. AFLW = fWWedgeT 2 (4) where fwis
a constant equal to 0.1. Exanple 2 gave a shel
structure that is conpletely dimlGansdfat ed. Bot h
green and fired sanplesquﬁwelfﬁ tacfyra nd sound. This
suggests that the red.uced polyner content not only
reduces the I evel of wet-back during green

manuf acture, but al so reduces the stress applied to
t h@vi?é“r%'f} isSthel RaBtuf [dPapplied o thé w (?@elcﬁ i©\¥RE sphatiength, W
this conbi nati on of excess noisture an stresses

genefat widithuand g igahatthicknats ohedge tdse piedey Midre adjusteel fracture
cause of delam nation. Therefore, future shell

sy soahef theeddge shepie ddfibel defined ashberpat mesessargito dreak a

D amen s adas terhBlaserviRgueOmme sulsislon o elags the

t l.t bt AFL

cofad BEAILE el 2 o P e ol T B
g@gﬁﬁ t 000408 -18 Table 7: Conparison of the edge

str €s

results Exanple Status Edge Strength

Ad] usted (I\/Pa) fracture Iog? N)_ Wa_ree? dry 1.89 (4)
+/-0.37 2.93 +/-0.51 Conp. JwBreaal 65+/ - 0. 23

2.90+/-0.59

3)

where fw is a constant equal to 0.1.

Example 2 gave a shell structure that is completely undelaminated. Both
green and fired samples were intact and sound. This suggests that the
reduced polymer content not only reduces the level of wet-back during
green manufacture, but also reduces the stress applied to the shell system
during firing. It is believed that this combination of excess moisture and
stresses generated during volatilisation of the polymer is the cause of
delamination. Therefore, future shell systems need to be produced with
the minimum level of polymer addition, a situation that will reduce shell
build costs also. Table 7 shows the comparison in edge test results
obtained (including AFL results) between comparative example 1T and -

Example 2.



Exanple 1 Fired (nethod A) 1.34+/-0.14 1.63+/-1.21

Fired (nmethod B) 1.58+/-0.27 2.25 +/-0.46 green,
wW@2@®5/07513®. 15 3.82 +/-0.76 green,

dry

wet 0. 444- -PCTGB2005/000408

2.13+/-0.39 Exanple 2 Fired (nmethod A) 0.39+/-0.08

2.43+/-1.47 Fired (nmethod B)

0.

43 +/-0.08 2.11 +/-0.74

Fired (method C) 0.42 +/-0.07 2.03 +/-0.93 The edge
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The edge test results show that the Example 2 shell has a lower strength

£
'yt d.IIUuIIl Ul I

teriats

than the standard systems. However, the increased shell build-on the

vulnerable edge leads to an load bearing capacity (AFL) which is

comparable i.e. the shell edges should withstand the same loads. The

standard deviation of the thickness measurements is much higher for the

Example 2 shell and is indicative of increase variability in shell structure.

The increased variability of the shell thickness however, does not seem to

affect the very consistent edge strength values exhibited by these shells.

The results also show that the modified system can be fired at comparable

rates to industry standards (fire A) without any detrimental effects, thus

removing a need to reduce the firing rates for these specialised shells.

Full Scale Casting Trials

Example 3

The casting trials undertaken at this stage of the project were to validate

the rapid shell build method and its ability to produce industrial size




i ndustrial scale rain-sander using coated stucco

material. An assenbly was produced with the test piece
W@2i05073130 i nj ected in virgin wax (Renmet Hyfi | PQT/aB005/000408

the running systemin re-clained wax. Shell di pping

was carried out according to the procedure set out in

Table 8 below, the stucco having been prepared as for

Exanpl es 1 and 2. Table 8: Shelip.build specifications

for Exanple 3 Coating Stucco Drying air Drying speed

(ms') time (mns) primary 50/80 nesh alumino-silicate

0. W iroppeantd roduced

al éran no- SHTJI Ca?l‘éﬂf%ﬁfl"g)lﬁwjldrf"e U|Irk())l$lock 12[2%( ﬁ%@/@@s W prodic

se¢Rmdasy B30h8Rd fm@htoaﬂh'eﬂ‘argk anbuaabé nSatéﬂals.?reqUIred to run an

Li qui bl ock 144 (1 W% "' secondary 30/80 nesh

al imdlusirial bealatrairgsaraier isingabateocstuaaol matatiod.©

secondary 30/80 nmesh alum no-silicate 3 10 4

Li qui bl ock 144 (2wt % * seal coat none 3 720 Total 770

Th@xh’\@%w@?ﬂbby pragueed kidetheaest pieaegpatdrad itjectdeein virgin

I ndustri al ndry to be de-waxed in a full scale

i naest fReaheBbinﬁéb (alnaivt@eumunnmg'h‘ﬁtem nene-clabhedwax. Shell

enpl oyed was: to 8.5 O 85 MPa) pressure

10 dpRiovgayas garr pout aﬁcwg reget QUHmLF@ELe8

Ba,bﬁqnﬁ/r ﬁqss Yo% a"%/tlgg er<l,(remlrp'r(épareol1 2 for ta(rensplgas, “Tand

Table 8: Shell build specifications for Example 3

Coating Stucco Drying air Drying
. speed (ms™) | time (mins)

primary 50/80 mesh alumino-silicate 0.4 10
Liquiblock 144 (1wt%)’

secondary | 30/80 mesh alumino-silicate 3 10
1 Liquiblock 144 (1wt%)"

secondary | 30/80 mesh alumino-silicate 3 10
2 Liquiblock 144 (1wt%)"

secondary | 30/80 mesh alumino-silicate 3 10
3 ‘ Liquiblock 144 (2wt%)”

secondary | 30/80 mesh alumino-silicate 3 10
4 1 Liquiblock 144 2wt%)

seal coat none 3 720

Total 770

The wax assembly was packaged and transported to the Industrial foundry
to be de-waxed in a full scale industrial Boilerclave unit. The de-wax
schedule employed was: ,

1. 0 to 8.5 Bar (0.85 MPa) pressure in 10 seconds

2. Dwell at maX|mum pressure for 5 mlnutes

3. - De-pressure to atmospherxc in 10 minutes (0.8 Bar/minute)



WD 2005/ 075130 PCT/ GB2005/ 000408 -20 The shell was
fired in the industrial furnace under the follow ng
WO e@s/es130 1. | ntroduced into furnace and ranpelPCT/GBR@®S/000408
450C (15C/ min approxi mately) 2. Ranped 450 - 800C
(12C/ m nute approximately) 3. Held at 800C for 30
m nutes 4. Cast unbacked with LM25 (al um nium all oy)
at approximately 800C. 5. Air.oaol ed Conparative
Exanple 2 (2.5wm % stucco particle addition) casting
using conmmercially pure alum nium exhibited, primry
coat delam nation problens on the pouring cup. The

ggﬁﬁp‘eg%q?L@ag sefByhe ATEHEtgh arS Uneks t6F Galowie regime:
corl r astt AR ERhaBE AR rntiecplip 8§ 450565 Lhnin
deékgrr%ﬁgrgé@ )of primary or secondary coats and no

Vi s mage that has occurred during the wax

repoval Raphped 450 LigtDethe 290éin wesam@rokimatety)L M25,
with the addition of a small anmount of cenent around
t h8. basdla atr0Q%s forp3 @ ceisufesormon practice for the

foundry invol yved | t hough t here were i gns of .
cr &eki n§-ast Uﬂéaﬁé@fﬁlﬁﬁﬂ“ ig";ﬁlﬁ UgBNHM #ﬁy!%@%@ppr(pgmately
rru%zlp\g@aker than the standard shell and is therefore
re I el y easy to renove. There were no signs of
prizmary \pation and the casting was sound with a
gogd surqgggg}él}ﬁi sh. The trial to cast a rapidly
produced i ndustrial shell, under standard industri al
dewax and casting conditions was successful.

Comparative Example 2 (2.5wt% stucco particle addition) casting using

commercially pure aluminium exhibited primary coat delamination
problems on the pouring cup. The casting did not show any major
delamination in the bulk of the assembly, although there were signs of
edge cracking and small amounts of primary loss. In contrast, the
Example 3 shell exhibited no de-lamination of primary or secondary coats
and no visible damage that has occurred during the wax removal. After
firing the shell was cast with LM25, with the addition of a small amount of
cement around the base of the test pieces (common practice for the
foundry involved) although there were no signs of cracking or weakening

at this point.

The shell is much weaker than the standard shell and is therefore
relatively easy to remove. There were no signs of primary delamination
and the casting was sound with a good surface finish. The trial to cast a
rapidly produced industrial shell, under standard industrial dewax and

casting conditions was successful.



WD 2005/ 075130 PCT/ GB2005/ 000408 -21- Exanple 4 In

order to further devel op the shell system a nunber of
wehb@sged3t o t he Exanple 3 process were adopt eRCT/GB2005/000408
- further reduction in superabsorbing polyner content to

reduce noisture pick-up during dipping (ii)

reduction/elimnation of inter-coat air novenents and

times to pronote fast manufactyre (iii) the use of

standard primary production tinmes (no pol yner

nodi fication) to conpletely-prevent primary coat

del ghﬂﬂ ipn (iv) '"blowng' off of |oose slurry in

bef%ee %r?ppings to reduce delam nation (standard

pr ogefldeetd furtistusévalop tve shakk sustermpfa nuntkemtof changes to the

I ndustrial de-wax and firing schedules. In this

ex &xpheplete pracass ngereadaptedoduced was an | GT

t ur bochar ger. hel | di ppi ng was.carried out accordi
to®he prabeamdIGan BuEIRSIARsRPING pobanshLopiritdp deasce
havi ng, heen prepared as for Exanples 1 and 2. Table

9: ”éﬂgwrewFFaJPE@%PSioﬁBPﬁn&qs for Exanple 4 Coating

S {5, BT P A RSO beh e ohimes

al Lﬁﬂbﬁmgifégtc‘rﬂhﬁuﬁcﬂurgo 1 Liquiblock 144 (0.25wm % *
secondary 30/80 nesh alum no-silicate 1.5 20 2

Li i) bl dloé ubdbHf (stariand %rkmamcprothraticiBlig@srespolymer

alum no-silicate 3 80 , L
modification) to completely prevent primary coat delamination
(iv)  ‘blowing’ off of loose slurry in between dippings to reduce
delamination (standard procedure in Industry)

(v)  the use of current Industrial de-wax and firing schedules.
In this example the casting to be produced was an IGT turbocharger.
Shell dipping was carried out according to the procedure set out in Table

9 below, the stucco having been prepared as for Examples 1 and 2.

Table 9: Shell build specifications for Example 4

Coating Stucco* ‘ Drying air Drying
speed (ms”) | time (mins)
primary zircon sand 0.1 420
secondary | 30/80 mesh alumino-silicate 0.1 20
1 Liquiblock 144 (0.25wt%)"
secondary | 30/80 mesh alumino-silicate 1.5 20
2 Liquiblock 144 (0.25wt%)" |
secondary | 18/36 mesh alumino-silicate 3 80
37 Liquiblock 144 (0.25wt%)"
seal coat none 3 720
Total | 1580




3-7 Liquiblock 144 (0.25wmt % * seal coat none 3 720

Total 1580 WD 2005/075130 PCT/ GB2005/ 000408 -22 +W
whegos/opaBymer was used in the secondaries, theP@DGBAE®S/000408

pre-coated stucco material was pre-m xed with

standard non-coated material in a ratio of coated to

uncoated of 3:1. De-waxing in a full scale industrial

Boil ercl ave unit was carried agb.at a naxi num

pressure of 8 Bar (180C, 0.8MPa) for 10 mnutes, wth

a depressurisation rate of 1 bar/m nute. The shell

was \f/hgRApb R &ewaB dided fih ahe kbedagar ey diee pomer pre-coated
follomng reginme:, 1. Introduced into furnace and

r appedoUpate? A0S PROGIxEch withp praoandihehyjoa2ed Hedidriat in a
900C for 120 mnutes 3. Furnace cooled. After firing,

a watéhodopatesktacuneoaigd@ftd:io determine if there was

any primary delam nation (particles are washed out

and visible) or through- ,cracks in the shell

ot t 401 RaRoR Ll SR S B Ryl bur aca
LCﬁ&Q{%@e&ﬂsﬁewﬁe o?rBGIBFr gﬁ%@@éﬂ@%@ Abaain ks WA a
of " primary dellam nati'on. sting was

ef Heptadukisition datel skebakasadisuper al | oy at 1600C
under vacuum Afterwards, the nmould was intact, with

tng?eé: dence of crﬁlcki ng, m?t ?I run-out or finni ng on '
o 0 SO A0k o B A B e kT egime
no1fi nnimgodQéed fedut fccapne aamped GPtd PO0LEIRDPA/min
‘approximately)
2. Held at 900°C for 120 minutes

3. Furnace cooled.

After firing, a wash out was carried out to determine if there was any
primary delamination (particles are washed out and visible) or through- |
cracks in the shell structure. A dye component in the wash water is used
which permeates through cracks making them visible). In this case the

shell was completely intact with no evidence of primary delamination.

Casting was effected using a nickel-based superalloy at 1600°C under
vacuum. Afterwards, the mould was intact, with no evidence of cracking,
metal run-out or finning on the blade edges (indicative of edge shell
cracks). This is again evident after de-moulding where there is no finning

or irregular appearance to the casting.

Finally the casting was shot blasted, cleaned, heat treated and prepared for

NDT testing and dimensional tolerance checks. The rapidly produced



Finally the casting was shot blasted, cleaned, heat
treated and prepared for NDT testing and di nensi onal

wao odosnzvde checks. The rapidly produced WO 200B¢D@B1B6/000408
PCT/ GB2005/ 000408 -23 castings exhibited identical :
di mensions to those produced with a conventi onal
shell and were conpletely sound and within the
required dinmensional tolerances- Drying and
strengt h-devel opnment of each coat in investnent shell -
nmoul d production is the nost Significant

rakgstin 'é{mﬁitééqaéhti'?ﬂ diRerHENE td Bbsef prodeeddtwites

and production costs for the industry. As such,

i mpoaveneohsl shwi aid mestecsom platensbunct hied witleis theeequired
up enornous opportunities for product, devel oprment,
coslimeasiongs talesandss. envi ronmental |y sound practice

of decreased energy use. The fundanental need to

remove sufficient noisture to gel the coll oidal

o LD AL o ORI gl o
"e?)PBé]’u&fion E QA sF ?igﬂYﬁl_ﬁagwttrQFe-ﬁmiﬁhg'f&tf)F Hdeeduction of
co . The alt

ord wthout dryrn ernatTve nethod, using

a faptinsaiPprodialomesstader tHevimdusiiyaphdbych, riemprogements
the water and "lock' it chemcally within the -

pomyhiehiredste wosuard chake thiees aferetppedringusi oy turities fo
nmoul d production, such that noi SCL re renoval eﬁ
dr Progueisdensiopataity eeptisgV asan ﬁ}ﬁj@raw@@mm@m ifv.sertﬁfed

;L BiAcoo8 seeas e ANet deske THE uhBamRbA et to remove
re t '
o ARy L R e A Sl et eer

makgehglh fRTEipHhstithi@en 6eeeim@by fihdiegdt dl@sativemethod of
wax/ casSting can be greatly decreased allow ng current

c onguuidiéyn tembeingpether wdustade frast éne ootload vothepdrdrpmgipThe
the potential for new markets for a currently | )
spebreatiedmetivemcisiag arsles absorbent polymer additive to rapidly

remove the water and ‘lock’ it chemically within the polymeric structure |
has been developed for investment mould production, such that moisture
removal by drying is not required to cause binder gellation. The system
has been proven in industrial practice, requiring little capital cost or.
equipment replacement as current systems can easily be adapted. There is
a huge potential for decreases in labour and material costs and the
reduction in lead times from wax/casting can be greatly decreased
allowing current components to be produced faster but also opening up
the potential for new markets for a currently specialised production route

(i.e. automotive and general engineering components).



(i.e. autonotive and general engineering conmponents).

WO 2005/ 075130 PCT/ GB2005/ 000408 24 CLAIMS 1. A
w@e@smesd3d or the production of a shell noul d, PCT/GB2005/000408

conprising the sequential steps of: (i) dipping a

preformed expendabl e pattern into a slurry of

refractory particles and colloidal |iquid binder

whereby to forma coating | ayerasan said pattern, (ii).

depositing particles of refractory material onto said

coating, and (iii) drying, steps (i) to (iii) being

reepApdsas often as required to produce a shel

nmoul d havi ng the required nunber of coating |ayers,

characterised in that during at |east one performance

of step (ii) the particles of refractory -materia

havle beeh pppeessifeethapreductien of arshicHgnautdsaoanprising the -

whereby to, coat .at |least a portion of said refractory

paﬁ@ﬂgﬁﬁgahﬁﬁﬁs§§rd gel formng material such that

after coptact w t he ating ., layer. noisture i

2Bt bed b fia b oo ek S A ey HEPeh Ul f refractory
gel g _ L e :

T IR HLRS i LOforeg) | BLIR TG hefithy (PR REoklfig lqver on
of saldpmitdsn,i ncl uding the additional step (iv),

carried out after the final step (iii) of applying a

sedli) coatepusitprg pariicles of efractofy matdrialairdosaphecoathgsand
and, col I pidal liquid binder, followed by drying. 3.

Théiiltet KBYINE claim 1 or 2, wherein the gel-form ng

T o S SHRShY s BB ) S5 SRR, g

?I |r§8ﬁg&§%}2ﬁg\/@% @Hﬁir%mbego?k@hmg‘f\%@'Jh:ﬁﬁgt%rised in that
during at least one performance of step (ii) the particles of refractory
‘material have been pre-mixed with a gel-forming material whereby to coat
at least a portion of said refractory particles with said gel forming material
such that after contact with the coating layer moisture is absorbed by the
gel-forming material thereby causing gellation of the colloidal binder so

reducing the time required for drying in step (iii).

2. The method of claim 1, rincluding the additional step (iv), carried
out after the final step (iii) of applying a seal coat comprising a slurry of

refractory particles and colloidal liquid binder, followed by drying.

3. The method of claim 1 or 2, wherein the gel-forming material-
coated refractory particles are applied during each repetition of step (ii)
after the first.

4, The method of any preceding claim, wherein step (ii) is achieved

using a rainfall sander.



using a rainfall sander. W) 2005/075130

PCT/ GB2005/ 000408 -25 5. The nethod of any precedi ng
w@b@snaysisher ei n the anount of gel - form ng nmatBCT/&B2005/000408

used in any performance of step (ii) is no nore than

2wt % of the refractory material particles used in that
step (ii) 6. The nethod of any preceding claim

wherein said gel-formng matergal is a super

absorbent polyner. 7. The nmethod of claim®6, wherein
said polynmer is a polyacrylate. 8. The nethod of any

preceding claimadditionally conprising a step of

coating at | east sonme of the refractory particles with

t hg, gel Thermktithd ofrahepretedifg clhien nwhbreindhe@radbumBof gel-
wherein the proportion of precoated to  uncoated

pafdritinesmaseréhliusestiopny perfoanasce sf bigpwéi) ¢noo more than
The neth of claim9, wherein said ratio is, achjeved

by 2¥63s p(ﬁ)g]er%ffaca@nbmﬁt@%\ak PRIIE w&e}*ﬁm %&%éﬁeﬁ Vi ng.
-material and mixing said coated particles with -

uncoated particles. 11. The nethod of claim8, wherein
sapd coat. ' f (e g Jo*e s s B i _ :

aeb: 1 or inegAedl P ol AnfikREERg VI, KhEReih 3jd gelforming
SURsRBHENTS! & supérxabrbBet pefynagtory particles into the

gel followed by drying and grinding the resultant

mass. WD 2005/ 075130 PCT/'GB2005/ 000408 -26 12. The

met hod of claim 11, wherein said coating step is

ef 7ect edheymetndigf glajime, whereia PRIYTBRY Ipa POl ac¥late.

aggl oneration or using a fluidised bed.

8. The method of any preceding claim additionally comprising a step
of coating at least some of the refractory particles with the gel-forming

material.

9. The method of claim 8, wherein the proportion of precoated to

uncoated pafticles used in step (ii) is 75:25 by weight.

10.  The method of claim 9, wherein said ratio is achieved by coating
refractory particles with the gel-forming material and mixing said coated

particles with uncoated particles.

11.  The method of claim 8, wherein said coating step is effected by
mixing the gel-forming material with water to form a gel and subsequently
mixing the refractory particles into the gel followed by drying and

grinding the resultant mass.



13. The nethod of any preceding claim wherein said
refractory particles are silica, zirconiumsilicate,
wa@bwsiomasei | i cate, alumna or yttria particl eBCT/G82005/000408

The nethod of any preceding claim including a step of
renoving the expendable pattern fromthe shell nould
after the last step (iii), or step (iv) when present,
and a final step of firing theggesultant shell nould.

15. A shell rnould producible by the nethod of any one

of claims 1 to 14.

12, The method of claim 11, wherein said coating step is effected by

spray drying of the refractory particles, agglomeration or using a fluidised
bed. '

13.  The method of any preceding claim, wherein said refractory
particles are silica, zirconium silicate, alumino-silicate, alumina or yttria

particles.

14, The method of any preceding claim, including a step of removing
the expendable pattern from the shell mould after the last step (iii), or step

(iv) when present, and a final step of firing the resultant shell mould.

15. A shell mould producible by the method of any one of claims 1 to
14.



