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CHAFIER 1 — LITERATULRE REVIEHM

T.31 Introouction

Thermal sypansions that is. an increase in length or

vz buimes upon wise 4 bemperabures 18 a8 nearly universal

property of all solids.  TherefTorey a dental gold alloyg cast

bl

into & mowlad contrachts on cooling. Moame wauy of compemismach oo

This conbrachbion must be provided iF it dis dintended bo

i

v ocuce the sige of & wax pattern invested in the mould,.

. e e o

The concepdh of conpensating the contraction of cast

b als da Found in the paper published in 19687, by Taggarty

Lok o

the person orediced with bedng Tthe Tirvst to introdoace the

Canting proosss as we know 1t boday. Tagogardt krnew bhat

gitPterent meltals posseseeod oy Ffevent amounts of contreachion

P

Jet he aohserved bThat

iy il ing From thediry moliten statey and

trilaus ocast with diffeeent meitsls all ssemed o it the

cavity From which the patitern was Taken.  He Uhought thatl

e o7 s B, seen s oo dou, gons . poen, obe s ” C g apn s xennge seen s g avon open olee poen ol ol apn geen g vvn, sua] poon o on ooy oo, WL asen, gor L TS R A A
@b oniresr e mebtals wers peavenbeod from underoagoing bhedly Tl d

cantraction bhbecasuse fF his techniaue of maintaining casting

praEsmattre For & Tetlw mounsyy e,

e that the guspansion of bthe

L1,

s

miat Ll dd was eogualising metal conteraction.

Vavious methods have bheen oropossd to provide a proper

b

amount of compensation For dental casting gold a1l logs, Tl

meEhhiod most esxbtensively used for orowun and inlay casting

-y
4+

emrlicous The bthermal syoansion of

saniddesd investmhenhs

G4 R LT

A 1w The type bto e discussed in bthis shudy.

et

i Dimensional Lhangss of Gold an s 41 lou=

Fhiamd

—

Poods The geneval view in dental casting

.-

contrachion of lLicguid metal in the mould can bhe readily

coanpeenassahed by asdding move liowid mebtal Fron bthe orucibhle,

until bthe seolidificabtion btemperature is

oy

ma e (v Loy

P9ty 191 1Ly Colemans 192 BEarnshaagy 1958 Gresenevs Marocourt

Aandg LLavtenschliagery 19720 Fhillips, 1982, i hhie obther

|

Matichy compensation of the contraction of the solidifiec

TN -

mEtaly as it cools from the solidus to room temperatures has

bezery one of the mador intereshts in bthis disoiplins, T e
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tathter has been shudied by various measurements of et they
thermal expansion o cantrachion.

A experimentally simple and reliabhle means of

mEasuring thermal edpansion s the push-rod dilatometer

merhbhod (Touloukiane el al.s 19F7)Yy i which the eyxpansion of
a specimen is bransferrved aout of the bhealted zone of a

furnace to an extensometers by means af a rod of some stable

material. & value yecommended Ffor the linsar @upansion of

goald Trom room temperature o 1887 =0 ie 1.74 per cent
rTouloaukian ek alcyw 1977, The temperature range e nat Lo
mealting temperabure (18654 0, This is bhecause measurement

becomes inoreasingly difficult as the melting temperature is

hermal expansion value at the melting

approached. T

iz

oampeyature can only he calculated by exbrapolating the

Fe oy

ey

s ranslon values obrailned at lower Ltemperatures bho that
temperature, Hecentlyy Fingery and Jédvygensen (1988) measured

the bthermal exdpansion of twelve dental gold allous by the

push-road dilatomster method. Fach specimens 25 mm long and

-

G o in diamebtery was annealed and heated o a temperature

which was approadimabtely 50 0 below its salidus temperatures,

The mean bthermal exdpansions caloculated by sextrapolations fFor

The range eoom o esalidus temperaturegs Tell helbwuesen 1.6 and

el per cent.

Methods of measuring thermal exypansion can he divided
into btwo classesgl (1) relabtive methodss 11 which the

egxpansion of the material being inveshtigated is measured

relative bto that of anagther matevrials; and (&) absolute

msthodes.,. i which the expansion i1s measured directly

(Touloukian bt al.y 19771}, The push-voad method hecomes

|

abxmolubte wuhen bthe expansion of & specimen 1 measured by two

s bthat penetrate bthe holt zone of a-furnace in & divechion

pearmendicular bto the specimen axisys instead of i line with
1. This is the RBaudran or soissors dilatometer (Touloukian

EE"IZ: &.‘.1 n 9 1{:.?"?:;;} £

There have heen only a Tew papers in which absolute

methods were used in measuring thermal expansion of dental

casting allous, An absolute metbthod, the twin—-telemioroscopes

{comparator) methody was used by Coleman (1986 1928)., This

mupansion of larges

mezbhod 1s most useful fTor measuring

ap@cimans at high temperatures, The best resullts are
ohitatned when bthe two micoroscopes are rigicdly mounted to a
har af low expansion material and the length changes is
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measured with Ffilayr micromshtey eyepisces (Touloukian et al.y
1977 ). Colemans using vods S8 om long and 1 oom it diamstber,
mEasured the thermal sxpansion of gold and a gold allow From

*

2%k @IS and Helld =0, respechtively. These were the highest

temparatures alt which the samples remnained vigid. This
carticular allowy (Y@E&5u ~ 1ECH) melts over the rangs 548 Lo

Gt s Py extrapolations Coleman gave thermal WErATIE L ON
values af 1.76 pey cent For goald and 1.46% per cent fTor the

gl alliowy. It ia interesting to note bthat the faoarmer value

o 1HGS 20y iw the same as the reference value

il

{emvbraponlated +

recommended (to LEEY RCY by Touloukian and as such is

miightly low.

Lot before Coleman’s measurementy Price determined the

linear sypansion aof gald fivst by the push-rod method 196058

ancg then bhy & single telemicoroscope tend comparator ) method

(159113, The sxpansion values determined by the latier

-y

fli

=2t R sagyrees up o abhoult 1@EE o0, with Touloubkian®™s
e T ey e e, Moasevery Frice covrrected the data for errvor

caused bhy racdiation Ffrom bthe specimen and then caloculated

the expansion valus at melbing point by edbtrapolabion. A

va e of .28 per cent was Finally obtained. This Was Vieyry
close to his value of Z2.935 pey cent aobtained by the provious

piish-rod method.

The corvrection appears o e inadegsuate as the valus is

considerainly higher than the reference values (.76 per cenh)

oy YTRAT e, Femansion values determined by extrapolation
gepend on bthe accuracy of the measuremesnt near bthe sagoing

T IR n B Himilar difficulities were also probably encountered

Iy Colemanys as evidenced by his slightliy low value of 1.76

oy

pesr cent by extrapolation to 1884 2 compaved with the

references vaiuse 1,76 pey cent bto 1827 o0, Tt im

auestionable whether the exbrapolation to melting point 1is

essenbialy since the contraciion of a gold allow can be

eawily altered alt such bhioh temperabtures where wyiglding of
the allow could gcour (Kasaharay 198H4) .,

Srnather absglute method of measuring thermal expansion

i by ubhilise the fact tThalt liouid surfaces have a tendency
by assume & shape that minimizes thelr surface area. Mernoe .

Tiaguid droplets take on the shape of a spheres although

s ternal forces conmonly acht to alter or flatten this ideal

&SR, & methood for measuring surftace hension. the Sessile
gdyrop method.s involves the messurement of the maximum
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.

diameater and the distance pbetwueesen bthis diameter and the

stmmit of a drop of lioguwid resting on a surface (Bickermmarn
19761) . The Sessile degp method can also provicde the density

aamtablished Foar

atf & mabterialy 17 an accurate method can bhe

bhe caloculation of deoplet volume. Hefinements such as

militiple recordings aof droplet shape by voltation and

integral areas summabtion of droplet shape hy image analusis

weare attemphed by Kawali, HasEgawsas and Rato (19582 .

The refinements gave a volumetric contraction of . o

.

ey ent (lineavly 1.73 per cent) of gold during the

solidification (Kawais 19862)., Surpyrisinglyy, Frice (1911)

, gave a similar value, for the linear contraction of gold
uwpon selidification, of 1,64 per cent. RKRawal alsgo gave &

vatlue fFor volumstric contrachkion aof 5.8 per cent {(linearly

183 pey centd) fraom meliting Lo room temperabture for gold.

This value is comparable to the reference valuey 1.76 per
eyt (1EEY S0y

Fore commonly seen in bthe gental literatbture 1s a tupe

af relative mebthod of measuring the contraction of casbting

allous. Hince bhe messurement simualates the casting

pProoess,. the contrachtion here is kEnown as "gasting

ahirinkage?, Measuremnents of this tupes where the size of a

cashirg des comparved with that of the mould aof bEnown

dimensions 1n which the casting soliditTies and cools have
e
of cashting shrinkage (Mollenback and Skinnerys 194686 or

= calledy, in the dental literaturey "dirvect measurements”

Hdetinec by

samiremenbts of "actuml casting shrinkage® as

[ -

i1t

Farnahaw lWREY,

S ey determining the expansion of gold and a gold
allog (28480 ~ 18Cu)Y by the comparyator mebthody Coleman (194350

1928 carvied out "casting shrinkage” measurements for gold
and this allouy. Casting into an investment in a stee]l flaslk
hermined bthe shrinkage of the gold

of known dimsnsionsy he o
allowu {(&g.,.4

o long) vod to be about 1.235 per cent.

il

Since this value differed from that he had obtained

weing the comparabtor method (.68 per centls Coleman (and

i3

Socery 1927 suggested two possible gexplanations. b= i bt hey

il

-

eing restyiochted by Ffrictional

)

the ashirvinbkage was

setweesn bthe casting and the walls of the moulds

—

intaerlocking

"aetyreboching” the casting as 1t cocledy oy mollen matal
entered after the peripheral areas of the casting had
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.

sl 1old Fiaed, Coleman appears o indicate that the "caswbing

shrinkage! value thus obtained is inTluenced by the Factors

ey ing Lot Dhe Casting Pproess, Ae such it should he

e, His statementy bthat variations in

comet devred varialk

temperature from 48 -~ A@0G <0 had

Bjplg=R

Casting pressure o moulo

'3

viery little effect on the value determined (1.25 per cent)y

gphxwaoures this orucial point.

Lh seems LThalt tThere was a gengral acceptance of

Coleman™s Fioures 1.2 per cents as a Fixed entihuy, Tt was

used as bthe value o bhe compensated in making sesmall dental

castitgs (Doudeyy 19SS 1WA, Since no single invesbtment

was avallabley, at the times to fully compensate For the

comtracthion of gold allouss various mebthods of partial

oy

compensation were pult forward. Toatal of the partial
coanenaationss 1mplemented at different stages of the

Casting processy alwags needed bt bhe .25 pear cent. Van

Moo (19538 while having muach to say abiout the method of

cosnpensationy aceepted the amount of gold contraction

wi bhout auestion. & gdental casting invesbtment (75 per cent

crlsbtobhalite and 25 per cent plaster of Paris) developesd at

The american Nabtional Bureau of Shandards in 1930 was said.

at The Dime of ite introductions to possess "sufficient

thermal sdpansion bto compensate conmpletely forees.the 1,235

=0t Ccasbting shvinkage of gold? {alloy) {(Taglors

2 A

Fatffenbargsr and Suwesneyy 19WE3Y . Tus patents for dental

casting investments lodged in 1933 on bhehalt of major

AmEr L can dental companies contain statementes that hthe

smuansion of an investment should be around 1,35 pery cent bo

31 1ng

L ]

Of faeet the shhvinkage of {(gold a2llou? castings during oo

alinle

=i bher Taulor nor bthe

(Moorey 195338 Van alleny 1%33). ff

patent holders cited a veference for the 1.25 per cent

mhrinhags.

The Tacht seems o have been universally bEnown and

Maving beeoen discovereds "ih became & simple mathematical

Tormala o develop & btechnique. ... o compansate For the

cshrinkage of gold? (Mollenbacks 194373 . It appears that the

reanearchers at bthe time regarded Colemans "casting

ahrinkage” value as a Tixed enhtity,

Measurements of "casting shrinkage" continued.

Hol lenback and Skinner (1%944) tried to measure it by using

specimens more closely approdimating the size of an inlay

Than the 8.3 om long specimen cast by Coleman. Their
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investment mould was kepdt abt rvoom temperature to avolid

dimensional changes, Caasting shrinkage was measured to bDe

1.7 3 @.8% pey cent for gold and 1568 4 @681 per cent Tor a

S

2 carvat darvk gold alloy.

Farnshaw {19687 caast rvode &.3% om long and 8. 32 om in

gdiameter into a ool invesbtment moulds and measured bthe

shrinkage of gold o be l.74 X @03 per cent. He stated

that this value agresd closely enough with bthe 1.867 per cent

obfained by Hollenback and Skinnery and that differences
might e due o differences n experimental methods.

Farnshaw’™s resglt is closme o Touloukian s reference values

e 7 per cent (1827 =Y.

1.3 Development of Gupsum—bondsd Investment

Mupaitn moulcds weve used inibtialliy for gold castings.

Fyioee (19WARY listed plaster of Farizs as an investhment

materials repovbing bthat its maximum bthermal expansion atb

LAY 20 was bebwsen @30 and 80453 per cent.  Flaster of Paris
i of ecourse unsuitable Ffor accurate cashingy since casth

conthvachktion aftrer this indtisl small

Fy e

IR ETELLI U OIS goEs rapd ol
supansion (Fricey, 19688y 19113 Tawlor, FPaftfenbarger and
gy LW AEE FPhillipsy

Sweesniey s 19AEL Volland and Patfienbharg
1@y Moriy 19%8&).,

e

The investment Taggart prefearred at the time of his

papey (19AT)Y was Peck s which, acoording to Price (19E8) 4

expancded about @8 per cent at GAG @0, Py 1988 Taggart had

marketed an investmendt undsr hilis OWwn NAaMS. I was regardedc

g one of the hest investments of bthe dauys expanding @, 85

I

par cent at Bag o0 (Pricey 19008, or @B.77 per cent (Shells

A

19&1) ., 1+t econtained 37.8 pey cent plaster of FPariss 57 .5
2 (el ].q 1966 .

1}

-

e ettt silica and 5 oper cent graphit

I 19368 Taulaoars Paffenbargsy and SHSueeney measureo

aight commercially available

ohysical properties of thirby

investmnenhts, They consisted of a mizthure of plaster of

Payis (1% - B4 meay cently silica in the form of quartsz
{78 - 42 mer cent) and other additives such as boric agcid
and araphite {up to 5 per centlsy and they were divided into

three classes bhased on plaster content {(and thus thermal

MBPATNSIon) .
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- Ty

The investments containing aver 48 per cent plaster af

Faris expanded

gl 8.1 ~ @.3 per cent when heated to about

Ly — algild «Cy but then underwent marked contrachtion. This
maw edplain the fact that mould temperature 468 - S0 =0 had

Paiddtle eoffect on bthe "casting shirinkage” detevrmined b

[T TN

Loyl eman (5
A o~ G0 per

el ion e The second grour containing about

cenih wlaster of Pards supanded sbhout 8.1 - @. 2

ey ettt dnitiallyy contracted andg bthesn showed a secand

sypansion {about @, - 8.8 per cent alt 788 «2C)., The thivd

gyoupys "hioh sidlica investments"y contained a hign

oraporbioan of guartz: and lese bthan S8 per Cent plashter.

They

e

pupanded more o less continuously (up to about @G.%9 per

centl) bo casbting btemperature bult were wealk at hiagh

tamperaltures.

e i mrss b el n

increasese bthe thermal

{ 192%) patented the use of bovic acid to
s pmansion of guypsun-bonded investment

Fr v

and o ingrease i1ts high temperature strengiih. Tt was shill

sy it somes commercially availlables investments in 1954

finlasaon: Hueeney and HDhoonover ). Tern out of thirty—eighl

investments tested by Tavlorys Patfenbargesr and Suwesney

L 1RAE Y contailned B2 to 1.8 pey o

2l boric acid. L.atear,y

Monre (19331 abtained a patent an the use of soacdiumg

pyhasmesiuam ang lidithium chlorides ho inorease the thermal

sMpPpansion of gupsum-bondesd investment. Moddlium chloride was

Fownigd bo e most ertfechive

=F bhe bthrees and Moore sugogesshecl

a concentration in the investment powder of .8 peyry cent.

The 1938 sugvyvey by Tawlors Patfenbarger and Husenanys

i

toagehher with that made by Coleman btuo years praviopusiy (on

g ) @eveRT  Conmenn

cially available investmenitsls and an

investigation carvied out by Valland and FPaffenbarger (1%330)
ahiow thalts up to 1938y no investment possessed suffTicient

tThermal expansion to campensate For bthe 1325 pery cent

"erambing shrinkage" determined by Coleman (Section 1..23).

Sehbhing edpansions although Enowns was not considered an

tmpoytant pard

of investhment @dpansionys most probably

hrecause cashing vings at the Lime were unlined. The anluy

wak ko make an

atcurately Fitking croun was Lo augment

thevrmal expansion of an inveshtment hy wutilising bthevrmal

pyvpansion of the way patterny an idea initthially proposed bhu

Van Horn in 19184,

& break it

~otrerh came when an inveshbment containing

7R pey cent oristobhalite and @25 per cent plaster of FParis
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was developsd at the Amevican NMabional Puresu of Standards.
The WAP yatio was &, 48 and it was said at the time oF ibhs
introduction to possess sufficient thevrmal

. sHpansion Lo
e lwy For bhe 1.025 per cent gold alloy
"rasting shrinkage®. The Fivet data on this material

£

compensabte complel

appeared 1n the 1950 survey bhy Taylors, Patfenbargeyr and
MILEETTIEL &8 AT

e XY

srperimental investmenty 10s setting @dpanslon

rep LT
[

waes B 549 mey cent and bhermal
g o0 {(WAF vabtio 8,438, Thes

2y ettt at

Bk

T

gupansion l.27 P
i

Moermal eqdpansion exoceeded by
fayr those of the thirvty eignt investments avallable at the
T .

The bhigh thermal sypansion of this investment

it

mesmesniltated provision of & cushioning layss in

asch 110y
rings and Tawulory Paffenharaer angd Sweeney (1960 descoril e

i
L.

the application of a wet asbestos liner for use with bthis

e Lrniveshment containing oristobalite {(oristobali te

il

investment ). Freviousliyy thermal edpansion of investment

containing auarty (guartys inveshtment) bhad been generally
s bl

srotiahl bt be accomnodated without & liner by the

thermal sxpansion of ving materials. while the el b i

@ydpansioan would have heesn almost conpletely restricted. The
theEr s

llen

swpansion curve of bthe new investmendt was relatively
flat in the range 538 Lto 871 20 and Volland and Paffenbarger

ST

{1932 dyew asabttention to the edxcsellient range of temperatures

alt which cashtings could bhe made. They zhouwed bthat castings
mace alt various temperatures oveyr this range all Fitted

T L

steel FMOD dises, It appsared that the ideal investment had
ieen Tound.

o

Srniother impovitant development was taling places around

This timesd & webt-calocinsd {avutoclaved) plaster marketed
under the name HMudrocal was developed in 1933 by Handel and
Dailewy (1933). Wet-calcined plaster {(more ocommonly BENown &

gut uiy

dental stone) and drvu-—-calocined plaster {(plaster af Faris)

ave different in the amount of water regquired to give &
woemrkabhle mle. Tumpical WP ratios are .25 - @, 50 for

wat-calocined plasters and @.580 for dry-calcocined plasters,
and the difference results in gsignificant sthrengthh increases

(hwe toa bthres times) of the cast gypsum spPpeClmENS prepared
firom the former {(Earnshaws 1975 Combes 1%81). It is
Yhought thalt the traditional plaster of Paris in dental
casting investments has b

men replaced by dental stone
(Ghelly. 196881 Phillipsy 19WEH2). Howeverys 1k is nat generallu

il

b b
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of hemibuydrate 1is used 1o & given

Lriown whioh btype
conmmerocial invesbhmhent.

Ditferences hetweaen webk- and dry~-calcined plashters,

when bthey are heatedy, have heen the subdech of many papers
bupmes of

~onsd derable number bave shown that the hwo
wishned by differential thermal

amnalusis (Fowell, 1958EY Fleck et al.s.. 1% g HMuntzeys 198653
aivalusis (Fowel PR EY Fleck ot al 1“&HiAas Muntze 1945

Holovidogsey 19857 Mivazabkiy 19%&&ay 1%6ahi Ball andg Uriess
ATl Borisovy LTWEE . The method may reveal the

ard &
hemid hydrate can bhe disting

W78y Bushuey

tyme of hemihydrerate incorporated in commerolial gupsuam-bDondesc

itnvestmenos,

i

inveoshment {Herr

The fivst commerocial oristohalilte

ey EaL)

Criwstobalite inveshtmenty WAF = @,408) appeared in & pap

Yan MHowrn (1%584) . Tdh was said bto possess a thermal expansion

b 1,35 pey cent al &aa% o0, The: tupe of hemihcrates,
b TVt . Van Horn

plaster of Paris or dental stones, was not
ey

foung that castings made From MOD way patterns were @B, 3
Me continued to recomnsnd sl owsy sething
muransilon ofF the wax pattern by

mesans 0of a wasrm watey hath. Moy alao showsd & thermal

Exmanslion curve ofF an sdperimental investment wilth sven
fiagher bthermal eqdpasnsion at verwy high temperatures. Thiue

i
inivestment was too weaslk For ordinary dental use, Van Horn

axmeoted the 25 -~ 238 per cent plaster content of Herr
Deaspithe hThix

cextrh undsrsi e and

Fr e

investmente bthat allouwesd

»

Lrvistobalite inveshment o make 11 too wealk.
F woald alloys is

SGhinner.

ang the yeporte that "gasbting shrinkage®
e l.&7 hta 1.74 per cent (Hollenbaclk ang

i

P

b

in bhe rang
19468 EFarnshawy 1981 this dnveashtment material has bheen

used until todaswy wibth little change 1in basic
gupanasion and WARF ratio

g cder 1y
proeperhies such as thermal
SybivondRerrys 1WEBS. This s probably bhecause bthe concept

of combining sething and thermal expansions has heen widelyw
accepted {(SDoudery 192278 Colemans 192835 Van Horng 193543

Greensrs Harcoourt and Lautenschlagers 19729 FPhillips, 1982 .

1.4 Investment Expansion ang Casting Accuracy

{1952 ) was the Fivesh ho discover the phenomenon

Soheu S
o gupsum-bonded investment in

sarhanced sebthing expansion

el

af
the presence of watersd in 1933 he named it "huygroscopic
uriti )l LWAEAS that attention was oh&awn

Mipansion® . It was notb
ey the Fact thalt some form of enbanced 2¢pPpansion Was

i
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il

unintentional lu ocourring in casting vings lirned with wet or

iy ashesthos (Soheuws 19355, Seoheu demonshtrated thal the

e imtobalite investment was lessith

sebhing expansion of &

uhen cash against a glass slaby greater when casht against

vy asheshtosy and greatest against wel asbestbos,

HMugrosoopil o techniqgues have heeoen general ly discredl ted
as manyg invesbigators have Tound that they cause

considerabhle distortion of invested wax patibherns (Jdrgenseit
1954 SDuffert and Mahlers 195855 Fusayamasy 195%as 195905

Mumford and Philliess 1958z Van akenys 1%9613F Mabhler and adyy

T W&A) ., It iwm also generally considered thalt expansion

andsor distoerbion of way patterns invested 1 casthing vings

lined with wet ashestos lingvs. although much less than bhad

auvsed by dmmersing investments in watery 18 signifticant

7 TN

(Fumayamas =akuraid and Susubkis 19575 Fusayamay 193%ad van
Sliens 19&1Y Hhells 1956W),

Foy bthis reasony many authors bhave recommended reduacing

investment setlhing &:

ansion {Skinnmers 1W337 Fusayamas
BY 3 Mumford and FPhillips, 1958a4
Fusadamas 198%a) o wvan akenys 19E18 EBEavnshaws 19%6Yasd Finger and

: 12
Gabural and Duzulrd .y 1WE

JEhrgensens 19885 Fingeae, 190800 oy reducing 1ts eftect by

sing & waterprooted lining tFusayamas 195%ay 19253%05 wan

Bleny 19613 MHManariys 19475 Shelly 196%). Fovy this to he

prsaibhles an investment s requived with sufficient Lthermal
exmanesion to fully compensate For The contractbion of gold

i

Rocearoch work by Fusagsmays EBEasrnshaws and Fingey and

JHrgensen may represent bthe efforts made Lo incorease tThe

thermal sxpansion of gyupsum-bonded caesting investment.

For Fusayamas providing for cement space and minimising

iftvestment sebting expansion weare an sssential part oF his
thinking {(Fusaygama 19%%a, 1959h, 1962 Fusayama &t al.y
19%&3y 19%aE4a) . sming a figure of 2 per cent for the shrinkage

e cinsy he concluded thalt this would also

af Full gold a&lloy
her bhe ideal amount of tatal “pansion for an investmend

{1.9% pey cent thermal eypansion and @059 per cent sebhing

EMTATISLON ) . This figure was completely unrealisticyd such an

investment was nobt available {(Fusauamas 195%ay 195%h0hy 1942 .

1

Fusadvama stated that the bhest way o compensates for Lthe

lack of thermal expansion was to use a slightly increased
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b iy eMpansion. During his visit to bthe United Shates in

19%5éa andg 1957, he used an experimental investment (Hansom

rrl wmehhing edpansion and

and Handolph Companyg? of @. 23 pey ©
L. @@t pey cent thermal edpansion (Fusayamas 19%5%02. Crowns

{William’s Mard Inlay Gold) made with this investment showsd
a dimensional changes Trom the way pabtbern of .04 per cent.

Fusadgama put Torwsrd anothey mebthod o compensate For the

lack of high thermal edxpansione an edpanded stone dies he

-

L

muggested that 17T a 8.5 wer cent exwpanded stone die was

S

ety Then 10 would only bhe necessaryg o ave an 1nvesthmen
with 1.5 pey cent btotal svspansion for full orouns. The

ko mohieve this expanded die were

materials hie raoommencs

A alginate impressian material and a high sebting expansion

shote thusayamae 19W3Whs 1960

Hftey hie reburn to Japan. bthe bhest investment

avallabkle to him at the time had a taotal wmansion ofF 1.6

pepys cent (thevmal 1. 58 per centy setting .28 per centl.

el

Froan bis caloulations (Fusauama el al.sy 1963) 114 can he

deciuced that tThe orouns made with This investment would nob

Prave Tibthed back ontog their stone dies. Meverbhelesay  Lhey

rement space an btheidrn

should have proviced & 1@ -~ 28 mioron

Tooth preparabionss &as bthe preparations should bhave bheen

[ ] BE
Ly

amaller bthan the shtone diess, If the factor of the syxpanded

amicevecly Then the dimensional ohanoe of

shone die were to he

the cast orown From bthe wax patitern would have been in the
e pderye of -l 8 pey cents which 1s bthe same as that VYarn Horn

o —

gixbained with Hevr Oristobalite inveshment (135 per cent

Thermal expansiond in 19534 (S8oohion 1.37.

It d=s obvious that Fusaygama was sgarching for a bilghey

apEis il on investment bhut never found ih. The

thermal

restriockion imposed by minimisming the amount of investment

aEhiting exdpanslion had forced Fusayama o look elsewuhere for
rrasmh iy Fawven including his "expanded

i1

=il arge T

.

- .

T RN LS o
wirking diey priore to introducing die reliefy e sthill only

Fragt 18 -~ 2@ miocrons of sipace for cement whichsy as he labare
discovered {(Fusavamas Lode and Hosodas 198491 caussd bthe
rementation. In 19&4

-

crouns o incompletely sealt during

Fusawama resorted to die reliet o incorgase The cement

SRa e,

Farnashaw studied the effech of additives on the thermal
vpansilion of gypsun-bonded casting investments (Earnshaws
19&ly 1975y the ulbtimate obhdechtive heing the development of
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arn investment with a veryw low sebtting expansion and & high

thermal @upanslon. In 1%&ly he incoreased the Thermal

. ik

alite investment From

sdpansion of & comnercial orisit

i3

Lad ey cent bto 1.5 per cent st 780 <0 by incorporabting a

[T T

1 ey cent gluceral solution instead of watbey., Iy 1975, e

shudied the effect of MaOl which was paternted by Moors in

1933 (Section 1.3). An experimental investment with #.2 per

il

et Mall added to bthe powderys combinsd with bhe 18 per Cend

o -

glucerol soluations exhibited up to 1.7 per cent bhermal

Expansion &t TG S0, bler mloo situdised the et fects of Dorl o
| aoid which was patented by Weinsteln in 19WeY {(Sweobion 1..339%

g Fewiniod bhiat it had &a ssimilar effect o that of gluceral.

E¥Ekn

angey and JEvgensen

C19EEY developed an experimenital

i
Figh thermal exoansion (1.7 per cenbtl investmend. The Bioh

amoaunt of cristobhalite and guarts btogebhher with &

cirmhrination of gluceral asand borio acid oroduced the high

thevrmal sxpansions while the addition of sodiuam olibtrate and
mich@msmsium cibtrate ket the sebbing edxpansion low (8805 per

wias For use wibhout =2

T -

eyl . The inveshment was sbhrong and

shesl casting ring. I dis nobt commercially availlabl

4

High thermal expansion investmenhts have naeveyr

My lsm) taeod, Investments havinog a thermal sxoasansion of

abwaat 1.3% per centy btupically Herry Cristobslite Inlay

investment,. have generally bheen used until today. 1

appears . that this investments using one layer of wet HKerr

golod allow orowns of good

i .

anbsshon, has been producing

)

198&Y Foung bthat the castlings

glimEenslonal Soouyraog. Py e

i

Yhus produced were very close o the size of the original

STy el 8. @3éE pevy cend. The yesult is relatively

. -rl t"
it a7

Frod ol compayed withh bthose obtained gy MVMan Horen (@, 3 per cent

Foar & 1.5 per cent bthermal eyvxpansion? and by Fusavama (-~ 03

=il cbhermal sdxpansion? as descrdbed

e ceEnt For & 1. 328 pey o

alm

mrEevious iy, The total lingar edpansion of Revry Oristobalite

irveshtment cast against wet asbestos lining material has

e

been reported to e 2.0 pery cent {(sebtbing 1.15 per cenl

Thermal 1.15 per cent) (Harnsbhaw. 19827,

It appears that a slightly highey thermal expansion has

—

bl o Y

bizey achieved. ming & Oristobalite investment (thevmal

i
u"ll
1
%3]
o
0
HE

gxpansion valuey, 1.4%3 per cent) with a waterprooTed asl

-

[ o ]

Piney (F, 5

0
N

i Thii ek sy MNMakanishi (1975 was able o pr

s whioh were largey (on averages @15 & @6.17 peyr cent at

ey

ey
gl

the ooolusalys and A.5% 3 B, 21 opey cent at the shouldery than

ey
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= T

the metal dies., The thervmnal expansion value of this

investment 1s B.9 per cent hiagber than Dhalt of Herre

Crimbobalite investmenty when bthe values provided by bthe

manutTactburers are oimbsaredd.

Many investigators have sahiown that a space of 38 -~ 56

miorons 18 eessential Tor gebtimal seabting of orowns afber

cermErchabion (Jdlgy 19EYS Meupfaulys 19688 ovowns having Lhe

ey called Frichtional Filt {pyvesumably Fibtdting o within

3 - 18 miocrons? produce & thick cement layer at the shoulder

ErY ] - >

(Fusaygamas  lde and Mosodsay 1%4645 Nakanishiy 1975, On a

TED mon orown preparation. a sopace of 38 - 50 microans

| vapressths s Wed o~ 1.6 per cent dimsnsional changes Tyom bhoe

M Mt gee poet ofen ager Jre, sus sfos pesa pers wles fes W e p pees, gren wen b s wea dlem 4y aess "% wave oo Feel w3 prae booe, wen, gute o3 sees ., -l e P ‘e 4y '
st oEe of bhe boobb prsparatlion. T bhis hasisy andg assumins

miriimal dimsnsional change in the siye of Lthe wax patbterns &

chranigge Py o

geaml fF establishing & 8 pey cent dimsnsians)d

the metal dis in the laboratorey expeviment s clinically

valtids omly 1F a method of providing the .6 -~ 1.8 ey cent

1E mm preparation) cement space i1s aleso sshtabhlished,

[T

Al

Iin the laboratorys tThie @ pery cent dimensional obangs

From bThe disg 1s hes mivnimum reguirement for &8 cast gold

Yttty since bthe casbting should bhe alt lesst lavge enough o

it baok anbto the die on which the patitern s mades.

g &

Albhouoh bthe method of ghtaining the .68 -~ 1.8 pev cend

CeEment soace has Dbeen 1itbbtlie studisds 10 appears Thal some

i il [ L]

ey

i lowanocs For cement space 18 ususlly achieved because of

The oognbined effect of impreseion materisal shrinkage ano

shone edpansion.  JEvgensen andg Fingse (1979 Filled this

giserepancy hetueesn laboratory and olinic by introducing the

TE™ Ny & Correothsd master giled their &im 1 bto obvibtsin a o sliode

o A

Filh (oloase ho the @ per cent dimensional ohange) on a

el levend dies o pyoduce & loosme it oon bhie btooth

!::, Al i‘;; A 't :i. R

The uss of asbhestos ving liners has bheen regasyoded as &

Mealth rigk (Frieelh and Hovney, 1988 Y1i-Urpogy @ilo and

-y

ik

it

alveyucly 198 and bthey have genevally bhesn replaced Dy

alternmative materials. Thess are of btwn btupesy cellulose

arnd ceramic. The Tormer veadiluy absorbh water and 1ike

asheshos are pre-webtted, while the lathters st stmospheric

£ i

sed dey

pressre,  do not absoeh water and are normally

—

.3

(Rlasu and Mogucochi. 19825 Morey and Eavnshaws 159873, Moves,

Lo, )

{1908 showed That the @ per cent dimensional change

}

s@alithe Inlay invesoment and

acrhieveod with Eery Urishto
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aushewabos (B9 mm thick) was alteyred ta ~-@.1 to @, per cent
wi bl cEramic lLiners, Cyowns werse further undersized when

investing was carvried oul under atmospherio pressured bthe

orliginal WF ratio of the investment mix was greatly reduced

i

as bthe watery in bhe mix was absoerbed by ceramic liners

i}

I T

Uiy vacuum investing. T is reauired to achiev

s
L,

1 ey

o

= withh an ashestos substitube,

el

cant dimensional chang

15 Measuremsnt of Investment Cxpansion

The hydration of plaster or stone o Form gupsums when

a gupstim-bonded invesoment o Ls mided wibth watery 1s

_.
Ll

responsible for most of the sebhbhing edpansion. The sething

itnivestment incregsss it volumes From the time o the

dimappearance of the agueous phase into the pores Formeod D

gy i hg gupsurn orustals, which s observed as The bime of

Lopss

= F mloss on bthe surtTace of the mix (Earnshatwe and Marbkss

1%&40,

Inn the laboratory casting

il

processy The setiting of

inveshmhent s complicated ha 5 number of Tactors. Subhwotos

cambing ving liners have traditionally been weititsd b

el

$

i

pravent absorphbion of water from the investment {(Taglor,

Faffenhargeesy angd HSusenesyy 193850 EBEarnshaws 197493, bl

ashoatos linesrs cause additional water o be made avallable

oy the setting inveshment miy, resulting in increased
setding expansion (Socheuy 195350, Shimorphion of watey From
chive WP

vatio of the mixds altering the sething time (Ohmog eb al. s

[

tThe mix by oy ashestos lintners lowesrs the efTe

197 EY ., Dvw liners then function as wet linersid the sbhsorbDed

water is avallable to the sethbing investment which resul s

i1t increased setting edxpansion {(Olhno et al.s 19788 Eavnshaws

L9 edy 193l . Vacuum investing also changes tThe WP rabio

wiiter used wihh oo

sami e liners, which then funchion likese any

bl

b ey wel 1insy (Morewy, 19887 .

WMatbter 1 the liner achts in bhe same way as 1F 11t had

ey scdded to bthe original mmixy that dey L ingoreases bhe

WAR ratic {(Macasaget and Dickson, 19628 BEarnshawy 19675 Ohmo

et @l.g 1%7Y, This means that where wet linsers are used,

the subsesuesent thermal @xpansion aof the selt inveshment s

corvrespondingly reduced {(Eavnshaws 19EED). Labhoratory
mEantremnsnts of inveshment specimens preparved separately fFor

thevrmal expansion measuremeant do nobt reflect this effect.
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This shows the importancs of conducting measuremsnte of

sehting and bthermal edpansion it seguence an bthe same
e f

O8I T o

il

The method used for measuring sebting @edpansion,

d
smeooiation of HSustralias 1985

en ooy d el i Sustrallan Standard 2795 (The Shtandards

consistes of a V-shaped
trgttal apoaratus (B min loana?) lined with vwing lindng

matearial . e and of the brough apparatus is desioned Lo

allow free expansion of the sebiing investment and 1s

conneched to an instrument whioch measures bthe horeidzontal

mavemesnt dus o eupansion. The amount of measuring Foros

duriding the sebtihing fand thevrmal edpansiony tests is

Sl

important (Jéhegensen, 19538 Rarnshauwy 1%649y 19665 Jones and

Wi lasonys 19&H) . The tobal measuring force edxerted on the

o imen during the sething expansion test s in the range

i

.9 — @Aeé EFa in the dushralian Standard. A& Tre

Hi

EMDANS L ON

i also possible through the boap surface of the SpoeCimen.

A alternative method hhas bhesen Lo measure bthe expansion in

investment placed in casting vaings (Muamford and PFPhaillios,

19 ey, 19500y Fusayamas 19%5%ald &dy and Mablers 196171,

The sustyralian Standard doss not set ang parbticular

reguiremsnt Tor the value of setiting sxpansiong rather 1%

desmmancds bThat bhe mindmum total (combined setbhing and

thermeal ) linear gudpansion of gupsum—-bonded inveshtment is

1.5 pey cent For bthe bthermal expansion tupe Tor gold inlays

oy

and orowns. The American Dental Sssooiation Bpescification

e

ey

Mz, = Tor casting investhment for dental gold allow {american

Dental sseqoiations 197941 v

epllres that the sebbing

L

EEpansion in aiyr e Dhelbwesen .8 and @.5% per cent alt 2 hoursi

the Total eswxpansion should b bhbetween 1.3 and 2.8 pevy cent.

The two Standarrds are guite different in relation bo

3

the methood of measuremsnt of setbing odpansion. The

AmErican @Hpecification uses tThe traditianal mebthod Fivsi

desoribed by Coleman (19268, 19WRE 1in which the movemsnt oaf

markers 18 me

E;}

asured with a conmparator MICroscope. This

=
-

srailyres ohat no wﬁﬁtwictivé Force is applied to bthe setbting

investment hy the measuring device. The markers are placedd

approgximately 30 om apart

T & LAYge specitimen 1t a8 Ve-ashaped

trough which is lined with rvrubber dam. Home vestraint LSy

P £2Y 4 wepeheod on bthe sebtdbing expansion by the Frictional

rasistance of lining material (SBkhinner and Degnie. 1957). (3

1

3 1

comteast bo the Ssushteslian B’téﬂ'{"ii*“ﬁi?‘dg the Smerioan

[T e
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Lood

Greci Ficabtion does nobt recguive that the setting and thermal

b

Eemansian btests be conducted n sequence an Lhe sam
Py 0L T .

24

31

The apparatus used for messuriaing the linear thermal

gupansion of gupsum-bonded investhnentsy desoribed in the

Susmtyralian Srtandards s & vertically disposed vibreous

silica "push rod" dilatometer. SMetthing expansion having

eren measureds the 58 mm investment specimen i transferrred

, by the dilabtomnmsiher, Total measuring force during the

| thermal expansion test should be in the range @.4 — .6 kFa.

bbb

Foy dnvestments containing oristobalite the heating rate 15

| poouoed to 1 e min From B 9/ /min hetwesn 208 and SEE <% Lo

enaure That bthe larges exdxpansion due to the inversion of

crismtoahalite doss ot indueces cracking of the investment

e teirm

e 0 e T . The American Specification uses & similar methood.

uu

However s mpecimen lengbh iz 28 om oandg heabing rate 18

5ol S min over the vrange 2R -~ SEAG o, Nz v
madds yegavding measyring Force,

il L emeETth 18

i

il

adan

T 1w evident bthat the dustralian Standards being a

menee steingent btesting procedures provides values which aees

i

L

mores vealiable snd

Sl

ot e move closely related o thes
myrachical situsahion.
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CHAPTER 2 — PURPOSE ARND SCOPE OF THE INNVESTIGATION

The Tirsht part of the invesbtigation is Lo compares twe

comnercial orisbtoabalite investmenits. Oy e bhe oldssth of

Phis typey, Rery Cristobalite Inlay investment (Section 1.3)3%

the obher ia of guite recent origin and appesoes To hhave an

increased thermal oepanssions G0 Cristobslite invesitment

suwdders are studied by means

) {HSeohion 1.4 . The investmentd

kX

aof differential thermal analusis. asm bthis may identifuy b

| tupe of calocium sulphate hemihydrate incorparated 1n bThs

; imvestments {beotion 1.5,

I the light of the investigation made by Makanishi

e He ;I‘

(SMepetion 1.8Ys G€ Cristobalitey which acoording bto bthe

manufachturers bhas an incressed bthermal exspansion af aboud

vyl s may Fulfil the goal of achieving a @ pey ocenk

1.5 oer o

gdimsnsional

-hangs Freom Dhe wax pabtterns when used with &

sl o 1 iner. Both Herr and G inveshthmnmentsy Deling owversesas

syt etes sve not likely to De concarable o one another in

e of The manufacturers? values for setbing and thevmal

PO TIE L DTS . Tt dwm almo libkely that the values may nob apply

[
=

oy the bhebhaviour of bthe investments i bthe presence QF

merricld b L on. Therefore. the

liners under a particular miding

toahal linpesar expansion of the two investmenhs 18 messueed
withh a ceramic liney (Raolinsrd undeyry conditions whioch hesh

vexlate bto bhe prachbtical situations Thalt isy in acoordances

wi bl Australian ltandard 27950 (Sectblon 1.58).  This Torms The

L
o

. )

e amic liners

weacond part of bthe investigation. S 3 TS

-

vir little watey Froam bthe inveshtment mix (Secbicon 1.8

Ao

mesesuring the sebbting sxpansion in Lthe presences of tThe 1iney

may ot bhe of such prachtical significance as it isme Tor

Eohion 1.3).

instancey when asheshtos liners are used &

ru oy

Conseauentlyy control messuremasnhts made on specimens casth

auainsat Teflon sheelt are included.

Finallyy, aftrer ascertaining the amount of increassd

.

thermal expansion, its effect on the dimensional accuracy of
9
investments and the ceramic linsr.

bl Full ovown castings 1s shudied using bhe tuwc
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CHAPTER 3 — EXPERIMENTAL METRHUDS

2. 1 HFaterials

Tuweo guesum-honded investments were used hthroughoul the
R R L Thew were HKeory Cristobalite Inlay invesbmenb™

{hereafiter KCIL)y and GC Cristobhalite Mioro iovestmenisw

[hervreat ber GOMIY . Data provided by the manuTachurers ares

.’ Piwmbed helow. e byvand of casting ving liners Dentspely

1

| Ragliney® e, 1 g thicky was used bDhreoughout the study.

w1 L

Facommnended WP ratio @Ble A8 — @, 45 (1o 505

Sehiting Time (mins? i — 14 15

Sptbhing BEupansion (%) A, 8 — @, 25 1, 440

Thermal Edpansion (T 20 (47 DR 1.47
o WP = @, 4l

Iw e I1H-TE Evperinent of investment Powdesr

Differential thermal snalusis (DTA? and

thermogravimebtyry (T seauipment was used in this

¥
mHpErLment.

TN

A ouanbtiby of 2@EE 2 1 mo of the inveshment powder umas

wEd ghedt for sach analusis, The same weight of ignited

r@agent-grade alpha-aluminag was vsed as bthe references
material. The test sample and bthe refTerence material wer

i

-

mlaced im separabte compartments (&8 » 12 mm) of a platinum

samie holdery gach of wuhich had a8 recess at the base o

accommodate bthe hobt Junction of & thermooauples.

The powdesrs were heated to 788 20 at a heating rate of

18 =/ mina The diftference 1in temperabure bhehwusen the 1inevt

reference material and the sample was recorded as a DTa

- Subiron/Rery Productss USa, Baboh number 11357

e n Dental Industrial Corp.y Japan. Baitcl numi
tisdsiisl.

R Pentsply Int. Inc.s Usa, Batoh number 111574,

- Thermoaflex, Rigaku Denki Litd.y Japan.

oGk Balancey 143y Metiler, West Germanyd.
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Maethods — DT&~TEH of Investment Powuder 1<

=

G VED Ay inclination of the halance beams caused bhy the

"

e

mass changes of bthe test sampleys 18 detected by

sleckrically amplified. The curvent in the

Nnjrivjell

mhiatboelement and
liminate the inclination of

conmbroal coil whioch s used bto

Pl Dieams was yrecorcded as a T curve. The acocuracy of Lhs

ODTH-TE squipment was @B.5 per cent of full scale (3 3 =20 foe

s Tull seale ofFf 1888 <0 and @.6 mg For & S0 mo full scale).

T

mach investment

At least five analuses weare mades for

g ol Feaxal: temperaburese was determined For esaoh

ancathermic and exoagbthermic reschion appearing on the DTA

curvess anod mase deoresses at various temperatures were

=@l sample.,

[y

i e Tl ourve Far

catculiatesd Fro

Ty

Hieat MEssursment of InvestmeEnt Expansion

HSething and thermal expanszions of bthe btwo investmernts

wEy e measuraed in accocordance with ASustrallan Hrtandaro 2795

fThe Hhandards Associlation of Aaustralias 19850,

The apparatus For the messuremsnt of sebtbing @dpansion

consisted aof &8 bhrass brough of VY-sechions with one end

b hey Pithed with & movabhle partibion. By

sl

clomed and the

bhis in placey the lenghh of the closed btrough was 51 M.
Smecimen expansion was btransmibtbted via an austenibtic

mbtainless ateel] shatfty ty & lingar btransducese®™, ITtes oubpul,

connested o a ¥Y-T recovder™™, wasg calibrated with a

micramesher to provide a continuous exEpansion curve against
1 The measuring force was @G0 Ny whiioh sxerted a

DMPETOING SPECILMEN.

Ha on the

pressurse oF 1.8

The cevamic liner was cut into vrectanaular pleces,
ot I D T IS £ 1T VO Two were laid along the walls of the trough

L |

2 Tacing ouwbwards) and the third was put aside for

cvotah si1d
later use. S mlatey 1 mm bthiclks made of heat resisting

2o i lateral thriangle

allou {(Inconel &)y in the shape of an
wikth sides of 2% mmy was placed in the brough agasinst the

=il oF the sel

mavakhle partibtican. The mlalte formed one

spacimnen andgd when in position, gave & specimen length of

S T .

b 5@ DDy Sohasvits Ernginesrings USA.
N Type Af4Hé, Yobogaws Rlectrico Go.: Japan.

ot

L
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Methods -~ Investment BExpansic

& wshtandardized mixding procedure was followed using the

{ e

vacommended WA vatios {(Sechtion S.11. A WP valbio of @, 46

was employed For KO invesstment. The investment powders,

Froamogenised in o a powder o mlder®, were mided with distilled

water,s always wseing 58 o powdes. Warkesy (28 ml for KCI and

1é. % ml For GOM)Y was dispensed to an accuracy of G815 mlww
sy weighed o @81 grew, Plising of the

anoag the poucdsyrs w

investment was done mechanically undery vacuum using a

0
wilkh & rotavtional spes A af 47T v min. The invesitment poudey

moitissma miHing howl dedven by & Whip-Mix Combinabion Unit

=

wiasm i Fied into the waterys Tthe pouwdsr andgd the walter then
were mixxed hy hand at a rate of 3 turnslsec Tore 10 seconds,

During the next 1@ seconds the mixing bhowl was assembled and

A

mechanicsal miging under vaouum (99 KPa = 720 mnHg)) was

ey Formed Ffor bthe Tollowing 28 seconds.

Investment material was poured inte the trough o thie

o of bthe Inconsl plate, The third plece of lining

material was Then placed carefTully on top of the mixk.  The
eramed lid.

X

covereyd by o a btightla Fidbting
arategd o oa tTixed ranas af

wihole assembhly was

b

The vecordey had been cali
SEHE mioronssS dom and sinee tThe sipesoimens were S0 mm in

teemigtbhy The Y—axis coeresponded bo 1 opey gent/1d0om.

Fxpanslon of bthe speocimens was determined to the nearest

el

e 11 muny covey a hbwo hour paricods and wvas syxprossed as a

pearoentage OF the orilginal lengihh of the speClmen. PRI

Time for Dhese measuraments was set at time of commencement

af mixing. it least bthree measuremnents were made for each

inivEestment.

The btime of loss of gloss of the investment mixd was

recorded as a measure Tor The start of selting e@xdpansion.

The mixing bowl contasining bthe remainder of the inveshtmend

was placed under an 1tliuminator which emitited & collimated

i
loss of gloss was taken when the reflection of the lame

am OF light Fryom an incandescent lamp. The time for the

Filament could no longey bhe seen on bthe suvface of the unsed

»
fi 1 }': 13

Afbter each sebtbhing expansion measuremsenty the specClimen

was Tresd from the trvoughy the linesrs were remaved From 1is

oy

sides and 1t was dried under ambient conditions (28 = 1 =

b
-

A Rotomidery Forshter BEquipment Co. Ltd.s Grealt Britain.
e Farvethe Digitals Rudolf? Brandg GMBH & Co.s West Gevrmany.

e Balancey, Tuype PO 4400, Meittler, West Germany.

-
[
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Methods - Investment BEdpansion el

and BE 2 0% ooy cent relative bumidityr for at least

248 hours, The dried specimen was thransferred o a

veartically disposed vitreous silica tube which was

poapsliihioned in & vertical tube FTurnacsg. & fFused smilica

prishrerod was positioned on & small vecess formed on the

Ll

|

surface of the Inconel plate (mass about 2.9 g) against

whiich the invesbtment had besn cast., The plate distriboal

Hi2
i

The measuring forece of the dilatometer (0.2 MY uniformly

[y

vy bhe specimen oross-esechions Qiving a pressure af @, 7
Ha.

au bhe spegimen expandedcdy movemesnt of bthe rod was

mEeamured by means of a lingar transducer®™, bthe core f which

was Tided bto bthe tap of the vrod. HSeecimen temperaturs was

reacorded y a type K {(chromellalumel) thermocouple sheathed

with Inconel, which prodJechted into a recess formed at Lhe

pase of the specimen.  The thermocouple and the transducer

T

wEr e connected to an A2-Y rvecovrder®®™, which producsd the

THETmal SXpansion Curwess,

& secong thermorouple, placed clozse to the furnace wall

i i

ang level wibth the specimeny was connected to a tempasratures

contyrol laer A programmey B Wince the investments contained

banr e wead

cyristobalite, heating was slowed in the rangse S — A&l =0,
e 1 20 miins & heating valbte of o 90/ min was used Tor bh

P

vest of the temperature rangeses roon btemperabure bo Z@8E =0,
and AAR -~ TR =0, Mealt smogaking at FAE <0 was 15 minutes.

Wavkeay vapour released From bthie specimeans during bhe
i1t

il
el

wr A L P B TTIER T D s s

wxhausted under & st vwacuum. Thermal

,

mumansion was detevrmined to the nearvest G810 mn and

sHpreased as a percentage of the original specimen lengith.

Lontrol measuremesnts were made an specimens cash

il*l"

amainet a sheelt (51 @ %A mm?y of Teflony folded lenghhuwlise

and laid in the brougin. AN |

=ant bthres peasuremenhts wers

taben for easch inveshtment.

ol FEE DC~Dy Sehasvitz BEngineering, UL
Wi Tupe AHE4Hy Yokogaws BRlechric Co.q9 JEPAT.

e Temperature Controller/Frogrammer Type 2, BRurobtherm
Ltde y reat Briltain.




Mextbods —~ Casbting bExperiment -

Jef Casting Experiment

The mebthods desoribed by Morey (198G for wax pattern
making and casting were faollowed as closely as possible.

G .1l Preparation of WHax Pathern

Wax pabtiterntns were made 1mn an inlay wad®™ classified as a

Tumpe  Class 1 waxxy suitable for indirect way patibterns
Cavmey- i can Dental asmsociations 1974D7y. They ware prepaved 1n0
Invar die and stainlese shteel mould assemblies.,

-

The die base &4y Figure 43.44) accommodated & 2 mm bthick

apacey in the Fform of a removable washer (BYy which meabed
e formed the gingival margin of

baa

gy Thve ehowl der of the dis

=
The way patbterns, it thigs i places bthe heighit of the

Cr ot sechion was S omm oand bthe diamesters %20 mm at the hop

and Y¥.8 mm o at the bhobttomy giving a taper ofF 1714, T he

gocliusal eond (O of bthe orown sechions @ omn bthicks was also

e

m@eparate, spigotted and threaded into placs. When tThe Fid

~astings was measuwred bobth the ooolusal end andgd the

ey

m .".’.
gingival washer were fivel removeds o allow ogversize as

weell aszs undersirze castings o be completely seated on bthe

tapey 0f bthe die,

tH

The wvarious parits of the die andg mould assembyliss wer

moraued with & silicone mould release agent™®, el e wax

v Y

{about @.89 gy was poaured into the space formed by the die

amndd mould assemblies to give a moderate @M OEsE, The uppar

e

PTITEr siseve (D) defined bthe height 8 mnd andgd outer wall of

i

mattern & mm thick occlusally

i

The wax patierns, making the

ang B.75 mih gingivally, S omoon as bhe gloass had

dizmapeearsed From the surface of the waxy the piston {(B) was

inserhted and Forced homes by means of & small vice. b 3 Emes e

wad was esbhruded through the vent (F) 1in the pilston. The
wax was allowed bho solidify under pressure for thres

minuwhes,

SHf tery vreamoval of the mould assemibly Trom The vioe and

remnval of the outer sleeve (G and plshons @XMCess Ward WHSs

carved Flush with the top of the upper inner slesve with &

. Rery Blue Inlay Casting Wax (Regulari. Subron/RKerr
Laboratory Froducts Divisioaonys WUZéa. Batoh numbey @22884
1304,

o Rocol PRy Rocol advanced Lubvilcantss Australia.




Methods - Casting BExperiment O

.

2 Smleeve and the 1ower
warx pattern wuas

aharm rigilid bhlade. The upper Lnn
inner slesve (M) were bthen removed anc bhe

ik S

e uiesdd, & sprue formery & omim ouber diameber

tmmecliatbely

harod crawn stainless she
the centre of the occlusal surface of the
o mace From sl die assemblies. ach patiern

¥

@l tublings was attached ax<ially bo

=

pEaThern. 1w way

= plllil

matherns wer

wetss smeyibed withh & code lebtter and an indey line to mark the

the wax patterns and the resultant

oot posibion of

caumtings on bthely respectlive Oles.,

The sorued patterns on theilr dies waere annealed in o a

laboratory oven maintainesd alt 468 1 1

= bhat the temperature fell

“G For 3 hoursy the

gty was bhen turned FFy s

e vemoved 13 hours afher
gentluy robated

slowly o ambient. The oldecs

;

clacement in bthe oven. rach wax pabtitern was

removed., T he

el

affd dte die assembly and the gingival washer
=il 17y bhe correct alignment. A
2 g by inverting

wax pathern was Then replso

wenss meshed undery a load of appmrodimateluy
lacing it on a block

the die with the waxd patitern and p

counherbored to accomnmodste the sprue Former.

iy

sris af the distance separabting the gingival
the shoulder of the die
Hdie with

Pl s et il v £

marain of the wax oathbern and

L@ ) were made atbt four eguispaced points aoercound the
A i,

# travelling microscome™ at a magnification af

The micovrometar
sy bhat 1t could bhe
The mean of three neasuremsntsy made at the four
bl bthe shoulder of the die and bhe gingival margin

ralculated. The differences beltwsen
the odie and those Tor the

N

chum of the micorascops was graduated to 2 Mm
sasd by wead bto 1 Mmoo by interpalation.
posihions

[ Y

o

e
the war pathern. wasm

the averages for the shouldere of

gingival mavgin of the wa patbtern were caloulated,. This

diatancs separating the gingival margin of
ma ity ofF the

gave The average

el

= s lder of the die o

the wax pabtern and bh

aengs TOUPr avVerages gave &

a
Lo

Fouy oosibiorns, The mean of bh
he distance sepayvatbting the gingival marvrgin of A
the shoulder of the die. In sach case this

bsin

measure of

wa e ek havrr and

e removable wazshey (2 mm).

was cloase bto bthe thickness of

Xu . Investing and Casting

11 wicihkhy

S pilegce of Raoliner ceramic linesy (32 mimn
was posmitioned in a cCasting vraing with the
the ring wally Tinishing shordt of each

9% omm 1 lenglibg
roaughey side btowsrds

A Ry ey PRy

at BPritain.

X
i
1T
~f
LIt
Lt
o
3
mi
2!
-
e
L
XY
"3
it




Mlerthods -~ Casting Bxepeyiment L)

el by AL 6 . The sprued pathterns were mounted on Whiip-Mig

vurbibey orucibhle formers (bhNo. 48E1L)Y in such & waw that the

lenath of exvposed sprue was = minh. The cashing »ings were

Fary Flasks™ No. 10 O30 mm inside diameter and 38 mm high)
whichy being stainless stesly have a coefficient of thermal

expansion Oof 1.5 @ 18 and sypand 1. 13 per cent in th
ranges 23 bo TG S {(Touloukian el al.y 1977).

i}

The investments were dispensed and mixed as descoribed

sarliier Faor the sebtbing oxpansion measurament {(Sechion Gb.4).

In ordeyr bto mechanioally invest bhe wasy pathernsg & *

Vao—i-bpat ™™ Trvestor was used. BT her mechanical mixing.

Lhe vacuum on bthe Combination Unit was disconneched to

]

iriveant under abtmospherio pressure and bthe Vao-U-SBpalt was

inverted under wibralbion F

Fevy

1y S smeconcds. Timing ofF Lhe

pyoceEcure followed a standardised progrvam andgd the whole

mycoecdure ook 1 omin 26 sec. 511 pabtternsg were invested

within one hour F their Fivedt removal Ffrom the dis Thes

vavs 3

irivestmnent was allowed bto set For 249 hiouwrs hetfores removal of

The aprue Dase and sorue Tormars.

Burn-oult and heating ol bthe moulds bto bthe cashing

empearabure was carvied oul 1in an

lecheric furnacgrses L4 4 e

il

witi a cam Type pyrogyamnm controller*,  The furnace heating
rate was 5 *"Cimin f%wm ambrient bto 2EE 0, 1 Sl min Tyom
S - S8R 20 andg then 5 oC/min From 388 -~ TOE o0, Mowld
tamperature was monitored during burn—-out by a type K

=odded 1t bthe centre

ot le whose hobt gunction was sml

| g
= T

et mo

of & casting ving Filled with B investment, placed amongsi

he moulds in bthe furnace., Thermooouml

putpult was read bu

i

means of & temperature indicatboper

1)

Casmbtings weare made in & centrifugal casting maching -+,

The allioy used®, which complies with dSustralian Shandard

P&l (The Standards Asesociation aof sSushthralias 1978),

contains 88 per cent precious metal (BEngelhard Dental

Froducts, 1978, A Diowborcoh™¥, burning a mixzture of mains

Sl e ek ok b

»” Subrondlkerryy Laboratory FProducts Divisions Ubs.

o Whip-Mix Corp.s USA.

R Model 7y Bolentific Engineering Servicess Australia.

- o211y Bhinko BElectric Instrument Co. Litd.ys Japan.

o Therma 1y DUft and Macintosh Pty Lid.s Australila.

et Werr Centrifico.  Syubvon/Kerr Products, USA.

w Tupse B O-5H. Engelhard Industries Pty. Lid.s Sustralia.

“w  pNo.7. The 5.8, White Company of dustralia Pty Litd.,
Australia.

-




Medthads ~ Casting Experiment ok

gas and ailry was used to melt the alloy. The

casting
machinsg was wound 2.5 tbturng and aperaxvimatelu 18 g of the
atllow was used For sach cashting.

Damt Ly was garrvied out st
a temperabure bhelbtusen &850 and 7R =0,

The castings were
auenched In water afiter bench cooling Tor 3 minutes. T
wer e sorubbeds, oilokled v BE per cent

e
-
-

bt e

stiphuric acid and
witrasonically cleaned in water for 20 minultes.

Pecause of bthe investing technicues every casbhing was

founogd to have one small nodule at b
avrey 1 e,

3

s avio-taceliusal line
This was removed undey magnification withh a asmall
oo Dy Apar

From this the castings were completsly
| Tres of obther ivvegularitie

i1

g

g, 1 spvuse and buthon wers
vemoved with & separating i

Fobe
:::"' ihul 4 1

AT ey The gingival and occlusal sections had bheen

vemoved Trom the die assemialius

cach castbing was seated under
ary axial load of & ko, The same method as gt Fowe bhie

Yol W duf dﬁ?!f.‘?:ﬁﬁ:'!“ :i. t
wax patterns was used o measure the distance {(4) separabing
The gingival margin of the casting and the shoulder of Lhe

PRI

The mEan adial discorepancy (-9 was converbed to a

mEasure of diamebtral acouracy. & oreduoction in

T hie

mEasuyament o compared with the

F

e iginal ¥ ogave & positiy
wvalue For x-wus indicating that the casting was

il

bbtn and T

overslzrzed.
Conversely undereized castings gave a negabtive valus for

ML, The measurement of the asial disorepancy 1s a hben

Times magnitication of the diametral accuracy by

vivhue of
@Hpressed as a percentage of the
gingival diamebter of the die (Y. 8 mmd and defined
SCCUTARCY .

the taper. This value was

am casting

Cashing acourscy - S OO— 2 ¢ 1

o

P2 LN .




Methods — Casting Experiment
>

Y Y

§%a \

\ 47

Figure J3.44

The complete die and mould assemblies used for mabking way
patterns and Ffor assessing casting accuracy (from Morey,
1986 . 8 = die basey B = vremavable gingival washer,
C = removable occlusal sechions D = uppar inner slesve,
Fo= pistons F o= venty GO = outer sleeve and H = lower inner

=l eewe,
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CHAPTER 4 — RESULTL

.1 DT&—-TiH Experiment of Investment Pouder

Hepresentative DTA-TOG curves abftained in bthis

“peiment arve shown in Figure 4,168 and Lthe results are
aymmarised in Table .14,

Vipon heabting to 7808 ~, three sndothermic and two
uobhermi e reactions ococurred. In the BCI powdsyy the Firsid

1

endotherm appeared as two consecutive small peaks at about

Shoand B@ 2, A single endobhermic pealk occurred in bthe GOM

=y at ahout &HF e, Mean mass decreasses of .26 (KL

gl

anc B, 1é& (GOMY per cent were vecordsd at 1408 =20, & large

srcdothermic peal appeared in the same temperalure range for

Biahh materials, 9iving measn pealk temperatures of 17% (KoL)
ang 17& (GCH) =0, Mean mass deoveases st Q@0 o0 were
S (RKCTY and 1.91 (GCHM per cent.

The Tirst exothern was cuite different in magniibude Tor
R G O i
and & smalleyr peak for RO, Mean pesalk bemperatures were
194 (KT Y and 198 (&GOMY =0, Little changs in mass ooouryed
during this reacticon. The third endothermic reachion

=saring as a large shaorp pesak o

Lhe LTwuo materlials, app

appeared in the samse temperature range for both poudsys

giving mean peak temperatures of 248 (KT and 254 (o) =4,

bittle change in mass aocurred during this reactlion. Thie

tast reachtiony marking a second well defined exobherm,

il i bhe BOCID powder alt & mean pealk temperatuyre

Appearec

RY R . T T Suain lithle change 11 mass was recoorded as Tor

L

the firvast exobbherm.

s ond

i

HGF ter the largs mass deorease acoompanied by bk

aydotherms only & small gradual decrease in mass of about

G, 18 pey cent oocurred bhetweesn S8 and S5 o0 1 both

pengcienrs., Qiving mean decreases of 2011 (BKCID) and 1.94 (40
ey et &k B e, & =lightly higher additional loss of
Fl. 6% pevy cent followed bhetueen 5800 and 708 2L in the KOOI

e

o e .,




Results — DTA-TG of Investment Powder =g
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Figure 4$.14

Reprasentative DTA-TG curves of investment powders.
Delta T = differential temperatures KT = Kerr Crishtobalite
Inlay investment; QUM = G Ficro Cristobhalite investment.
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Results - DTA-TE of Investme

Table 4.14A

Reasulte of DTA~TO sxperviment of investbment powdesrs.  Mean
values of at least five analyses arve shown togethsy with
chandard deviatiaon in parentheses, KO = Kerr OCristobalite
inlay investments; GCHM = 0 Miocro Cristobalite invesbmenh.

il

Feak Temperature (20)

Endotherms Exothermns

ist =nd Y ot n ist =nd

R ] 1k e ) LY s To 194 444
{la82 (1.8 (1.3 (U, ) (1.3} (.75

L a3 e 176 in TN 198 i
R (1.8 (B, 7)) (1.8 ——

Plass Decrease (42
iBE =20 280 ofC 388 o 4J48 < SBR[H <of &A@ =L 788 <0

Rl W, s P it o L1 2all 2w L1 A B PO
(.81 (.32 { . ¥135) L. WA [ . H.3) { .50 {15

GO . L& La%1 R 1494 1.94 1.95 1.%95
(.31 { o W [ ) LB (.61 {.0@1) (.12

i el e e - eI e e el i) et Bl il Al el i il o - i A R o i B I B - e




Reaultse ~ Investment Buxpansion A

4.7 FMeassuremsnt of Investment Expansion

Representative setbing expansion curves of bhe two

investments are sbioun in Filigure 4,508, The Times for loss af

b

glosme determined with the vesidual mix arve swmmarlsecd 160

Tabhle 4.8, The results were the same For bobth KD and GCM

Cabicaat 1S omirnis ). Deamite thiey, all specimens cast against

Phe cevamic ving lining material (K) began expanding earliee

amnd showsd a2 muoh greater sebting evpansion bthan did the

contral specimens (7). The start of eypansion was reasad From

mach @xxmansioan recorcding and the results are included in

el & (RCTY and 4 (GEM)
oy ley witkh bthe ceramic lLinsr.

haas

Tabhle 9,88 o v s L O

1 wtarted at ab

minuythes

o,

e

Heprasentative tThermal

BHPATISION curyves of bthe ftwds
investments arve shown in Figure 4,088, LOT investment showesd

L

an initial exyxpansion of bebtusen H.1 and @.32 per cent. £

small contrachion alt about 118 0 was followsd by a platbeay

at 15 -~ Z2EE o0, and then an sdpansion bto aboult @ShHe <9 £

e
Lriversilion of oristobalite. & further symansion book place

sitddden massive sexpansion aoourrsd at 256 2L, indicating

——

Ty oabouth ARG S, at whioh pointh there was a second

contraction to about 458 <0, The Final part of bh

Y

i1

WE R AR g

ashowed a gracdual

el

Eypansion to FEd 2,

Irn GOM investmenthy an initial sxpansion tapered oft o
a amall plateauy at about 130G =0, This was soon Ffollowsd by
further

mupansion Lo

el

= walt o0 and then bhy a large isobhermal
supansion at 258 o0 of oristobhalite inversion. E
continusd o aboutl 358 20 when there was a small
=

S ETATIES L O

by ot

T AT 1O
¢ ahout 375 0, The Finmal part of the curve showsd a
gy-actual expansion bto 7aAE 2D

KOT investment specimenss when cast against the ceramic

ring liner {(K)s showed a lower Tinal thermal edpansion than
did the control specimensg (T,  This i caused by the larger
shrinkage at 338 ~ 4540 o0 (Figure 4.28). Compared with
thisy the shrinkage of GCM specimens at this temperature
range was similar for the conbrol and

-

il

e amic 1ining.

The results of the setting and thermal sxpansion

mEsaurements are summarized i1in Tabhle 4,28 and shiown
graphically in Figuvre 4,20, Student T teets were peryformed
uming a confidence level of p < @081 o detesrmins

cshtatisbtical siaonificance.
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The conbtrol KOOI specimens casht against Teflon sheet

gave & mean sebting expansion value of @.55H 3 8.0 per cent.

wiri lee bhe control GOM specimens gave & much blgher mean

value of @.7% 4+ @868 per cenit. With Kagliner cgramic ving

linery, significantly bhigher selbtting edpansion valuas were
phvadnedd in bhoth investmenbtsy @98 3 .05 per cenlt (KOI) and
.97 & @3.@04 per cent (GO . This reduced the thermal
expansion of KO significantlyy while there was no

significant difference in the thermal exypansion values of
HOM cast against Teflon sheet and Raoliner ring liner.

The yesults of particular interest in the casbting

@y ey iments aree bhose whioh speliy bto the invesbhmend

specimeans cast against the Haoliner ceramic vring linsy. Thes

meran vaiues for thermal exdpansion alt FREA S wyere A.9%9Y 4 @, Ws
pee ettt (WCIY and 156G & @A @7 per cent {(6CMI). Thoose values
oy e simplified as 1.8 andg 1.5 m

. cents respechivelu.

SDimilarliuy, the setting edpansion values are @.5 (KOl and

1.8 (GUEM)Y per cenl. These simplified values aove used in the

disoussin

oo cashting esxperiments {(Sechion 5.35).
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Figure 4,258
Representabtive sebthing edpansion curves, T = control

- PR,

apecimense cast against a Teflon sheets K = specimens cast
against Raoliner ceramic linery RCI = Kervr Cristabalite
Inlay investmenty QUM = G0 Micro Oristobalite investment.
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Table 4.8
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1. K
T
KCl
O 4
o\ T *
1 C
S K
"
pa
g
& 0.5 GCM
bad
1 2 3 4 o B 7
TEMPERATURE, x 100°C
Figure 4.:2F8
Representative thermal 2Mpansion curves, T = conhtrol

apsclimens cast against a Tetlon sheets N = gpecimens cast
against Faaliner ceyvamic liners KCI = Kerr Cristobalite
Inlay investments GCM = G Micro Cristobalite investment.
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Table 4.8

Resultse of sething and thermal edpansion measurements. Mean
values of alt least three tests are showns togebther with

standard deviabtion in parentheses, ROT = Kerre Cristobalite
Inley investment and GCHM = GO Micro Oristobalite investment.

Fxpansion (A2

Setting Thermasl
investment Lode Linsy 2 hy TJFEA g Toaotal

T T Tetlon o 1. 1% | )
(oonteol A { - E13) A L T

RIS SR
1. 400 b Maol 1 neye i1, “id ., B4 1. 4%
cavamic 1iner w5 { o s { .87

Ty T Tef | omn B, 7% 1. 45 =
foomnibroal { o s ) { . 63135 { . %)

b/ o
(1, 4.5 2 anl iner (i, @7 1« 5id = A
cevamic liner { w4 ) { L1077 { . .33

Bl A B e e el el 0 e i A i e R A I i o - - el il e s > 5 A e I S Rl e Bl ek el il it

A el B B b e e i il
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%
R

EXPANSION,
o =
00 » N

Q
o

KCI GCM

. Figure 4.:0

Setting (2 hr) and thermal exspansion (788 2C) of
investments. The height of each bhar represents the mean of
alt least three tests, The small superimposed bars show the
standard deviabtions. T contyrol specimens cast against a
Teflon sheety K = specimens cast against Raoliner ceramic
liner; RCI = Hery Cristobalite Inlay investment, UM = &Gl
Microg Cristobalite inveshtment.

il

}
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.3 Dasting Eyperiment

Table 4,348 shows the acowracy ofF full corown castings

ahtained with the tweo investments, KD and aliM. Thie

castings abitained with the former were undersized (8,49 per

ettt Yy while bthose aobtained with the lattey achieved & @ par

ke

ceant dimensional change from the size of the wax pattern.

Srhudent b test wass peyformed and the difference was bhignly

sioani ficant (p < @.1).
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Tapble 4.34

Adocuracy of full oroun castings. Mo |
Inlay inveshment,

= Herr Cristobalite

GOM o= GO Micro Oristobalite investment. &
cevramico ving liner (Kaoliney? was ussd. Standard d
arve shiown in parentheses,

vl Aations

R ] G0

Accuvracy {4} Vi P 3 | +H. Al

aaaaa
HHEEH
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CHAPTER S — DISCUREION

5.1 DTA-TE Experiment aof Investment Powder

srdothermio raachions accurved in bthe sames

Thres

Foon

temperature ranges 11 bhobth RO and GOM powdsary. The Firal,.

at tTemperatures below 188 =0, was accompanied by small mean

mass deoreasesy .08 (BCTY and @, 14 (GOMY per cent at 18040 =

X

tTabhle 4,140, It i possible to athreibute this o bthe
dehydhration of gupsums as surface rehydration of hemibyudrate

oy unconverted dihudrate can acoount Tor the presence of a

amall amount of gupesum i some plaster and stone (Holodeidoges,

19&05) ., Holdvidae showed thatlt even as libttle as 8.5 per cent

.

dibhythate, added to wet— or drey~calocined hemibhydreate powdsrs

=&l prior bto the dehudrabion

procduced & small endothermic p

re 3

af bhe hemibyderate 1haseld. SGibhoush the debhydrabtion afF

il

ouRSsEUm oocurs it air slowly at about YE OSC or bhelow
{leimsery Milligan and BElbholme 19361y and rapidcdly at i S0

andd above {(Fairhursely, 19&05 Deevy Mowie and Zussmans 1%62)

shiwochration of dihudrate

he endotherm associated with the d

ey hemibycdrate usually ococurs at aboudt 13E0 - 158 =0 undere

2ol i DTS (Fleck ot al. s

cHIT =R AwmiE

-l

duramic hesating condgi tions
1HEAD Runteey %6y 19E5SE M

Mooy is 19HESGT Masratiningsihs 19873, FEndathermic reachtionsg at

il

ey

lodvidose, 19658 Tasmalkiy L9795

temperatyres less tbthan 18 %, srvre unlikely then o bhe

caused by the dehudration of guypsum and are probably caused

by bhie vemoval of moisture adsorbed by bthe invesibment

g cden e,

o

srrcdothermic pealy 179 2 1.3 920 {(KCTI)Y) and

The second

176 & 1.é& o0 (GCMYy was accompanied by large mass decresosss

Ll

af about & pey cent (Table S$.18)%. This indicates the
dehudration of hemihydrate in the investment powdsrs Lo

anhydrite. Auain these temperatures are much highey bthan

tihose (18R *f and above) reported for this change in static

congditions {(Heijesser and Milligany, 1937). Talking the T

value reached at 5388 20 as the Tinal dehudration values S
mer cent of the dehydration was complets at 2860 20 in bhoth
KL and GOM.

The theoretical mass Jdeorease acoompanying denycdration

af hemibhudratbe to anhudrite 1s . per cent. Horibes Rodima
ard Kikuchi (1971 in their DTA-TOG study of dental gypsum—
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e o

Dimcussic

o othe amount of hemihudrate

il

honded inveshtmenty esbimabe
pressent it bhe investment samples, Thew assumed thalt all
the weight loss resulted from the dehwudration of hemibhydreabe

af moisture adsorvbed by bthe

oy anhydrite. The amount

et imated hy the mass deorease al

hasy mgpd®  Cwa

ik

inveshtment pouwders can be
1@ =, as discussed previously. Py subtracting this valusy
mass decreases of 1,85 (KCD) and 1.78 (GOEM) per cent are

ey
Lk

ahtained Ffor the dehuydration of hemihudrate to anhydrite at

Sl S0, Comparing bthese figures with the theoretioal

e

dehudration value of &.2 per centy it can be deduced bthat
the investment powders conbtain about 38 (KCIY andg 29 {(GOM)
pay cent hemibydrate, The amount i close bho the limith

Relow which the inveshtments are oo weal {(YBechbion 1..38).

b

sriclathermic reachtions @46 2 @6 (KCILY and

-y

The third
Sad k.Y (Gl 20, indicates the inversion of oristobalite

lt:llll Ill-l‘

as it ilsm accompanied by little mass change. Horibe,s RoJdima
avd Hikucohi {1971 showsd that two tupes of gupsumn-Donded
gdental casting investments quarts: and oristobalitey, weare
abrle to b identified by the endothermic pealk accompanied by

The inversion of these refrachtories, The mean peal

tempearatures obtained in the present study agree with that
=y hed by

Fee

~ristoabhalite inveshtment v

(53 @0 of a commeroisal
these investhigabtors. Theu did noab discuses the obher

'Whungls et . iy

aricdothermic reactions ococurying in hemihudratey as thelr

main concern was b distinguish the investment of
=aF cuartz btuype Dy DT &

cyistobalitbe btupe From bthatl

The ftweo inveshtment pouwders investigated in the present

shtudy showesd an imporitant difference in the DT&F two

ayxeithermic reachtions were recovded with BRCIy while only one

suorb ey mic reaction was gbhserved with GOCM. Merary peval

temperatures of the first exobtherm were similars 194 (KCL)
aiel 196 (GCM) <0, alithough they were quite difterent in
magnituded GCM showed a large shaorep peak whereas RKOD showsd
a smaller peal {(Figuvre 4.148). The unique second exotherm in
the RCI investmenty at 444 L 0.5 =Cy was well definsd.

Calocium sulphate anbudrite (Cabil,) exists in thhveg

polymorphic Torms. The terms [~Cabls,, 1I1-Cald, and

I111-Catit, are preferred to descoribe these Tormss it ovder of

-
T

descending temperalture {(Kruils and Spaths 19517 avail and
Yasuey 197435 Moris 196E&6). Powell (1958 firvst reported that
the trangition [1I-Cabls, to 1I1-Calil. was shown by a share
exotherm at Z55 =20 in several wet-calocined plasters, and by




Dismcussion — DTA-TEH of Investment Powdesr 41

a aradual sxathermic reaction at & much higher tempsraiure
range F 3@ -~ Ly 20 in a dry~calocined plaster. Mol oy i doe
1985 wsbaterd thalt this difference was sufficient to

.

i Ffeventiate the two tupes of henibydrate.

These sarly studies strongly suggest thalt & significant
amount of

dry-calcined hemihydrate is incorporated in ROL,
although it also contains wet-calcined hemihydrate. This

Hicil)

mumlain why the fFivasd sothermic peak was so small in

el

ki inveshbment. The two consecubtive small endobthermic

'3

ke oalt &5 4+ 1.4 020 and 81 4 1.8 o=l din this material could
reaflact the presence of wet— and dry~calcined hemihyorabe.

Shudy on the two typess of caloium sulphate bhemihbudrate

griginates From bthe classical work carvied oul by Kelluyy

St havo and Anderson (19410, who naoted that the heats of

iy

fudration of wet—- and dry-caloined hemihydrates were

difTfevsnl. Thew used The

designations "o and "HY o

distinguish such thermodunamic diflferenoss. The prefilidles

umiially indicate orustallographic differencess bhut 14 has

eeEn sbiown that no

[T

srwstal logeraphio differences are found in

the X-vray diffraction patiterns of wel—- and dru-calocinsd

hemihydrates (Feitknechts, 19315 Weilsser and Milligany 19373

| 3

Mloddisy 194847 Miuazalkis 19%8&ay Goto et al.s 19661 Lehlmanns

19678 Miwuazalki and Takagis 197805 Pensted and Varmas 19738).

The thermodunamic method is nobt possible for the

icentitfication of the tupe of hemihuydrate incorpoarated 16

gupaitm-bonded investment, unless its amount is known and a
reliabhle calorimebeie method 18 availlable. The DTA method
appears To b oa viabl

alternabtive,.

i3

The WP ratios vecomnendsd by the manufachurers ars
A, 580 — @B.400 {IKCI)Y and @..5353 (GUH) . considering the similar

amount of hemihuydrate in bhoth inveshtments {(about 38 per

centls bhis difference in WP ratio is larged the amount of

watbter necessary to convert 186 o plaster oy shane Lo gupsuam

i 18.6 g (WP = @.1%)y and so only 5.6 g water is veagquired

for an investment containing 360 pey cent plaster o stone.

There is always soms edeese water pregent in the set

guEsum masss more in the case of dru-calcined plasters,

This iz because the amount of water required to give a
workahle mix {(water requiremsnht) is considerably bhigher tThan

the theoretical values 17 particular with dewu~-calocinesd

plasters. The difference in water requirement has been
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Glemeusmmd

bhe structure of the compached pouders.
cles tend to stick at

edmlatinedd bhy
adhesive forces bDbehbwesen the parbhil

paint afFf fFived contachy 9iving & PO
allow the particles to slip over one

acihesive Torces

£

ety b produace a dense sthructure.

ancathery packing ol
The water reguired to give & workabhle mis

il

amaunt of swace formsd bhetw

L

(Ricdge, 19618 Ridge and
19495 Migyazaki and Takagiy, 19780, &lthough 1t has |

mi K

syvheed bhat wabtery reguiremsnt s alsa

Vb P
AR M

als.s 1588, bthe sig

=i by o particle size of the refractory
mificant difference in recomnendesd

ratio oF RKROGT
consi derable amount

COTTh&SLTe &

o Balin

i

i

The KL samplet

e eases e e
rated the presence of a shallow tgdepress

fr v

s
albayr (19853
ericotherme 1 bthe LCemp

mrature rangs 55 - @dd G, the

of deconpasiibion of oclaw and sy bo

sl Tt . Tl e

Lo 4

ML TiEral  ou
so@cimens 10 this temperatures range s Lik

the decomposition of such impuribies,

5.2 Feassurement of Investment oxHpansion

e mae ) Wmeathing Bepansion

%t

The sebbhing e@XNPanmsIon values wuerg

wi il QoM than with
eleEchron miorosnpey Set  1n

mesbments show refrachory

o

parhicles embe

crystals (Tasakis
1988 . lowsry inherent
ratio produces more effective
ceorustals (Earnshaws 19755 Tabkahashi et al.s

interachtion of garowuing

a2 hMigher sebbing expansion. The
abybained in the pres

traditional view.

e

The sebbing BHpansic
Fhe Teflon sheet (T (.25 X 6,82 p

melh against

The values given by the manutfacturers

vary Close o

(. 2 — .25 payr centi,

o

i velated b

mates originating from

s considerably higher

Shvong

Tl

s asbhvuctures weal

Tty us
o bl

=i bhe compacted particles
Poelly 1%963F RHidge and Perethlas
ST

e lated to the bullk
{Takahashi et

W/

and GCHM strongly suggests bthat the Tormer
of dry~caloined hemibudrate.

s smhowed 2 small (aboul .85 per Cent)

=7y Al and Y o0, Holdridge (198685 and
Lon and

ey ok

amatll loss of mass observed in the WO
=l ko he due Lo

3

=

KOOI (Table 4,281, Unider the scanning

Bedded in an interlocking aggregate of gypsum
Ohta and Yamaney, 197083 Takahashi et al.
porosibty resulting from & lowesr WAF

Gy sl

19688y and hence
2 sathing expansion values

st study were consistent with this

1 value of caoantrol BCD specimans
=P ceEryl ) was

Farnshaw (198H8) recently obtained a
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fiabher sebh svpansion value for specimens set against

143
>3 L

i
moce L L ing wuas .41 4 Q.81 mer cent. for the sam2 maberial

and WAF ratio. Mg concluded that the manufacturer’s valu
Ml st have Do

aivbained on specimens sebhing under a

considerabhly bhigher rvestraint than the 1.8 BFa which e

e, Mowevey s the same measuring load used in bthe present

stucdy procduced the much lowesy value with the Teflon liner

and & conparahle valus (A, 48 3 B 8% per cent) wilth the

Maoal iner ceramlic linee (K1,

Teflon was chosen as tbthe contvol liner in this sihudy

hescause of its amooth surface and very low Fraictional

b

presmiekance. Variation of sebbing time due o the diftferences

17T miding conditions appears Lo be dmportant i the

interpretation of sething expansion resul bs, This reoguilyres

Furtheyr i1nveshigation.

In the setting edxpansion measurement of conbrol GUM

bt

pecimens, bthe manufacturer®s value (G.4@) was considerably

i

Tomgey than that obtained in the present sbtudy (8,79 3 @&, 85
.l'.'.
measurement whioch uses a U-shaped trough lined with way

|

ey cent ., T e

i Fference may bhe due o bthe method o

pEEEY and records

sEmansion at 38 minutes {(Japan Industyrial
m=handard, 1%97%). Bimilay expansion values as thalt obltainted

it the present control messuremnents have bheen reporhed (Masu

andg Noguohiy 1982 fFor GO Cristobalite inveshment. Thi e

materialy a predecessor of GOM used in the present sStudy.

Frass e

~iadmed by the manufacturers to have a sehting

et e G

v itdientiocal with G,

The reason why bthe ceramicoc lining gave higher sebhibing

sxmansion valuss than the Teflon lining in hobth investment

meckerials ia abviousluy an example of hugroscopioc sething

@rpansian (Soheuwy 19350 . That ismy the liner absorbed wvwater

fyom the mix and lowered 1ts effective RARFP rabio. Tl

vesulting incorease in sething edxpansion was clearly shown in

the sething edpansion curves (Figure 4.380 . This was alsc
aocompPanied

b

g a signifTicant difTerence in the time of start

of sebhing expansions on averaoe about & (KCTIY and 4 (GOHM)
minutes arlier with the ceramic liner {Table 4.281).

ODhwiousliy bthe time of loss of glossy determined on Lthe miy

remaining in the mi=ing bowls is nobt necessarily an

incdicator of setbting time of the investment placed in the

trough or casting ving.
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The odry cevamic liner which ahsorbed water Ffrom the
imnvestment mixy returns bthe water and the investment s
zcf P el ThHis was btuypilcally seen In

asuibject bto a hugroscop o

Ehe sebbing expansion curve of KT specimens which showsd a

vapicd initial expansion at ahoult 20 minutes (Figure 4.308).

Ty ascertain whether the inorease in sehblbing sxpansion

was not due to the cushion effect of the liners Dult dus to

ih

i

wabter uptake by the linegr, additional measuremenis were mad

of SO specimens., In this esyvperiments hobth sides af each

o

mhece of the cevamic linsgr weres btreated by spragving with a

ey FLlm®™ for 3 secontds. Mo statistically significant
i fference {(p < G681 was found bhetween the maasuremsnts of

o

b

@hthing {and thermal ) sypansions for the specimens cast

against the waterproaofed liner and the contral Teflon §iney

{Table 5,328, The waterproofed cervamic liner could have

served as & contreral btrough Liner. The resull proves bthat

Phe revamic liney used in this investigation absorbed watbey

at atmospheric pressurey consistent with the results of

Farnshaw (1988 and thalt it is this which was responsible

for the inoreasecd sebiting edpansion. it also contivrms The
reat lts of Obno el al. (1978, who found that the use of the

dew Film spray was a very effective method of preventing

waker uptalke by the 1iner.

Ha e Thevrmal Buapansion

Whern gumsumn--bonded investment is heateds a number of

dimensional ochanges habe place. The changss ooourying Ln
e guesum Dinder are mostly negative oy contrachion
(Farnshaw, 1975, 19788 Phillips, 19828 Mordys 198b). Tihis 1

il

£l

aalhn

woattse bthe density of gupsum {calcium sulphate dihydrate)

- anges o

Le increased as 1t undergoss the phase
hﬁmihydwat& angd anhydrites (Morid, 19d). The total lineay
contraction of cast gypsum prepaved from deyg-caloined

Femd Miycdrate (WP = .50 and heated to 788 =0 can be as bhigh
as 4 per cent (Earnshaws 1978)5 the corresponding amount for

cast gupsum specimens preparved from wet—-calcocined hemihydrate

(WAF = @A.25%) 15 aboult 1 per cent (Earnshawy 197548 Moeiy
TRes 1%H&ET .

The contrachtion ococurving in bthe gypsun bDiodsy 1s

masked by the thermal sdpansion of refractory. The

refractory sxpands sufficiently to make the shrinkage of the

A il : i - i i iteiiteiteilindholiodietiilaemm et i i
s -l i o

¥ Focals MRS Non-siliconeg Dry—~film Mold Release Sprayg.
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Binder ineffective in relabtion to the invesbment mass as &
o oammall

whole (Earnshawy, 19412, Mevertheless, plabteaus o

shrinkacges may still appear in the thermal edpansion curve
PEELUln Dlndey .

cue to the phase changes occourving in the g

i

The first such change is ususlly observed as a platesu

in bthe range 1G8 - 28 =20 ({(Taylory Paflfenbarger and Huwseney
1A Jones and Hii.}.?.ﬁ{:i'f"iﬁ 1948 Sumidi el aly 12755 Tasalils

Ohvba and Yamanes 1978 and i related to the d
gupsum {(Tasakiys Obta and Yamanes 19708 Tasakis 19795 Mori,

¥

2hwgcleation of

.

g owas marked in BCI specimens (Figure

R , This shrinkag
&"EE}ﬁ pyabhable reflechting the porous investment mass due L0

the hiogh WAF vatio.

surmansion takes place dus o

Mk a@inault ZEE S0 o n masmnilve

the low-high inversion of oristobalitbe. This is because the

igh temperature phase 1o less dense (Bosmany 196055 Ller.
19798 Phillipsy 1982, The edpansion observed in both
investments agreed with the thivd endobbhermnic peal obtainsd
i bhe DTS-TOG result (Table 4.14).

The contraction commencing at aboult 358 < was much

Larger and prolonged in BCI specimensg than in GOM., The

larvge conbtraction in this temperature range is dus to the

transfarmation of I11-Cald, o 1I-Call., {(Tasalki:. Ohta and
Yamaness 19788 Mori., 1982y 19%H&), Dehudration of the calocium
attlphate hemihudrate in the investment pouwders was Y3 per

cent complete alb @R 20 in the DTHE-TEH analuysis. HMowewver.
dehudration of casht gupsum o calcium sulphate anhyded te
Hdilatometry SPpECIMmENS,

it

procescds mueach more sliowly in larg

and 18 =+till taking place vight up bt the Lime of
commencemnent af the transfornabtion (111-0Ca580., o 11-Calbd. at
aiyout B35 e (Moriy 19H67.

The contraction accoompanied by the transition 1I1-Cabl.
to I1-Cablt., is increased with ingreasing amounts Oof mixing
water {(Tasakiy 19795 Mori, 1982, 198862, The present st s
alzso show that the high WP ratio of KCI investment is
responsible for the much greater conbtrachtion bheltween G3E and
Gl e,

The thermal expansion value of control UM specimens
(1.45% 4 G,83 per cent) was very close to the value given by
the mamufacturer {(1.47 per centl. The thermal edMpansion
value of conbtral RKCT specimens (1,19 3 @.83 per centl was




Qiwmocussion -~ Investment Haxpansiton L&

also close to bthe manufachurer’s value {(1.35 per cent). Thies

s both investments cast against

thermal
the cevramic linsy were similar in shape o bthose of bthe

control specimeEnis, Howevey s, ROT specimens cast against the

d & significantly reduced Tinal thermal

ceramic liney showes
sxpansion (8,99 & 886 per cent)y In agreemsnt with tThe

af Earnshaw (19883 who Tfound a similar reduction
eag&x:i.'rm?yi:: various gevramic liners.  The
g edpansion in this
ite already porous

SMTATISEION CUrVes

amban

Findings
Foarr RO spescimens Cast

Targe huygroscopic nature of the setbh

al ] .l' F. 1 E

ifveshment (Figure S,.98) would make
struohure more poroudsys with largesr gistances DeTuween

refractory pavrbicles and aupsum Crysithals, Thise Hhas &
inn WAF ratioey and & greatar

s 1wl Lae ﬁffﬁﬁt a5 AN Incresanes
investhnent mass at btemperatures

The dense naturs

-l

HH

ooours i b

i

densil Fication
SEE - 458 =0 in particular (Figure 4,058,
apparent as there were no significant
gypansion bhelbwuesen the

solmens cast against bthe cervamic ring linsy (1.50 X @.U7

el A5
ey centd angd control specimens (1,858 & @8.85 per centl.

o3fF GG investment ls
i FfPevences (o < @81 10 bthermal

Investment contraction hebtwusen 108 ang 208 *C (Figure
@ywamsle 1 &

.20 has heen obsersved in a Tew instancess Tor
{Tasakiy Obta and Yamane, 1978}y and in

auarts inveshbmenh
KT wsoecimens where high restricbive shthresses were applisd

Wil laony 19680 . The labtter was thought o bhe
= F bhe gupeum mabtrild

(o Jones &and
directly related to the collaps
inversion of oristobalite.

vangs is generally seen as
With such a

- iy

preceding and during the

Mongevey sy bhe contraction in this
=z mlateasuy {(Barnsbhatgs 1%601 5 iﬁyhi“mﬁ.f%{a'ﬁ?‘-q 1985y .

ok
di Fferencey The final thermal sxpansion value can bDe @asily

boy e 2 mer cent.

incyreamed by B

P SESUPE Around gupsum Specimens
gdehydration ooours

Iincreasing the vamour
increases bthe temperature at which
1979 and the same would bhe

(Matesuuyay Ohvta andgd Yamane,

inveshment sSoecimens, The
s lod have an

vmecteod it gupestum-bhondeod
sy esences OfF malsture in investment specimens w
=4 o bthe btime of debhuydrealbion. ATty

important effect
dehudration is delavedy the contrachtion is masbked by the

adpansion af refractory.

hﬂ-i“‘-

e e

MiE s es L Ve

Finger and JErgensen (1986 showed thalt the tThermal

pansion of an expsvimental gypsumn-bonded investment

decreased with inoreasing storage time bhefore heating
immersioan of bthe specimens 1n

——n n P
I..:“:.} P

-

{2 bo 24 bhours)yy and that

FL =
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=ating restored the amount of

Fuowy

1 A minutes bhefore b

wea ey P

Tinal S&¢pansioan. Favrnahaw (1981 on the ather bhandy found

o corvelation bhetusen thermal expansion and the period of

auaeing hetwsen 5 and Y6 hours. Me used dnveshmeant speclimens

mil e with & 18 pey cent glucerol sclution and stored In

sealed glase contaliners. Mere, ageing did not cause derying.

Jonmes anod Wilsonrn (19468 found that KCI gave a higher

Fhermal egdpansion when a Taster heating rate of 20 28/ min

was usmed For both 1 oand 249 hour aged specimensy ancl

[

muggastad that the coincidence of loss of absorbed wabter and
i
inversion of oristobalitbes could resuld in exbra

shycderation of gypsum bto anhydritey combined with bthe

oy

E AT T O .

While bthey discussed bthe importance of water at an early

shage of heabing, they used a furnace preheated to 1808 =,

which is criktical for the inibial dehwdrabion peQoess,

It Tthe present shtuduys all specimens were shored in

ambient conditions at least overnight before the LThermal

sxpansion measurements and were thus it a dreiled condition at

the btime of hesbhing. This: combined wiith the constant

emating From roon temperabure bho 288 0 in 34 minutes

1

alatively odry dehudration condgdlbion

B

{5 S0 /i mindy proviced & v

T T

and resulted in less overlapped thermal esactions af the

invesmtment compeonsnhs, This appsasrs o bhe the cause For the

prolonged contraction of BOLD specimens at 1O Lo L@ =40

L igure 4, 028, The thermal @dpansion measurament may

e i e btuwn difFTFerent dehudrabtion processes, btypified by

AL CINation. This has never hsen

sa-ral led wet and dey

e

dimousassd and further sthudy 1 reguired,

Pacausse the ceramic liner absorbed watery, iht is shill

"q.n"

Pmooy-tant to messure setbhing and bthermal sxpansion in the

presence of the ring liner and in sSequencs On ohe Sames

G E O TS TS . Fwery thowgl cervamic liners absorb only & small

et 1 greatdl

amount of water from the invesbtment mixy tThe

i

prcticghy particularliy in some investmentsy o warrant
meEasurement in this way. In addition, different types of

ceramic linsrs might affect the behaviouy of these

investments in diftferent ways., HMowever, waterproofting such

liners eliminates the effect of water in bthe setbtiing

expansioan measuremnent and alaso on the subsequent thermal

that

i1

s pansion measuremnsnt (Table 5,28 and 16 18 proposs

Phis would constitute bhetter use gf these liners in bhe

casting vring.
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Table 5,28

f Fffect of waterproofed liner on the setibing and thermal
supansian of GQCM specimens (WP = @b, 33}, Mean values of atb
r least thres teshts are shown togethsr with standard devialtion
i1 parentheses, Mosmults for the control specimens cast
auainast the Teflon shest are included for CcOmparisdnh.

oy

Ex#ansiﬂn o

Sode  Liner Setting Thermal Total

2 Haterprootad f. B2 1.47F g e
Raclineyr ceramic liner i e 13 { . 345} {70

T Teflon i, 749 e 45 I 2
kel ) { o [l ) £, 1.4 { , F )

. PP
e I Bl e [ e e B 3 e o g e ’ - e b AR i e ’ P —— ’ PP P " R R b i S A - b S e B B e L

| ol




Discussian ~

.5 Casting Experiment

The casbtings obbained with
undersized, ~@.41

with the prediction made by Morewy (1984) bthat the
will Db undesrsized

investing 1s csarrile

Lesda

eefee

Ll L]

W o

Casting ACCUracy .53

KOCT were significantly

i, A pey cent (Table 4.348). This agress

e aml o Liners

o o i R g R R

e

are used and

4 out under atmospheric pmressure {(Section

Thermal expansion of gold allous From voom boomeliing

JiErgenseny  LYEE)

Factorses such as S 8

temperature is in

CH

the rangs 1. b -

Theve ey

Reerisabii i by of the

and shape ot

mcatt o malbe

cmﬁtraatimn af these allous.

FHIWEVEY «

1. 88 per cent (Finger and

b1l ]l many unknown

the speclmen and

vrials which mauy alter the

When casting orouns 1n

pavybiculsyey bhe effect of bthe investment core can bhe such

that the thermal

coaling rates of

= o

-‘u - *"'..'.'.'.1
T l i rhm

o oyield the alloy

gy Causes Fracthur

roet
Ry

ez 3 riciu e

mou Lo and

ang aitay b

howsvers tThat these

{Masaharas

AR R R Tmilile

the present invesbtigation and

taken as the conbtraction to bhe

el oaw asuch a valuesy

EHRaAnslon accurred

11

Dince Lthe result of

L0 per cent (Sechion
2ol e

(y— - -

That the actual =i

Lhe KO

The Therms

L1IE BMPRansion

!

e ool oy i 'i:

the restrichion sxerted hy bthe

gpxmansion af @A, 5%

Castings having

chiangs (@01 2 @, 18

wvatue 1s sligbhly

(1L97H ), wh

Two reasons o

mEaluc T IR RN

1| &

Free,
vl |

bana

e

B, 17 per cent large

ey et oid

R R AU o e R

preRy (el )

me bhan th

i bhis

oy owns whd eh

ot

g bthe difference i1n the

the alloy can bhe high enouab

ey amounh

LE4A Y,

Thalt a o

"

tpf contrachtion or

YE ocan be assumsdd,

fachors were constant bthroughout

matant value can e

compensatead. Taking 1.7 pay

appradimately 1.3

ey cent omould.

iﬁ‘e’iﬁﬁiﬁi’i’!i‘i‘i‘ﬂ'kﬁ {1113 - :Ln? e Mﬁn%} 1

1 expansion measurement was

My e

"!'-

ssasonaible o assume

wasm .35 per centd due to

wax pattern bthe full sebbing

2§ per

GO S

cent dimensional

wer e produced with GCH. This

gx ey Lk

sirbadined by NMakanishi

weye On average @.15 4

at bthe gooclusal section {(Sechtion 1.4).

i

=y Ence Can bhe givenid Makanishi

used a wateyproaolfed thick asbestos liner and ke compared the

size ofF cashbings with

That af

reported that these crouns wer

alt the shoul der.

This discrepancy bebtwoen

the metal die. He also

& mn 5{3 i

e el per cent larger
A lusal and

e

shoulder size has been abttributed to the sebting of the
tnivestment: while

reshyilched hy h

o

\

Ued

*

L

'

+
L

=y pransLon atlb

et ey

the ococlusal sechion is

A less

‘iﬂ

zabtriched (1arger )




SHPpansion can ocour at the shoulder,y

sething

[ Ty

tlhiat the

Discussioan ~ Casting AScouracy g1 ki

smomesament of the it

Ffit of crownms at bthe ooolusal

aihou l ey

The

present sbudy

e oocclusal secition of
mimal il ire

ey

To guramins
MESSEUTements uers »

et 100

me b o

aF the casbhing.

st b ion. Thim

s LAY A L)

FaftTenbhargesry |

orf ok

the eftecht of

allnm

s Bieen bthe o

e d et Full orown

and JErgeniasy

Where the castings are oversized The measur
COMITEEs meaninglessy hecause the

oo lussd

L a

Joa s Yan Hovrng

sepansion of the inveshment is

gemoeial ly when the

el . This implies

afF orouns s

arnd not b

wseed For the assesement
Mas & distinct advan

T A

governted Dy Lthe

»

W the distorted

af acocuracy in the

irnn that removal of

Fhe die sliminates the effecht of
aogutlarities on the inner aspect of the ococlusal esnd

This ramovable ssctions

OO et

pary

g

SN

castings (Yolland and

speated with this ococlusasl sechion Ln
of asmaessing LThe

19348 Fusadwamays 195%a) Finger

19816 ., The resullts are

mechion rather bhan slide dowun

LAl shows that

Canhings

shcwn in Tabl

P by e

el

mesat @ Thie

T

it

et 1®e 0Ff

T ey . Table

wheaere the castings are undersizsed or close

ey @1 per cents no difference was found between the o

methods of measuremesnt., Thereforey, the method of removing

the ©

waw of meassuring bthe acouracy of

castlngs

The

thevrmal and 1.8 pee

o lusal se

SR s

foathal

than that of KO

]

ot obhvihtasined in

DET e

T sl e

~hion proved Lo

I as for the overasized.

" Eo

e oan acourate and practiocal

unaoderaized full orown

suwpansion of GCM, 2.5 per cent (1.5 pey cent

Fr

syl smebhtinglys 1w 1

Py

cent greater

I {hection S.2970. Such a large difference uas

The cashingss

tabkern inhto considerations thhis

BHEOATIS 10N

D compensstad,

EHPRATSIONy 1.9

thevmal

While laboratory setiting

measuremsnts ar

conditionsy the

investment eMpAR

bhe conditions

il

oaf aCHM. Taking 1.7

i

il

and @..5 pey
=y ceEnt oult o

ey

{3

EHPaANSLon may have oocuryed.

g usually made und

.F.

present casting

e

TTTY

FR Y <N HMare Sgaln some

himes To

ifiference was only @.4
restriction must De

v The higher tobal

sy cen

ettt oas bhe

1.5 per

me the contraction Lo

cent

In this Ccase,

actual sebihing

thermal

hoth sebbhing and

memb o L O .

SMRANSIONn are assumed to bhe under v

and thermal edpansion

rentl 1o

naian in the maould s yather

smploued in th

Ay
b ki

pyresent

indicate that the

ay @ssentially unrestriched

rocshricted undey

BHPET LMEeENT. This mauy
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e b bverys bng T

i

e hecause of restrichion of sething edxpansion

ey

war pattern, a common phenomencan in MOD and full orown

castings, or by bthe casbting ving 4Ff theve is insulfficient

cuashion. Tt maw also be dues to restriction of bthermal

evpansion by the casting rving iF insufficient cushion

s |

rematng after bthe inveshbment sehs.

-

oo

&,
wory niched by omany investigators (J¥rgenseny 195338 Sutffert

zabricticon of sebting supansion by bthe wax pattern has

.

and Mahler. 1955 Mamforod and Phillipsy 1958al FUusayams
mamtrichtive fTorces

oy Y

1Sy y it 1s sensibtive to even samall »

{Slkdinnerys 19358 Dockings Chong and Donnison, 19488 LDocking,

Donmdson anogd Chongs 19485 Docking and Chongy 1949%§ Landgresn

[ '
il

and Peutorns 19%9@3 Skinner and Degnils 19875 Earnshaws 1984,

bl

P 9&% sy Jones and Wilsons 1976, It appears reasonabley

Fhevrefore, to assumes bthal only @.3% per cent oult of the

mecurred sspecially in the area

potential setting expansion

cyitical foor the azssessmpent of casting acouracy in bhobth KOT

andd GOM moulds,

bibii le bhe asesumed @3 per cent sebtdbing exdpansion is

taking place in the investment survounded Dy bthe way patiern

Loty the investment oooupying the space hebwsen Dhe

pattern and the ceramic liner espands norve freesliuyy provided
Fhat the liner orovides & proper cushion effect. This was

illustrated hy Korgsono {1977 who measured pressure adeyied

o invested patbterns by the sebbing investment. Py g s el 1 6

sanesors were attached o the inner and outer prodximal walls
af MDD metal "pabtterns®, Pogitive pressures praporbtional o

laboratory sething expansiony was registered on the innay

wel . g o bhe oulter wallys howsveyrs posibive PPESSUre Was

registered only when the setting exypansion was restricted by

L L.

art dlmproperly cushioned casbting ring. Where sufficient

cushion was provideds a negative oF 70 Pressurs was aluaus

registered. The outer poybtion andg the core portion of &

mor l o appeared to bhehave indaspendently. The base of the

core (gingival margin regionls sandwilched hetuwusen The TwWO

ism adversely aflfeohsd.

The

acceptahle for the external diameter of orowns 1T the ring

concent of tokal sydpansion s thus general ly

liner iz able to allow the full sebbing expansion o ooccur.

=1 ther bhe

Iin additions during heatings there should

sufficient cushion still available or the casting ring
ashould expand as much as the investment does. In shorty the
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% 4 l""
it

2rnal diameter of a crowun 19 edpected to he the sanme as

that of the wax patterns 1f the total expansion of bhe

irvestment s saual to the mehtal contractiony in which case
the compensation will be slightly insuffic ient for the

irkternal diameshteyr oF the Crown. This disgorepancy 15

minimized iF the sebhing edpansion is kepdt low and & bBilah

thevmal edpansion 1s avatlable.

Restriction of the thermal expansion by the casting

ring i posmsible 1F insyutficient cushion remains afttey tth

i

[ i

investment sehs, The large 1 per cent sebhing @xpansion
wi bl GOM corvesponds o o a reduction in the thickness of the

1

tiniing material of abhout 360E B (158 B on each side). ERYACE Y

vesesty Found o bhe much more

though cevamlidc ring liners have

33

compressible bthan wel o drey e
al.s 197588 MNasu and Moguohis 198
the remaining cushion 1s sutfficient to accommodate the

eztos liners {(Magasawa el
».

ih o1s doubtful whether

-2-

thermal expansion of the investmenty especially thatb

b |

attained during the inversion of

ey damtobalitbey & anily &

little pepansion s eupschted in the ring at this l1ow
temparature (aboud 258 20, Section S.8.8 . Masit and Moguochi
1982y ashowed that a single layey of ceramic liney was

ineufficient for either the setbting oy Tthermal expansion of

=, Gristobalite inveshment. The setbting and thermal

Mpansions of bthe newsy GCM inveshtment arve similar o thos

i1

af the oldesy G0 Cristobalite invesbtments and so the fingding
i relevant bto bthe present situsbtion.

Tey furbther inveshtiogate bthe possible restrichion of

i

inveshment expansions additional castings were madde using

A0 Lnivestmhent. The casting vwings were eilther unlinedy oy

tined with two o thres layers of KRaoliner. The internal

javusrs were reduced in length o accommodate the reduced

cli amerter, and the Joints were shaggered in bthe ving Lo

provide a unitform cushiona The reasults are shown toagethew

with the result obbtained with oneg layer of lining 1in Tabhle

SR oand Figure 5. 38, They were analused by the Student =
tegi.

Varying bthe amount of cushion up o bthres layers

all

produced significant (p < @.@1) differences in the accuracy
A Full oroun cashtings. EBExibtreme restriction goccureed in

urtlined casting vings where castings weare greatly undersized

__.

and laboratory measurements Tor sebbing and thermal

edpansion were vivibually unvelated to the amount of mould




Disousasio

£

o~ Casting accuracuy =

g patisdon achisaved, Mere, sebbhing expansion is orobably
compeletely restyicted (Rice, 19313 Palmery FRowydbouse and

Lt

mbkinnery 194617, v additbions bthe thermal @xpansicon SRpears

oy e much less bthan that af the casting ving tabout 1.1 per

ceant oalt S S for stainless stesl) as onluy a H.8 per cent

lllll ririrk

(1.7 = @9} compensabtion appears o have

wecurred. This
agress with Masu and Moguchi C19HE2Y din thalt the high

i

@ypansian during the inversion of orishtobalite can induace &N
trtwardg @xpansion. '

T4 diw interesting Lo

ke

compare the resulites of GCH
(@, 88 4+ @87 pey cent) in unlined vings (Table .38 wiith
Those of KOl by Morey (19%8dry .41 > @05 pey ceEnts In

unnlingd cartridge brass rings. Working on the assumption

that the allow contraction to he compensated is 1.7 per

centy bthe accuracd of Morey®s KCID castingss uhere thermasl
HERatsion was 1.8 per cent {controls Table .58y might e
gypected to by aboult ~d.5 pey centlt. By bhiough the

eupansion af the cartridae brass ving alt 70 90 ig in edcess

af 1.3 pery centsy investment edxpansion oduving bthe inversion

of mristobalite iz greater than that of tThe casting ring

{an Horny 19343 Fusayamas Sabursi and Suzulily 1957 3. a

thess temperatures bthe expansion of the investhment hurns

inwav sy making bthe castings slightlh

g

L omor e underslzed bhan
supernted as shown in bthe resulty @, &1 pevy cenlt. Tlie

el

additional thermal

sxpanston of about 8,285 per cent in GOM
Coonhrols Table 4,88y ascertained Dy the laboratory

mEasuremanty increased the inward mould expansions malking

GOM astings smalleyr ratbhey than largery at @88 per cent.

The inward mould sdipansion has been demonstrated by
Rice (1931) and Ohno et al., (19765, Ohbhno et al. measured

Fhe volume of a cavity invested in a casting ring
immecliately

after the btime of inittial =zmet. Thew Tilled the
cavity with mercury which was connected Lo a8 manamester,

Fadlure to provice any cuskbhion resulted in a contraction of

Lhe mould cavity. aSnalogous comparison s prevented when &

max patteorn exishs, Their edperimentsy however. provicde &

gootd plocture of what happens when mould edpansion 1

reastyricted during hesting.

iy the present shtuduys bthe size

A castings inoreased
chramatically with the provision of & »ing Liner and
continued bo

Apny P

e omoy o with bthe additbtion of furither lavers.
This proves the assumphio

n that the mould

muymansian of GCH




o~ Casting Acouralu i 4y

Disoussio

i restvicted wilth one lagery of Kaoliner. S the number of

Lagers of liner increasesy the thickness of investment

avoaundd bthe waxy pabthern decresses., Tt oise known bthalt when
oeucing the thickness of bhe

el

oy

cushion.e m

There i1 insutTficient
investment inoreases the size of (U-Fform) castings

(Fusayamay, Dakural and buzukiy, 19537, This is bhecause The
wally The

.

cavihy and the ving

lessg investment hetusen tThe

lewss inward thermal sxpansions anod the greater the resul bant

casbhing size.

Thyree lauers produced lithle but stabtistbically
ariunificant {(p < @A. 681 additional inocrease In accuracy avey
o laysys (Table B, GRY. It i1e probable bthat thres layers

af liner are sufficient For Ffull mould expansion with GCH.

il

WMorking on bthe assumphbion that the allow conbraction bto he

compensated iz 1.7 pey centy then aboult & per cent mould

s anislon ooourred it the case of thres lausrs

"~

{ B o 3,77 = i, 51, Alag assuming bthat @. 3 per cenlt 1
n of

ahill & reasonable esihimation for the sebting expansic

the ocolusal sscotbion of the inveshment cores then in the
lavgest casbings,s thermal sdpansioan in that area must have

H!'lr-

fagegpry 1.7 pev cent. The 1.5 poe cent thermal sxpansion

merasured in bthe laborabtorys using a force of 8.5 My ism nobs

el

L ol

il

M PRATI S L7 .

theny & measurs of Ffuall (unrestrichted) bthermal

I Taochsy Kozponoys Meawsshi and Mishioka (19717 and Nasu and

i
cavity in unrestrained investment could bhe much larger than

sy mansion Of & mould

e

e

otk a (1WREY abhouesd thalt the theyrmal

that measured by the conventional labovatory method.

™ A

Furthey sbtudies are required on this aspect of mould

B P ETIE 1 ITY &

Py bhe castings made with KO (@841 & @.88 per centlds

[ L1

iT owe again take @.35 per cent as the contribution mades by

e pransiony then bthe measured 1.8 per cent thermal

i

sething
“pansion occurveady making the ftotal mould expansion 1.3 par
Cerrl e layer of ceramic liner appears bo be sufficient
for the bthermal edpansion of BCL investment. The increasedc
size of castings produced with GCM and one layer of linings

ek

b

1w therefore due bt the additional thermal expansion

avallable in this materialy some of which was dirveched

LTET s .

The @.3 per cent taken to bhe the contvibution made by

sebhbing sypansion relates bto the ococlusal section af the

L - L)

O e, & isorepancy beltusen ooclusal and

Lnivestmeant




Discussion -~ Cashting Acocuracy e

shoulder size i Mighly likely in the largey castings. W b b
sutFfriclient cushiony up to 1.8 (GOM) and @G.5% (KC1) pery cent
sebbhing expansion could be goourving at the shoulders of

-
o

these cashbings. Mo much distorbion g ooourring regquires

further investhiogshion. Whether a constant @.3 par cent

a@btbing edpansion ooours also recuires further

inveshigatian. a1 alternative exyplanation would have bhe

it

1

L

That this contribution ingreases for increasing lauers o

Liminiga. Moagevery bhiis inorease seems most likely at the

shoulder and the investment occocupying the space between the

-Lﬂ-l-

wearx pathern and the liners, This 1s supported by the facth

that SDheverns (1988 found sebting eypansion of phosohate-
= F e

Bonded investmhments o bhe Ff no value as & predichtor
atcuracy of Full

F1

.

e oun Castinos.

The resglts gbtained in the present study have

dempnistrated that the sqzpansion af investment as a mould can
e vt iy oi Ffevent from that messuvred by
laboratory methods, It has bhesen very

b

e conventional

conmcr in dentistry o

timsmare the size of a o

vhing wibh the size of the original

=T hhis tuype have Dsen numerous

flaney 190%3 SBhell, 19233 Soheu.s 19330 1933: 19398 FUusauama.
j ipE Ly

R
way pathern. e dmenhs

Fe =

Yay 1WEYhl, and these measurements have hesn cal led

- -

Yindiveoch measuremsnts? of casting shrinkage (Hollenback and

Skinnery 19446) and measurements of the "net casting
ahrinkage” as defined by Earnshaw (1958

¥ Here bThrees
conceptss alloy contrachtian, mould sypansion and casting

aeouracys are conbined in e

il

mingle notbion af “"casting

14

i LTl age? Wi le "divech measurements of

l...._
T
28
5
el
ey
e
™

shrinlkage” may be regarded as an alternative to the

o il

convenbionmal dilatomebtry methods for detsrmining the

contrachion of alloy (Section 1.3y "indivecoh meassurements
of casting shrinkage” ally mores

-arvechtlygy determinge the
souvacy of dental castings under various mould sypansions

F =
[

o

Al oas such are siimply casting experiments, it is pyoposecd

that the termss alloy contrachtions mould sxpansion and

casting accuracyys should be used in preference to "cashting

cshrinkage” for clearer understanding of dental precision
Casting.




Dismocusmsion -~ Casbing Acouracy L

Tapie 3..534

EF et of method of assessing casting SCCUN&CL. Hersmua b be PO
measurenments obhtained with the ooclussal sechtion gf the die
removed are included for comparison. RO = Herr Cristobalite
iniiay dnvestmenty GOM = G0 Micro OCristobhalite invesbtment.

F

Accuracy (L2

il TG

Rrriussl section
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Dociusal seschion
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Discussion — Casting ACCuUuracy Vi

Table 5.38

Effect of linding on the accuracy of full orown castings made
i GO Micro Oristobalite investment. Standard deviabtions
w7

AVe shown It parenthoses, iy 1y 2y angd 3 = the number of
lausrs of Kaolidney.

Mumber of Linings

5 i o 3

Souracy (¥ v fdt, E1E3 44, §11 ., T8 g ]
{ 37D { . 1813 { o A} { . (A4}
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NUMBER OF LININGS

Figure 5.345

Effect aof lining on the accuracy of full crown castings made
using GC Micro Cristobalite investment. The height of eact

& represents the mean of at least ten castings. The amal l
suparimposed hars show the standard deviations. B 14 =y

and 3 = the number of lavers gf Raoliner.
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CHAPTER & ~ SDURMMARY AND CONOLUSIONS

The aim of bthe present inveshtigabtion was o study the

effect of increased thermal expansion of gyupesum-bonoed

[T

irivestments o prodoce orouns whil ol o aho

ks

w & @ per cent
gimensianal

hanges From the size of bthe wax pattern with a

cerramd o ring lLingsye (Baolinesrl. e bliess LW

s )

wERENT-ARE Rl wTw ek
casting inveshbments, Kerr Orilstobalite Inlay invesbtment

- ik el

(RCTY and &0 Miocro Cristobalite investment (GCMY)s wers

-

el

Y

smared by means aof differential thermal analysis and

thevrmogravimeatry {(DTa&-THYy ang setbing and thermal

exmpansions aof the bhwo invvestmhments were measurecd in

e

accmmedance withh Sustralian Standard
'

—

E

A The results of
e lahoratory sxpansion measurements were related to the

]

dimensional acrouracy of gold full orown castings.

The Tollowing conclusions were orawns

1. T
mesthiod to 1o

DTéH-TE methad provided a simpeley reliabl

i3

4

b i Py bhe type of calcium sulphate hemihydrate
sfrachory

il

ant

1 Wy

present in the investments, and o estimate
the quantity ©

T thess componenits.,

o The amount of calocium sulphate hemibhudrate was

almost the same in the twe investmenhts {(aboult 38 per Ccent).

Mowevery & sionificant amount af dry—-calocined as well as

walbt-calocined hemibudrate was incovepovrated in KOTL. The

asionificant difference in recomnended WP yabio of KO and
,, SOM suppovted that the Former contained a considerabnle

ameount of dry-~calocined hemibhydrate., The tupe of hemihudrate
LTICOr e

mvataed in gupsum-bonded inveshtments has not hesn
identitied i bthe literatbures.

A The setbing edpansion measurements made with the

{.

ayamic liner showed that the values were considerably

Mioher (1.8 per centd with GCM than with KOD (8.5 per centl.

& Control expansion measurements made withy Teflon

sheet proved that the ceramic liner absorbed water at

atmospheric pressurss and this gave the high seltling

sxmansion values {(Myaroscoplc

ey

supansion) and changed the
setbing time of the investments., The increaszed ssthing
mxEpansion significantliy
T

g

decveased the thesrmal

S ATIS I On 1L

. a ma am e aaa e aan  aa



Summary and Conclusions ali

" Wateroroofing the ceramic liner eliminated the

affect of water absorption on bthe sebbting of the

investments, and this would constitute bhetiter use of the

ity i1 bthe castbing ving.

&, Thermal contractions taking place in bthe hindery of

gupsum-bonded investments are generally masked by the

yumansion of refrachtoryg. Mevertheless, plateaux or small

shrinkages maw still appear due to the phase changes in the

Pk clesyy These shrinkages ware Tirshbly in the yrange
Hebhydration of gupsumys and

T — 288 =0, related bto bhe
secondly in the range 358 - 4568 =, due o the
transformation aof 11I-Cabil, o L1-Calida. Botl ohhanges wyaeye

muteh larger and more pralonged in the ROD speCimens

reaflecting the porous inveshmnent mass due bo the bigh WP

el 30, The Fipal thermal expansion valuss at 74k =20 ware

1.8 (ROIY and 1.5 per cent (GUMY.

&+

i

= unddersisedc

i The castings abhvained wibth KOL we

n

{
i@, a1 4 @, 0 per cent. Thie savesd with the predicbion macs

i}

b Flovew (198G bthat the castings would be significantly

undersl red when cervamic liners wers usied and investing waes

carried out under atmosphearlC Pressure.

. Smaeuming & constant valug (1.7 per centl) aszs the

contracthion of the gold alloy Lo bs compensateds only

., .3 per cent sething vEansion appeared o he goocuring in

Plhie cove sechion of the investments dus to reshriotion

imposed by bthe wax patitern.

v ettt dimensional

il

2. Casbings showing an average ¥ p

=y ottt ) weres proaduced with GOM.
IR

oy

changs (RELE81 3 B.18 p
Mongewer s Bhe bhigh thermal edpansion of M (1.3 per

mambr i obion. Increasing the lLinings

F-

appeared To De under ©
proved this bto bhe the case and indicated bthe necessity of

[

il edpansion separately From Lhe

b

considering DThe m
svmansion value obhltained by the laboratory measurement.

Three layers appeaved to be sufficient for the full mould

b

aumansioan of this investment. The @ payr centh SCCUY&E

applies only to one section of the orowny and the high

setbting sxpansion is likely to be producing & diftferent

arcuracy alt the shoulder and the outer sections of the

QT .




Sumiiary andg Conclusions il

R In unlined casting rings, castings were greatly

uridersisad and bthe results of laboratory measurements Fow

i

hevrmal expansion were vivitually unrelated to the amount ©

3 P TS (T The increased thermal edpansion of Gk

TImIR A

{1,458 per cent) adversely affected the compensation of alloy

oy

contraction as & result of incereased inward mould expansion.

i1. I+ was indicated that the termsy alloy

i

contractions mould expansion and castbing acouracy, shiouwld b

umed in preference o "casting shirinkage” oy clearsy

understanding of dental precision casting.
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