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Physical properties of a repeatedly used nonprecious
metal alloy

Donald A. Hesby, D.D.S_* Peter Kobes, D.D.S.," 5  Don G. Garver, D.D.S., * and
George B. Pelleu, Jr., Ph.[.**
N i onal Daallental (enitvr. Betlicsdla. *%Ili.

In t)Iur current economy it is obligator\. that dentists cmos mietal, and then all is discarded. However, thle
and technicians be cost conSsciouis about the mnate- nonprecious metals might be reused several times

rias tle\ us fr fixedl prosthetses. The preferential with the addition of one-third or one-half new%% metal
use of, the precious metal alloys has almtost been each time. Although there have been several reports
eliminated by thle elevated costs of' all preciouts onl thle repeated usage of precious metals and the
metals. The subseq~uent demand fotr semiprecious evaluation of their physical propeties. there are few
and nonprecious base alloys in dental procedures has reports, available onl the evaluation of the physical
now resulted in substatial increases in the price of properties of nonprecious alloys after repeated use.
these once insignificant alloys, again to a point of Some properties that should be evaluated are hard-
financial concern. - ness. tensile strength. yield strength. modulus of

The original nionptecious metal alloys introdluced elasticity, coefficien~t of expansion. gratn size, and
into dentistry 15 to 210 years ago were so Inexpensive percentage of elongation.
that lte new ingots were melted, cast, and discarded Many questions about these properties must be
or sold back to thie supplier by the pound as scrap, answered. For example. will the manu factuitrers
even though thley. were purchased by the penny- stated desired properties for a casting be advecrsel\
weight orone When using thle inexpensive no- altered if the alloysar uecdtoeptdmlin
precious alloys. techn1icianS used all new\% metal for temperatures' Will the addition of certain amounts
each casting instead of' mixing nesv metal with of new metal to the total melit of previously melted
previously melted ingots. ingots influence the physical properties of the resul-

With thle increased costs of' thle nonprecious met- tant metal alloy? What is the optimum ratio of new%%
als. it would be economnically advisable to reuse them and old metal combinations for consistent results'.

'in comb~ination wvith new metal, ats is thle practice This study was undertaken to evaluate hardness,
when using preciotis metal alloys.'- Some laborato- tensile strength. and percentage of elongation of a
necs combine otne-half new, with once-used nonpre- nonprecious metal alloy used repeatedly for- fixed

partial denture castings. These physical properties
______were compared between single-m-elt alloy., castings

'Dw oiin and.. i~t-Ition, cmaincmmd timeoim arm( I he private otic, and second-, third-, and fourth-generation -nmelt

tot th writerrs andm atc not tom hcm mmmmi-l im mtii jtica o~rit alloy castings.
0wmli %ii i sm',~ oI til- Dep)m-tmam t mo- J m thn *Na%.

Smmppmrted lhmmito i mmml' pmmimldem b% thcn Blntr-am of \edicinle M4ATERIALS AND METHODSI aid Sijj,,r\ mitmlmr Rieto Ii Womrk tmmit Nom. \lt0t9t m-VN .14-
t I A nonprecious meta)" routinely used in U.S. Navy

'4 ( tmmmtmimCtmtiner t 1) t SN Bittmmh Dekntmal (31irm.. National N 'aval clinical laboratories was selected for evaluta tion.
Dm-ntil tiniecr. %\ailollmm~ Nays "iamt. Wvashingtn. 1) C Tensile test specimens were cast in accordane-

rmerts Rcint Ii I'rmstlmdtdmimi. NNI)U* with AD)A specification No. 14 for dental chromitim-
*'(:mmiinicitir )c( tiN ftil o tnicr. t 5 iDC a cobalt casting alloy (Fig. 1). A split brass mioldt was

1Cpn(I)CI t ,N: Heaid. Btranchm Denial C hili. Naval A\ir ________

S,ommmi. Mlinmtmlmi. Iriii Imrilelk I mmlim- i I',iaI licitm- imn. icoiim co.. fll-,. ar divisiomn .,f ( Nil lodtn.rics,

lop- IDisimo. l'rm,,itmmlmiti I )i artnilti. NNI)(. Allrm.vN. Y.

ott"'C:tmirn.m . Rcin t I epao ii u-tt ND I (Shuerwood Research. Silver Sprung. \Ill
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1/4" Radius .09 1.01" Diameter ilnotor-driven casting arn was rotated for 30( secon .

lollowing casting. the ring was allowed to ben~h
111Icool overnight. The investment was removed. atid

1 dthe casting was cleaned with aluminun oxide ab a-

sive powder.*
Fig. 1. ADA specification No. 14 for the tensile bar. Tensile strength measurements werec deternin d

for each specimen according to AI)A specificati(,tns
by means of an Instron Universal testing machint."

A measuring microscope$ was used to determine the

percentage of elongation, and a testing instrument§
was used to measure hardness.

Following the tests for physical properties, the
sprue and tensile bar were melted, cast a second

third, and fourth time, and measured in the sati.e
manner as described previously. Approximate 12
castings were made for each generation of castings.

• "* , RESULTS

Fig. 2. Wax sprue and tensile bar. The physical properties of the repeated castings

for the first, second, third, and fourth generations, as
made to comply with this specification, requiring a compared with the minimum AI)A specifications for
tensile bar 1 /8 inches long with a diameter of chromium-cobalt alloys, are shown in Table I.
0.09 ± 0.01 inches and 12 to 24 threads at each end The hardness number was within the minimum
with a 1/4 inch radius of curvature connecting the bar AA specification of 50 for the first generation and
and the threaded portion. The sprue portion was appeared to decrease slightly in the second. third.
formed in a separate split brass mold. The wax sprue and fourth generations. However, statistical compar-
and tensile bar are shown in Fig. 2. isons of the first through fourth generations showed

A commercial wax injector* was used to transport no significant differences (/p > .05 by the Student I
the molten wax to the heated, lubricated mold. test).
Without the use of the wax injector, voids consistent- The tensile strength of each generation was under
Iy occurred in the pattern. The pattern was invested the minimum ADA specification of 6.300 kg/cm.

in gypsum-bonded. low-heat investment.t The When statistical comparisons were made between
investment was painted on the pattern and allowed the tensile strength of the first through fourth
to dry for 9 minutes. then invested in a 500 gm generations. there were no significant differences

casting ring. The ring was allowed to set for 1 hour. (p > .05 by the Student I test).
then placed in a cool oven. Burnout temperature of The percentage of elongation was well above the
1.35(1 F was reached by using a slow-heat ovent and minimum of 1.5'/' for all the generations. Although
the ring was hear soaked at this temperature for 3 results appeared to vary considerably, which is in
hours, agreement with Harcourt's; findings, no significant

An induction coil crucible assembly§ was used for differences were found between percentage of elon-
the casting procedure. This eliminated carbon con- gation values (p > .05 by the Student t test).
aminination of th( metal that (could result if a torch By the fourth generation, it was generally noted

were used. Nine ingots of the alloy weighing 3.5 dwt that insufficient metal was available for complete

per ingot were used fo r each castin g. When tihe castings. These incomplete castings were not
treconnen(led casting temperature was reached, the included in fourth-generation testings.

4 "1 ls~Ii-ls lsl,, I, \l-I. I tit . t (':ing SIpl) , thIiI . Inc., N w_ _

",k. N Y *Ticonium Co.. Inc., a division ofCMP Ind., Albany.. N. Y.
IIISSl ,. I, ,1Imnl( C,. In, . (: .I\I 111 I t ( MI' Industries. 'insron Corp., (anton, Mass.
Alh. N. N $Measuring Microscope. Gaertner Scientific Corp., Chicago. Ill.

I - lh.l. t 1,,1111 t \lh~ns. N Y §Rockwell Superficial Hardness Tester, Wilson Mechanical
§ I 1 nllt , I 0IIl 1, . \lh i',, N Y Instrument Co., Bridgeport, Conn.
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Fable I. Phlysical properties of repeated castings with mnean and 5D values

HArdneSS* Tensile strength* Percentage of No. of samples
-eneration time (Rockwell 30N) (kglcmj* eiongation* per generation

First 50. t 1.1 3,3o4 1,117 2.4 I.S 12
Second 40.3 4.1 3,31oc 774 3.3 2.8 1
Third 4v. I A. Z ,(, oQ7 2.1 '3.2 10
Fourth 4o.3 o'.2 3,1)24 022 t,.8 4.0 7

ADA 6,3()0 1.5

* )iFe~rences txwtwecn i t(- generation timres Wcre. not signifirami ] .0)5 fly ihe Situdent I lest).

DISCUSSION T1 he aparent v ariatlions that occurred aniong 1the

Thet findings showed no significanit differences four gent'ratluns\na\ be clue to mnicroporosity in the
be-tween [Ihe four generations of castings for arnv of casting. The cross-sectional area of" thle casting ik
the physical properties tested. reduced b tieamnoUnt equal to the area of the

Although tile hardness and tensile strungth test defect. Theref'ore. the tensile 4strength and percent-
results (lid 11o1 show a significant differcuice bet-ween age of' elongation would be reduced in these areas
asting generaltions. thet inteaskillents were below Much before anyv other area of the bar. X-ray

tniitnlio.-\):\speifications. A- possible explanla- inspection of thle tes castings could he used to detect
tin for thle dectreased ltensile strenigth Inlight he subsurface porosity.' [f anl% sp('eitnets wereC found it)

attributed to the difference in thle size (If tile sprtte have porosity, they could he eliminated front the
and the tensile bar. which would caulse- the barl to stud\'.
lieconic prest ressed during cooling. A differenit type SU M R
oIf sprute was designated for- use in thle ADA. sfpeciti- SM AY
cations. In this stnidv. it was neccessarv to tuse at larger 'iomec physical prop~erties of nlluprecious alloys

sp)rtu tot have sufficient flietal for repeated castings. Nvere cornpa-ed after repeated casting without thle
Anothter possible explanatios for decreased tens"ile addition of any new allo's. The tensile strength.

stetth mnight ble the procedure of premielting thle percentage (If elongatiots. and hardness properties
mectal prior to casting. 1 lowever, if this were thle case. were determnined and comipared. T[here were no
a significant decreasc in? each 4eneration east woutld significant differences observed in the physical prop-
be expected. No decrease occuirred. erties tested amiong any\ of' thle four genleratilons (of

T(he finding (Iftno significant difference in thle four casting. This. fitndinsg itndicates that the mietal can be
genterationis is (If' clitnical importance. 'Tbis indricate's reused for at least four generations.

that th tit ntal call hle recast for- fotur- gencra titois with EFRN S
no~ alt erat1ion in fte t ensile st renlg!t., hard ness, a1t1( REFERENCE.SI. siW;ott'at'1drwiifFid

Percetntage otf elongationl. It also ,ittdicates that tIte I Tariult',sliitic S. ~ c 1). Tlwor and Siat. o 1 s 19,) andt (.

pro ceduore otf' add ittg va rvin g ,;rtoI itts ofI new%% intal . Mo) do., 1) :13:.
to ,tld. its su~ggested IA' thle tnitactutrer'. is hiot 2. Phiilips. k_ W: Skimu-%\ Ssieuo',, Of t al uat toia,. ed 7,

tlel'essary . Il l il ia. 197 3. \\, t. sailtdeli0( .. 1) 347.

Phc ftre at detintit ive reclontnietida tiln -ait he itade 3i. Ii irtouot. t. I. The) rt'tttintg of (0151- rIt ittiI all,'"

.(111 I Is ~ (~ . u. Gtig R. G_ itn I'estion. V. A.: K'sti~raive Di'ti( %taititt

Invtestigatio I rit eel (int wt et' phyvsical I lropertit's ais t'-I C. St. M-1 Co. is. 364It' .\0t~ '

not evlae nthi s lTese properties incltide
thlt tduttits ofe(lastIiit . gra in size c'arbide spacing, R.(F C' t ttt

coetfiictit of' ex pantsio n. aitr t i(' d st rentgt h. Thew I )K . H . VI I ItI tll iSOt

bond stretgtlt(io' porcelaitt-to-tttetal af'ter repe'ated N I' NW \t \1i II It \1 ti I

castings shoutld also he exattiilned. IW itti ss.m. 21141
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