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Bvidence of grain prowhh wes glso obgerved whore
stldeping wag corpded dut olectrically in & fumaee ; oy without
the use of £lux., In these cages, however, the fined prain size
within the solder was similey o that in the parent alloys.

Table IV shows the size of grains measured uaing the
intsscopt rﬂe’ch‘é&; Crain growth was st o lovel pénsidered o be high-
ly sigmifiesant.

& stuly of table IV points oub $he following:

(i) Gyein growth oeeups following soldering,
* fﬁi} Wierse grains eré layger befors sulierding, a8
seon in Thermotirol castings, the grain size sfted soldering is
grepter than in castings with smeller grain size before soldering.

(331) Tn similev fype castings, more grein growth
goeurs whon soldering is earried ouf eleetrisally they with o gas-
23 blow pips, and the grein size in the solder end original
alieys tend to be the same.

(dv) Where soldering is carried out withoub fiux,
approximatoly the same amount of zpain growth oeours in the
parent alleys, ad when flux i3 used, bub the grain size in the

fsolder ia larger thon whoré flux i uged.
ﬁ-&p 83 28

Sufficient gop distance hétween the castinzg to be
Joingd was necessery for a sucsessful soldering operation.
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TABLE IV,

The Bffect of Soldering on the Gprain Size of Dental Casting Gold
Alloys and Gold Solder. |

Hean Grain Dismeter (Mierons)

Before Seoldering| After Soldering
“Gold Alley || Gold Alicy| Solder

[ ]
SR PR R R N LN e AR AR AR S TR B R S B L T e e gy o | Neniniiel eyl i iy il p-hn_—i;qh il
o
r
* - - - - - - ., '.‘.‘ II
2y 1710 LaR
. -y - ” % i - |

(Gos-air Soldering | 280 800 150
with Fiux).

| Gas-air Contyifugal n | » ‘
 Casting (Gas-alyr (P I 500 150
| Soldering with Flug). |

| |
r [
rw-"‘“m_, y e el ulpgnisoly, eyl dronle e sl egesenlfslengplplg by gl grdgepynl— - ¥ L
' |

Gag=-als Céntrifugal

Casting (Eleetrically 150 . 500 500
| Soldered with Fluz). | '
| |

| H ,

Gagmair %gntrifugal I
Caating (Gag-aid e | an
Soldering without 140 380 300 |
Fiug).
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This has been studied in debail by Ryge (1958).

Figore 43 shows the effech of soldering where
castings wore in contast. Ineomplete union cceurs wheys Hhe
gap 1% too smell. Grain shruchures of the molder axe wewy
different from the parent glloys, the grains being suetlew.
Capiliary sebion 434 nob seem to work well under thess
ponditions, .

Soldeiing 3GAMmS i"e},' be most sucsedsiul and
atconiplished with preatost cane where a gap size behwoen
0,008 inches and 0.006 invhas is provided. Sueh a Joint is
showy in Pigure 14 whers soldeiing was caryded out uﬁing
vaseling based Plux, gas-alyr blow pipe with 18K gold solder.

Apparontly secsessiul soldered joinks oty be fovmed
with lerger gop sizes, snd gaps as wide as " M. Dy b
Widged With soldes. '

Surface Praparation.

It was found In this investigation that the surfaces
of esatings to be joined nesd not be Gentally poiished.
Provided that surfeces wore elean, soldsring could be satis-
fastorily sarpded out and it was Aiffioult to distinguish
polished and unpolished surfoces afber the snldering gperation.

Figure 15 ghows the result of soldering whore
different surface preparations, of the castivgs, have beon used.
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The previous results dnyelving soldering variables
neve been Illusbrated wiing photonierographs of Preoicus Metal
G gold, |

Similar vesults have boen observed with Jelenks
Pivmiley, and flgure 16 shows thrse typlesl phokomicrographs
of Timmilay showing & soldered joint where & gasealy Blow pipo
has been used, an elentrisally wlﬁerﬁﬁ Joint and g soldered
Joint goldered electiieally with 2 Yery sméll gaps In
fa.gai"e 16(&) &tﬂ 16{‘5} one of é&r:h castﬁzg has haen fﬁlls,?,
ﬁantaj:{y }?@hﬁhﬁ&ﬁ the Ea cﬂnﬁ @a&‘émg ’ﬁeﬂ,ﬁg pah ahea. &nﬁ;y to
the E&ﬂﬁp&gﬁr disie.: aﬁa@*

' ihoro Firmiley ves

mmpleﬁa allaz,riﬂg apgeamﬂ ﬁa ha?a '&akeﬁ 1}25&@*

* ﬁaa a%ea. azﬁ g@iaereéi wi{;h gaswm )




L L]

saldering.

'-l—';'

Blootrie

a‘-
:
— = —

soldering,

e B .-t-p._-'

—

Very smoll paps

Jelenke Firmilay X50.

Figura 16.
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BFFECT OF SOLDERTNG AND HEAT TREATMENT ON PHYSICAL PRODERTIES.
Gasting and Soldering.

i’ea‘bia V mmwa *th@ aff’auﬁ ef E&lﬁem o *&ha h&rﬁneaﬁ
@f caating galé'. mﬁys a&l&. acﬂa aﬁlﬁem ﬂa‘bia v giveﬂ mstﬂ:bﬁ
fmf- eostings made f‘mm Pma eszmﬂ Ié&tai ¢ ga&& , soi&amﬁ with 4 &K
galé; mié‘am similar ﬁm&& ﬂ&‘ﬁ‘& ’be&ix f}baema f@r t;{:hﬁw
ea%mg gold aﬂ@m H |

mf’f&ren% ma%ha dg of eau%aag aza& wiaemg ﬁi& m{:
produee hardoess velies that Wote Hi,zgﬂméanﬁy different at
the 98 per ﬁéﬁﬁ abﬁié;eﬁ&& Tevel, ﬁi‘tﬁaﬁga i% hey f2e z_z_uenﬂy
heen clained ﬁh&t eold saiéer $g havder and ﬁmnge:r:" than
sasting gold 21oys, and table ¥ méﬂaﬁ s mean yaluet consist-
ently higher for solder then For the pdvent alloy, the herdness
Pioantly higher then for the
gantings when subjocted to stabisticdl analyais.

;|

Heat Tre &mﬂﬁ%

Hoat treatnont was carxded out on Precious Metal
type A, Type B, Type C casting golds, Jelenko Firmiley, Jelenko
Hodulay and 18K Gold Solder. |

Table VI shows the hapduvess values of the a;ﬁqya
studied before and a;é*-&a:* heat treatment. Ih wap found ftheb
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TABLE V.,

Effest of Solderivg on the Huxdness of Casting Gold Alloy end

fo1d Solder.

Spesimen Typs

Non-Soldered:
Thermotrol Gast

Soldered (Gagwaly with Fiux)

2

Gag-air Cast
Thermotrol Canb

Soldered (Rlectrically with Fluw):

4

Soldered (Gas-air without Flux

Gold Casting Soldep

Hapdnsss (V.H,N.)

17 (5.5) |

].‘

e (11.3) | 151 (5.2)

153 (9.2) | 156 (5.7)

196 i?sﬁ) 457 (6.0)
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TABLE VI,

The Effect of Heat Tresiment on Casting Gold Alloys ond Gold
- Solder,

HABDNESS (v,mm)

* ‘I Casting Gola Alley 18K,
PRECTOUS METAL l © JELENKO Gold .

A8 Cast ox

After * l
Soldering

Sefﬁ%ihg | .4
Heat Trostuent

| 13 | | 14
(5.5)| (%.3) €5m {13.8)

Hardening 66
Heat Treatment || (24

|

o~y
il
::h
hy

Standard Deviabions in Brackeis.
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Procicus Metal & gold responded to softoning heat treatment
being vonaiderably softer than in the as cast ¢ondition. This
alloy did not wgﬁm‘iﬁ. to subsequent hardening heat fweattend.
Precious Metel B gold, Jelenko Pivmiley end Jelenks Modulay did
not glgniPicantly respond to softenivg or horvdening heak
tventment. Preclous Metsl C gold and 18K pold solder vesponded
readily to heat tremivents. Softening heat treatment prodused
only & slight veduction in hardness bubk hardening heat treatupent
profuced o #lpnificent inerease in hardness,

Fow Firmilay and Modwlay the heal treatments used were,
those proeviously dosceibed, o5 well ag the slisght variationd
rosommended by the mapufasturer, |

While 4% is nob swprising that Précious Metal A and B
golds, and Modulay, show Ii4tie response 1o hheat tregtments, 1t
is gomewhal sufprising bhet Fimiley was notk nore smengbie to
these procosses.

Hent trestment had no effect on the grain sbrustures
of the gold alloys studied. This ip shown dn the next serdes
of photomictographs, figures 17, 18 aﬁa 19« The eastings
subjeosted to sludy Were from the sumé specimen and in the &8
gagt state, after softening heet trostment and afler havdening
heat 4reatment, 1

The gvain sise was spproximately the seme, in esch of
the three conditions, For gach specimen, showlrg that salthough
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prain srowth oecurs very readily during soldering, no change
bt £m¢m oecurs during heat btresfmerit. Ik has béen
pointed oub previously that changes in hardness are slmost
1 cérbeinly due 6 ordep-disordsr reactions talding plads in the
gold=copper systen,




CONTACT POENT SOLUERING.

The soldering of conbast points on gold ecagbings is
froquently ¢orried out in restorative denbistry. The mosh
frequent nethod of carrying out this type of soldering operalion
is frechand, using o bunsen flame, maling usé of a Yaseline
besed £Iux, end en antiflue such 48 “peneil Jead™ ox & eolloidsd.
grophite such as Aquadag®.

Typical nhﬁ%miammpha of contast poink sﬁﬁlﬂwing
e smmx in fioure m m Pistre 20(a) Precious Metel O mold,
%hare 4 apperent laclr. of tiloyings The grains in the gold
soldey run &% vizht faﬁgi@s 48 the surféie& ﬁf "Eﬁé easting., being
; e@lumﬂaz* in form. ‘Bizér& agma 'I;cz 'ba mﬁﬂﬁiﬁy @.: '{;he 2rain
“hmnam 26085 ﬁhe s@iﬂera& éain:b ;m the x*ﬁgim @f &, The
- Tgmm allcw :in figz;zm 29( 8) ia ?Mﬁiﬁw inadls up bsr 8 1&3’59
grajin of aimaﬁ@r approsimat el:;" 2,000 mamna s In fi—gum
20( b} 3 ﬂlenm Myeilay, thepe sppears 6 Em'ﬁ‘e hem aliﬁyi%‘
between the solder and ‘Ehe gold @&B%ing, al'bhough the grain
structure in +the ﬁal&er 15 quife é:fferen'& foom th&t of *ﬁhe
parent AlIoy.

There appears ta b6 4 miaﬁcﬁéhipﬂ between the porosity

* Acheson Colloids Limited, Plymouth, Deven, U.K.
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in the ordginal casting and the goldered contact Eﬁif:éi
JHardness detorminations have shown that dn-most

sades of contact point soldeying, the havdness of the solder

was slightly higher then the hordness of soldér in Investment,

It i8 doubtivl however if this is o aipnificent difference.
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PENSIIE THESTS.

A lditited study of tensile testing, of Precious
Metal G gold alloy; was coyried out for the purposes of .
egtablishing date in an atlempt to compare e‘tréﬁg%hﬂ that may
be expested in a one plece sasting or a typical soldered joint
restorations; and to attempt to establish a relstionship botween
hardness (V.H,N,) and ultimate strength. ALl casbinge used in
thls study were made in the Thermotrol casting machine.

Tensile tests were performed on castings in the "as
cadt” shate, after hordening heat treatment, after softening
heat trestment snd on Specimens whieh had been Formed by
goldering two halves of the dumbbell shaped specimen.

The results of testing vltimate tensile girength, and
haprdness values obiained affer the tensile test, ave shown in
tablé ‘?II and figure 21. Figure 2% shows the relationship
botween ultimate tensile stvength and havdness (V.H,N,) for
cust specimens and soldered specimens. From the dtraight line
natire of these graphs it is sppavent thal o constant relation~
ship exists belweon these two properties for castings or
soldegred joints. The relationship, although constent for
casting eold alloy or gold solder, differs for the two matepials,

From teble VII it can be seen that the variation in
havdness, which occurs with hardening and softening heat
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70

f 1
WL/

dh
W1/

Castings

L/ TN
hL/
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200

160 180
VHN

Figure 21

HARDNESS
of tensile specimens after tensile test
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TABLE VII.
Relationship between Vieker's Hardness Number and uwitimste tensile

strength for "Precious Metal '0F Gold® and 18K sold soider.

e Uitinate Tﬁnéil : Hardness (V.HN, ¥
Casting: Stoenath @ (V. )

47,000 (1,700) - | 143 (s6) |
37,000 (1,400) | 433 (3.8)
61,000 (2,300) 160 (5.3)

Soldeved | T T
Gasmain 49,000 (2,000) | 476 (7:9) | 196 (9.6)

(as sSoldersd)

Laoldered
Rleetrie

{(as soidered)

Stondurd Deviationg in Braskets.
* A1l values are mseng of thres
specimens, For this study.
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treatments, is reflected in the ultimate tensile strength of
the casting. The ultimate bensile strength achieved by & one
piece canting in the as cast condition io not significantly
different from the ultinmate bendile astrempgth of H;p ceimens formed
by soldering either by & gaaﬁa:}.r‘ blow pipe or electrically.
There is no evidence that app avent lack of glloying as geen 4in
gaswgiy s0ldering produces wesker soldered joints than electrie
soldering which produges complete alloying. WNor iz the reverse
situation seen t6 apply.

Some typlesl fractursd specimens sbe shown in figure
22, In thess photomicrographs ¢en be gecn the rélationship of
the fracture Zﬁ;ﬂa end the pevent &lloy. In most specimens,
fracture oecuryed throush the solder itself, ay seen in figure
22(a) and 22(b). Stme specimens fractured through both parent
alloy and solder, as seen in figure 22(c).  In vio specimen did
fracture oeeur by solder pulling away from the parent glloy.

From the dete obbtained, it was cbserved that the
wltinats tensile mtrensth of Prectous Metal C type casting gold
alloy, wag lower than the data supplied by the memufachuver,

A typical stress stvain curve for Precious Metal C
type casting gold alloy is shown in figurs 23, This stress
gtrain curve was typicsl of thoge oblained duwing the testing
of now Precicus Mebtal C gold, cest in a Thormotrol and tested in

the as cast condition.
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STRESS STRAIN CURVE

Thermotro/ As Cast

Gouge Length 6 mm.

p!‘g;mg;er 2983 mm.

Cross Section Area O.17 sq. in.
I

—9—5-:1—50. /7 .

50
Y
40)
(n i .
%
T O X
= I X  Proportional Limit 36000 ps/.
?: 30 Y Ultimate Tensile Strength
m »
_ : 45000 p.s./.
7
5 20 E/ongation 22 °/°
 —
[o
O 4 8 12 16 20 24

o/ ELONGATION

Figure 23
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BEND TESTS.

Tt has been obasrved, in the gtudy of all metallow
sraphisally propared spesimens of gagealr goldering, and
contact point soldering over an opon Bunsen flzme, that an
apparent lack of alloying occurs between pevent alloys énd -
gold solder,  This ldHck of allsying did not occur where
doldering had bean cavrded out electrieally, In electrie
soldering it wes observed thak, althoush the gold solder conld
be cleariy discerned, no vacancien were sppavent between gold
a¥ioy and gold solder. |

To study the natuve of the bond between parent alloy
anit gold solder, the previmsly deseribed (page 67 ) bend test
was ugeds

After bending soldered specimens through én angle of
@pmﬁzaateﬁ.y 10 degress, Por twenty opr thirby bends, it was
oherved that no failures 6f the soldered Jjoint occurred.
There was no tendency for the gold solder fo pull away from
the pavent metal. Deflecitions of 10 degroes were used sinee
this sxeeeds the haximum defleciion, llkely to Gccur éiimisaﬁ.iy
in bridee work,

| Slip planes were vbacrved after the firs%; deflection
and 51ip increased with inereased bending.

Pizure 24 ghows the §lip planes occurring at different
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stages of bending in an electwically soldered joink, unetched.

Figurs I{a) shows the specimen bef'ore Lending,
while (b), {(¢) and (8) showed the speeimen after one hend; two
bénds and twenty bends respectively, Slip plenss can bg seén
in castings and gold solder and some sre continuous within
gralng, acsvoss the soldered Joint, indicating that true slloy-
dng hog teken place. Although unmetshed, the shape of
different graing muy be readily diseerned by the chenge of
divestion of the slip planss.

Observebions werd slso made on stehsd specimens, nd
figure 25 shows the results of hending on an ¢lestrieally
soldered joinb., Figure 25(a) shows the electrically soldered
Joint before bending, and figuve 25(b) shows the same Joint
after some bending. |
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Bend Test - Eleclrically Soldered - X50.

Figure 29.
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Figure 26 shows photomicrographs X50 of a gas-air
soldered jolnt, before and efter bending. From Figure 26(&)
an gppavent lavk of slloying can be elesrly seen, betwedn the
soldey emd the sasbings. TFiguvre 26(b) , a photomicrograph
after £ive bends, shows no tendency to fracture ab the soldsred
joint, Siip plenes can be seen in figure 26(%) in both parent
alloy and solders. Some 51ip planés can be seen to eross the
spldep~casking junction. Regiong X and ¥ were atudied at a
megnification of 1000% and photomlcrogrephs of these sreas are
geén In figure 27,

Figupe 27(a) shows, quite clearly, slip planes
erossing the Juriebion bvetween ‘l:he gold golder and gold casting
in vegion X The different direetions of slip planés in
dif'forent graina moy be seen. |

Figure 27(b) shows & similer situetion in reglon Y.

Figur& 27 shows guite cleardly that thers is no real
lack of alloying between the solder and the parent zlloy.

The gppavent derk space, &b the jfmﬁiﬁa, geen :at, 1ow megnifica-
tiong is not conbinuous, bub is an accentusiion of the arms of
the dendrites, This is paviicularly evident in Piguve 27(b).
This structure avdges bscause of lack of fime Por eguilibiium

| to be reached after solidification.

j Careful study of gas-gir soldered joints ot high power
(¥1000) reveals that although the grain size in the solder igs
smalley than that in the parent alloy, there is continuity of grain
boundaries across the soldsred joint, as seen in £igure 27(b), in

gome aread.
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CONCEUSIONS AND DISCUSSION,

Following the ordginal, Investigation of denbsl
easting gold s11oys and gold soldaping operations involving cask
structures 1% 1s possible to draw conclusions, relative to these
operations. Althtough some of these conclusions are supportive
of past investigations, msny of the Findinss ove dlamstricslly
opposed to some of these pust investigations,

‘ Despite every effost o cast dental cold alloys, ueing
the methods nowmally employed in the prectice of dentlstry, and
with close adhérence ta correact teshinigue, porosity wes found to
be present in 21 gold castings. Porosity btended to be found
within the body of the cssting rather then gloge it surfaces.
Where proper technique was employed it was rare to L£ind voids
within a casting greater then 50 ~ 60 miorons, in dlavetsr. In
ceneral, woids bended to be ivregularly shaped. Voide 60 microns
in dameter, where irrepuloriy spaced, would not Influence the
gurface of & coating clinically.

VYoids which oecur ad largs inclusions trapped in the
arms of dendritis stricture, as soen in figure 2(b), may cause
elindedl problems, since If uncovered during polishing, yemein
a8 a surface defest despiie eontinuved polishing, The degree of
porogity exhibilted in the photonicpographs in this sbudy can
probebly be considered g5 the nommal porosity An good dental
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castings. These photomicrographs ere selected from approx-
igately 200 castings and soldered joints which heve been
seetioneds |

The sprue size used dn this study appesrsd o be
adsquate, ag sagtings involwing the santing of two Joindd
plass II indeys exbdbited only the sams level of porosily as
gingle class IT dnlby castinzs.

The rée-tsd of casting roid aildys has no effect on
the physissl properties or plerostracturs of these glloys.

In figure 2 4% 18 obvicis that wheds gold atley Hag betn res
used ten Himes, the degres of porgsily is niet signifieamtly
different from o costing made vaivg orily new goldse  The use

of sone mew gold QA nob tppeay to duprovs the physicsl
properties o redise the porosity in & pasting, Tt is possible,
howevey, that where casting is perforued with less care than
Uil s snd oxctssive ovérheativg ov oxidation ’éaices place, dower
melfing point elemients mssr ve volatilized. Zime s present for
$ts poavenging offects, has u bolling polot of 906%C and sowid
easily be ramgved.

Different mothols of casting dsnbal gold slloys have
been Pound 6 produce eastingd which ave not significantly
different in terms of povosily, oOv hariness and comdequently
whtingte tensile strength. Although the use of the Thermotrol
o pageair contrifugsl vasting machines does not produce
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significantly bettor results than the hand swinger, the
advanbages of both of “bhaae apé obieus m tormg of cansﬁ.atemy
in the hands of iswgé numbers of operators,

The difPerence between cash gold alloys and gold
solder in the form a8 supplied by the nmepufsctursy and affer
ctgting or wolting, hes been demongtrated. That the name hard-
néss and hence tenpile shrenghh as supplied cammol be achicved
after canting I of no impoptange. It would be extremely
unususl 3F the strength and hardness of a sast materdel were as
great as these properties in a wrought materisl.

¥t has been &@mﬁnatm{:aa that for the same ﬁastxﬁg
gold slloy, a smaller grein aize is achieved in pastings wads
using gas-alr casting methods than the Thermotrol slectric
eatting mothod, This glmost cevbainly results fyom the
- relationship exisbing between the casting ring sud the electrie
crucible of the Thermotrol which retains more heat, allowing
- slower ¢ooling and henge the fermation of langer graing in the
éﬁﬁﬁﬁgi

It is generslly aceepted that o smaller grain size
gives beter physical properties in terms of higher ultimate
tensile- stréngth end lower ductility. = It hos been cbserved
: thet for easting gold alloys, alihongh the grain size of
Thermotrol castings may be twice theh of gos-sir cashings, there
48 no sigrifieant difference in hapdness end henee nltimate
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tongile strensth between these types of cagtings. Other
factors than grain size ney be of importance with repard o
cagt gold structures. Porosity control nmay be one of these.
Herdness and strengbh oy well as duetiiily, avée ztvernsd by
order-disordsy reactions profucing spaca Iatties siraining,
whish ogeurs within the grains.

Surprisingly, castings profuced using Jelenko
Firmilsy and Moduloy d1d not exhibit a smaller grain size than
the Preelous Mebals alloys. Claims have been made by Jelsnko
(Shell, 1964) thet Jelenke alloys sre "microfined” exhibiting
grain sizes of opproximately HO nierons. This has nok beéen
borng oub in this siudy. Jelenko slloys seld on the open
mayket in AugtPalis, are msde in Australia for Jelenke., and
perhaps have nat heen subjested b6 the misrsfining procéss
used by the Jelenko Company in the United Statess It ds
possible that this microfining hep an insignificant effest on
the properties of the gzold giloys, oven where it does deour.
It has beom found £or annealed 70 = 30 brass that, not unill
the grain diameber falls below epproxiuately 40 miovens, do
slgificant, chatgds opour in duetilidy and fengile strength
(Van Viack, 1960). Similar greiv sizes may be necessary in
casting g0ld 2lloys to produse significant changes in vhysieal
propertied.

A study of grain sizes of types A, B and € golds
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leads to the éconclusion that A goldg hatre the largest grain
size, B golds bave & grain sise bebwsen thet of A polds and
G 2olds.

A study of the atfugture of soldeded joinbd,
soldered using ges-odir At o temperature of spproxisgtely 750%¢
and soldered in an electrdie furndce at .8'50&?3 theows congiderasble
1ight on & pomber of aspects of dental soldering procedures.

The ghg-sir goldsred Joints when studied ot a
magnification of 50X sppeured to exhibit & lack of alloying, a8
evidenced by a devk dpacd cgcurring hetween thée casbings and
the gelder, 45 well ag Sifferine grain sizes in the solder and
parent metal gnd lack of continuity of graisn bounderies across
the interfese, These Features are very well demonstrated in
figuves He), 8, 11, 26(z). |

Bleetricslly soldered joints, soldered st 850°€,
studied gt & megnification of 50X sppeared to éxbibit complete
alloying between the paront alloy and gold solder, with no dark
jrtorfode apéa, the same zrein sige in pavent alloys and scldey,
| and continuity of grain boundardies acrosd Hhe Junetion betwosn
the easting and the sdlder. Despite evidénce of exoellonk |
aligying, the solder could Ve cleayly distinguished from thy
pavent alloys. Examples of sloetrdeally soldered joints
exhibiting the above features are seen in figures 7(b), 15, 25.
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ﬂlea%ria solderdng has been abservea. ‘&f:ﬁ CUEE 1Moo
. gmin mwth 'l:han gashair aaﬂ.&emg 5 althcsuga thera 15 Mn
| gmwﬁh in gaﬂ-a:m ﬂﬂlﬂerﬂ.ng né &m‘bﬁ due 5 %ha lﬁ'ﬁgei" kSl
:ﬁmciiiﬁa in thise fg};zf’ﬁﬁ% g8 and the slowey epoling after soldering
takes place: - L |
%ha fa‘t::wa ﬂh E@Watiwnﬁ *benﬁ to aonfim '%-he mﬂz of
3‘3‘5"53 (1958) and EL Ehraahﬁ. ﬂﬁ al ( 1 963) , ‘.i?hasa mrk@rs @I&;{m
that ﬁtﬂ.&m& g@mﬁs s Whém heating o 8 %m.ghér‘ $erip era‘ﬁnm hasg
’bm *empieﬁa A eﬂaﬁmﬁ i::rfarmr pmp ari;a.ﬁg to those where lower
mér&:&awﬁ ha’m &em e@iﬁ:};@ﬂ and aii;lay:mg hag not takon place,
Em‘bh@r worker prﬂsmats &ata in ﬂupgart {af ﬂms ¢laim, If no
m&ma ﬂﬂ-ffﬁﬂvlﬂﬁ w aiiayihg tmg piaea :H; ﬁ.ﬁ difPientt o
ﬁzmsagé ‘Ehe m%ehmam of 'E;he ?acan&, | 1‘{: mght L Emnﬂz%e:*ea
aimzlw '&a the gfﬁ’%&?‘&&ﬂﬁiwmﬂ ‘!zmé ??hem zine Pho sgha%e
éenﬁal comett s uaaé.f
S*tmay f:fﬂi’ %ﬁ@s tm:s typss of 3@1&@5& 3@131'&3 after bending
denongtpatad i;ha% iﬁ, “ba'i;h maa of s&lﬁ@mng #lip plénes ogetur in
at:he ;miaer 83 mii us 'E:ha parent slloys and these were seen to
eross the mﬁeﬂaaa ma ﬁ;a the gas=oir Ea‘z.&ered joink as well as
in the highev 'ﬁ:@fﬂyﬁr&m g aelem:ri ﬁaliy soldered joint. Tfﬁa
gould nﬂﬁ coéwr ;if‘ Mﬁzﬂi@n and allm had m:ﬁ;. *Fsaiwn @iaam
Sflip pims within inﬁi*?iﬁuai graizzs ave pamﬁ el wi'bhin a
Hingle grﬂ:m and are in én.ffmnt ﬂiregtiﬁns in different grains.
When a%mdfza& at 2 magnification of 000X the nature of the |

o
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apparent interface san be seen very elearly. Whal appeavrs to
be & dark space at low magnifiestion is, in fach, simply an
extension of the dendriitie strusturd in the parent sl1loy.
Phis is particulanly evident in figare 27(b)s The dendribic
appearance papticulerly where the darkeér zscceptuation océtira
results, not from conbamination 4nd oxddation, but fram a
composition differentisl ocourring becanse of lack of time for
aquilibsium to be reacheds Alloying has feken place at the
surface of the pavént alloy rather thon prinepily clong grain
boundardes. This 1s not urespseted considening the hisher
snepey ot $he surface then aiong the graln boundaries.

Alloying talkes place witheut the actual melting of
the parent alloys,

From feble VII it can by séon that no significant
diffevenes sxists bolwoen the stiéngth of pas«aiy goldered
joints ond elesirieally soldeved jointa. Although st first
consideration a &lfference does exint, ising the ™5 tesd it
was determined that thls Sifferensce iz algnificant only at the
90 per cenk level of confidencs.  Differemsss of this prder
ars even less signiflesnt clindeally. Typicel soldered joints
fn Pixed bridzes have a arvoss-sectional ares of approximately
one-fiftieth of a square inchs The tensile load necessary o
fragture such joints 1de dn the ranze 6f 800 poinds to 1000
poundss |
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Poroulty in the parent alloys mey have an influense

on the porosity of the séldeved Joint. This was shown iH
Pigures & and 7(b), 2nd more perticulerly in figure 15, Here
the region of the solidered joint sdjoining & relatively porous
arer of one dedting is exbremely porons, while the porosiby in
the ares of solder adjacent to the less porous gasting is
almost Free of Voids. An improvement, in soldered joints, may
be producsd by de-gassing the parent alloys befores séldeping,
although any improvement is not likely %o be wlinically
Bignificant,

0b seﬂ&tmns ragar&mg sfﬁaez:‘mg Wl‘ﬁhﬂﬁﬁ ‘éiae a:z.ﬁ of

| ﬂw m&z.ca'ka that %bzs ﬁ&l‘l de aehﬁ.éve& m-‘éh some &egreé ei‘
&sz‘iealﬁy‘a ﬁlﬁwugh gaﬁ@z*alily the resufm; aat 593.&&@&, joinks
are mm::‘w sﬂuma, éaza fﬁ%ﬁmﬂ,‘g’ wmﬂ. :E’r% » I'f':ﬁe plek of
zaa&:amg *&ha amgm&ﬁ aa atmga :3.3 mnamarabia « Oaye Shﬁulﬂ b6
degem:, s&& n.n ﬁﬂmﬁgg f:m?z *Esﬁa a.t'kmpﬁ ﬁa ma.nim:;ze spheri %&1 fiw:
‘F&iﬁﬂ which am i’requaiﬂ;ly ob aewe& in ﬁ&atiﬁned selaez-ea joinksa,
@h&ﬂa ave a&mﬂsﬁmﬁaﬂ, mﬁma 15, 8 12, 15.

Th& pmblem of air entrapmont h&ﬁ baen p@mi;e&i ﬁiﬂi y
and ibiﬁ maz,r meur s p&rtiaularly wheps mlaar is ﬁram inm the
3 mint fmm twa azf.‘i.e Hy ym:’mzﬂarly Whem 5uffi¢ien‘h Zap ig not
‘ ;zraﬁﬁntq | Hﬁuamy & gap of 004" - 006 should e used for most
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covisigtent vesulbd. Smalier goaps may @mixxée dneomplete golder
Joints, while Jlarger gaps provide poof aosthedies, & small
spherdeal contact betweon soldsy and purent metel or problems in
pauging the amount of golder roguired to adequabely join the
pmaﬂt gastings,

Smﬁ%s of 2014 casbings to he Boldered should be
eloen, but o advantiss is gained by producing o hish polish on
the vasbings. On the other Land, since the soldered Joink dops
not feguire o méchamieal bond, no advenboge 38 ghived by leaving
& roughoned surfase. By not completely polishing the vasting
before soldering, probilems may bé encountored in The Plusi
poldshing of & gadting after seldering besanse of poor adcass.
To engure eloanness, if complobe polishing ia nol varried oub,
swinding 0 the 8topd of & Pind pandpepdr or dultlefish @ldk
should be dompleted.

A study »f tebls VI Indicates thak Precious Melal ©
type zold and 18K pold were affected signitieantly by both
softening and havdening heat {restments, TPreolous Mebsl A and
B golds znd Jelenko Firmilay and Hodulay were nek found ¢
raspond o heat troniments,

The hardness valves of 18K gold soldey pavrallel those
for Pregious Metal C gold for the same heat treatments. I
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may be deduced that the uwltimate tensile strongths of guld
solder and € gold would Likewise be similer. [Fhis is supported
by the deta presented in table VIT where the tensile strongths
of Precicus Motal C gold elley, as east, is not signifisentiy
different from that of o densile speoimen in the as soldered
eondition; either soldered using gas~air or soldered ¢loctriesily.

Heo't trestments had ne offech on the grain struchire
of eanting pold alloys or gold solder, Chenges in physiesl
properties oscur becaush of ordep=disorder reastions prodicing
lattice straining by movement of gold and ecpper stoms. The
temporaturesemployed 3u heat treshmonts are not sufflefont %o
ice grain growth.

Contaet point soldering, using & Bunsesn burnsr, fo
a1 heating,
produces a styruehurs sinilay fo thed obsorved in gagesis

F‘
| JE | }‘1

momentarily melt the nolder, thereby ensurding

soldering. At low mmpnifisstion thers Is sppurent laek of
alloying. Study at 1000X revéesls that alloying end diffusion
have taken plage, and the apperent dark spees ab the interfacs
in figure 20 15 an accontuation of the dendritie struciure
previcusly diseugsed. The hordness value of 48K gold solder
is considerably higher than the hardness of 4ype 4 and type B
goldsy although nob significently higher thon the hordnegs of
type € gold. There would seém to be Litble purpose in

}
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soldering = contact on a type € gold casting vnless an sctual
deficieney covurs, but a harder ond probably bebber wosring
contast could be produced with solder where Hype & or type B
golds were heing used,

A reletionshiy haik been established between Herdiess
(VoHN.) and Ultimabe Tensile Strength. Horduess values hove
been determined uging o 100 gm. loed. This Ioad has the
adventape of producing s asusll indentstion, which mey be placed
on ¢asting gold slloy, or gold sglder do that valld resulls mey
bz vbiained. The havdness teshed represends $he haviness of
the gold alloy of solder itself and does rich ey
21l value dependent on the inelusion of voids under the indentor.
Sines factors oocur ut the spase labhice lével, which affech

glent an over-

the physieal properties, 4 100 gne load hai sisny advantagss over
hardness veliies obleined using a higher Ioad., Althouzh &
straight line relationship exists botween hardness (V.H,N. 100 gm.)
and ulbimate tensile strength, thia relationship is 4ifferent Por
gold solder and casbing gold «lloy. A8 mentionsd previcusly,

the hardness of the gold solder appoara %o have been increansd
more a8 a Pesult of the tensile test then the hapdnoss of fhe
casting gold alloy and, in ectual fach, the reletionship Iing

for gold solder prebebly lies approximately parellel 4o the two
lities in figure 21, and botween them. Thevs is & nosd for the
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esboblishment on & statistical basis of & comparison betyeen -
haprdnoasy befors and after tenting, and ultimate tensile strensth.
Skinmer znd Philldps (1967) wuote o ratio of
Ultimate tensile strength ¢ Brinell Hardness approximetely 500 & 1
Poy costing zold alloya.

This patio hag no% boen substantiated in this study for
V.HN.

Problemg would erise in the use of Brinsll Hardness
 with e load of 15 Kk partiauiaﬂy ﬁ:ﬁ:h gold solder, ‘I'fﬁﬁ load
ﬁeu?.& pmaa ge ;"ﬁia.ama‘&mﬁ a;;ymma.ﬁe}y 300 fﬂlﬁf@ﬂﬁ in dizmeter,
?fhiﬁ’l ig wider thaxz m@ﬁ% rmlﬁem& Joints.

| In aﬁtmm ‘fm T ta‘hii ah a m&a*‘aiﬁnship belwesn
ui‘bima%a -&@ris:r;le sﬁ&:m ané; Mﬂnesa €‘%H N.) Por soldered
jtpiﬁ%ﬁrﬁ &% s@pewa that 4% :.aﬁ the m::'élnﬁ&a of the solder which
would gﬁa a geﬁaa -m ﬁz& atmngﬁh taf' the Jﬁin‘& being tested,
Father ‘f;han %he harﬂms 8 9? the asﬁfmiam& parent alluyﬁ « This
¥ auppama 'ta:f the ﬁ’raaﬁure yatm gemram observed in tensile
apaoimens, a8 gesn izz figm:*e 22

The stre g atrain euIves atﬁaza& fm this investigation
I have %ﬁn&aﬁ 'ﬁ@ in&i&ata that alﬂbhnugh '&h@ ul‘bﬁ.mata tansile
strength ?&1&33’ compare with ’bhasa claa.me& by ‘the zﬂamzi'aem#,
proporiional Iim;‘bﬁ and elongation ave higher then claimed by
the ;mészaﬁ:_mm H
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(R A ghudy hap bsen mode of the stroeture and goms
physical properties of cesting gold slloys and gold solder.

2. Porosity in gold castings hus been studied in
relation fo 348 offeet on the situchure of the soldered joint.
3. The éffects of vasting uethods and heat treatments

on cabting gold Lmﬁya have been outiined.

s The ef'fechs of soldering varddbles on the physidsl
propertics and microstructure of casting gold slloys and
soldered Joinks have been phudied, and sdme pertinent findings
reporidad.

Be Dontast point soldering bhus boen eavided ouh end the
nature of the joint achisved hasx bsen chaervad.

G Relationships betwoen uvitimate tensile shrength and
hardness (V.H.N.) have been eptablished, and the need for
fupther work 4n this fisld outiined.

7 A deteiled metallogvaphic study of joints,

(2) soldered using o Bunsen burner, (ii) & geswalr blow toreh
for o minfmum fime &t u bemperature of 750°C, or (3i1) where
soldering is earried out at z temperature of BSBEG in on glestric
furnace, has been carried out. All of these fechniques produee
alloying and diffusion ab the solder~casting interfase.

8. Soidering at hizgher tempersture, bolow the méelling
point of the pavent slloys, dops not produce signifisantly wesker
goldered joints then those produced at lower temperatures.
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